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This short introductory chapter is to give very selected impressions on some historical milestones from the field

of erectile and sexual function and dysfunction. These highlights are arranged in chronological order and are

not including the developments of the most recent years. 

The idea for this chapter was born by the author and Prof. Alain Jardin - both members of the Historical Com-

mittee of the European Association of Urology (EAU) - during the 2nd International Consultation held in Paris

in summer 2003. The concept was immediately supported by the board of the consultation.

Every reader who is familiar with the history of sexual medicine will realize that many dates and names have

not been mentioned in this brief overview. So hopefully, the 3rd International Consultation will come up with

an extended and complete research of all  fields and aspects of the history of sexual medicine and not only a

collection of selected spotlights.

INTRODUCTION
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An early wall painting in the caves of Lasceaux, France, from the Late Stone Age (left) already depicts a man

with an erect penis positioned beside a bison. Hunting as well as human reproduction were elemental tasks for

prehistoric men and the basis for the survival of mankind. Both aspects are united in this painting as well as in

a similar hunting scene from a Neolithic rock painting from Mongolia (right). 

PREHISTORIC PERIOD
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Ithyphallic depictions – like that of the god Min in the Temple of Luxor (left) - are frequently found in ancient

Egyptian culture as the erect penis was a sign of good fortune and masculine strength. Prescription 663 of the

famous Papyrus Ebers (right) offers a variety of remedies for the cure of male impotence. Other passages of this

Papyrus also address several contraceptive recipes for women.

PHARAONIC EGYPT

Square columns with the head of a man and an erect phallus – called “Herms” (left) - were set up besides roads,

public places or at private houses to provide protection from robbery or other evil events. During the famous fer-

tility festivals, named after the god Dionysos, large erected penises were exhibited and played a major role

(right).

ANCIENT GREECE

In “De aëre aquis et locis” Hippocrates (5th-4th century BC) (left) described the high incidence of impotence

and infertility in the people of the Scythians and explained it by continuous perineal trauma due to excessive

horse riding. Aristotle (384 till 322 B.C.) - like the other Greek authors - outlined the physiological concept of

“pneuma” (= wind, air) as the initiator of erection (right). 

GREEK MEDICAL LITERATURE



23

The Greek god Priapos – son of Dionysos and Aphrodite – was always depicted with a gigantic and erected phal-

lus (left) and became also very popular in later Roman culture. Poets like Catullus, Horace or Martialis wrote

obscene verses – the “Priapea” and the famous wall painting of the “phallus weigher” in the House of Vettii in

Pompeii (right) most likely also represents Priapus. 

PRIAPUS

The “Kama Sutra” (Aphorisms on Pleasure) is the earliest surviving example of a comprehensive love manual

in the history of the world. It was compiled by the Indian scholar Vatsayana between 330 and 369 A.D. The des-

criptions of many lovemaking postures (illustrations shown here from 18th century) is only one aspect of the

Kama Sutra besides the many psychological insights into the interactions and scenarios of love

KAMA SUTRA

Many cultures used ithyphallic symbols for fertility rites and other reasons. The antropomorphic terracotta vase

(left) from the Mochica culture (Peru, 100 BC – 600 AD) depicts a priest with an exaggeratd phallus. The Swe-

dish god Freyr (right) is represented with an erected penis in this small bronze figure (Södermanland, 9th – 10th

century AD). 

ITHYPHALLIC DEPICTIONS IN OTHER CULTURES
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Leonardo da Vinci (1452-1519) – the great artist of the Renaissance - can not only be considered as the founder

of modern medical illustration but is also the first author to describe the blood filling of the penis as the cause

of erection. He drew this conclusion from his own observations in human corpses.

LEONARDO DA VINCI

Although the “Musculi erectores penis” (i.e. Mm.

bulbospongiosi and ischicavernosi) had already been

described by Galen in the 2nd century A.D., this

knowledge was lost at the time of Costanzo Varolio

(1543-1575), who re-discovered them and gave an

astonishingly correct description of the mechanisms

of erection. 

“MUSCULI ERECTORES”

In respect to sexual medicine the famous Avicenna (980-1037 A.D.) - also known as ABU ALI AL HUSAIN IBN
‘ABD ALLAH IBN-SINA or “Medicorum princeps” (Prince of Physicians) – was perhaps rather a philosopher
than a physician. Although his notes on anatomy and physiology of the genital tract are full of errors he was a
very subtle observer of human sexual behaviour, especially when writing about the difference between male and
female orgasm. 

ARAB MEDICINE IN THE MIDDLE AGES
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Paré also suggested an “artificial penis” made of a wooden pipe or tube for patients after traumatic penile ampu-

tation in order to facilitate a proper micturition in the standing position. Although not intended for sexual acti-

vities one might call this device a 16th century “penile prosthesis” as per definition a prosthesis – in contrast to

an implant - replaces the whole organ or part of the body. 

THE FIRST PENILE PROSTHESIS ?

In his male book “Tractus de virorum organis generationi inservientibus, de clysteribus et de usu siphonis in ana-

tomia“ (1668) the Dutch physician Regnier de Graaf (1641-1673) succeeded in causing an erection in a corpse

by injecting water into the hypogastric artery. At that time a very meaningful example of experimental science.

REGNIER DE GRAAF I

The book “De la generation de l´homme” (On the generation of man), written by the master of French Renais-

sance surgery Ambroise Paré (1510-1590) in 1573, constitutes a real guide to good sexual practices. In this book

Paré described in very vivid language and with many details how to perform sexual intercourse to ensure the

greatest chances of fertilization and how to diagnose pregnancy, how to follow pregnancy and finally how to

conduct delivery. 

AMBROISE PARÉ
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Spermatorrhœa and the involuntary loss of semen was an important aspect of the masturbation hysteria that cour-

sed through western medicine following the publication, in 1758 of “De l’Onanisme, Dissertation sur les Mala-
dies Produites par la Masturbation” (left) by the illustrious Swiss physician Simon Auguste David Tissot (1728-

1797). A variety of preventive devices (right) and therapies emerged over the next 150 years.  

SPERMATORRHŒA AND MASTURBATION

Although the “Nodus penis“ had been described centuries before, Francois de LaPeyronie (1678-1747) gave the

first extended clinical report on the disease named after him in his article “Sur quelques obstacles qui s’oppo-
sent à l’éjaculation naturelle de la semence“ (On some obstacles to the natural ejaculation of the semen) from

1743. In his opinion the plaque was predominantly caused by venereal diseases.

PEYRONIE´S DISEASE

His book on the female genital organs “De mulierum organis generationi inservientibus“ (left) published four

years later (1672) in many ways is astonishingly precise in explaining female sexual function and human repro-

duction. As to the function of the ovaries (right) the “Graafian follicles” were named after him. 

REGNIER DE GRAAF II
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The famous surgeon and anatomist John Hunter (1728-1793) from London is well-known for his contributions

on venereal diseases, the prostate and urethral strictures. He also dedicated an interesting chapter on impotence

in his book “A Treatise on the Venereal Disease” (1786) in which he clearly defined an impotence depending on

the mind and an organic impotence as “from want of proper correspondence between the actions of the different

organs”. 

JOHN HUNTER 

Clitoridectomy, a part of female circumcision in many African and Eastern cultures, was also performed by cer-

tain doctors in Western society mainly in the 19th century in order to cure the serious consequences of mastur-

bation in women. The main protagonist was the gynecologist Isaac Baker Brown (1812-1873) from London who

started this procedure in 1859 and published his results in 47 patients in 1866. One year later he was dismissed

from the fellowship of the Obstetrical Society of London. 

FEMALE GENITAL MUTILATION IN VICTORIAN TIMES

The clinical features of this disorder have already been described adequately in the article “On the climacteric
disease” from 1813 by Sir Henry Halford (1766-1844) from London. One of his statements is the following: “…I

will venture to question, whether it be not, in truth, a disease rather than a mere declension of strength and decay

of the natural powers.” Halford seems to be the first to connect the term “climacteric” with the symptoms obser-

ved in some men aged between 50 and 75 years. 

THE AGING MALE IN 1813 !
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In 1863 the German physiologist Conrad Eckhard (1822-1905) from Giessen published his results on ani-

mal experiments inducing penile erections by applying electrical stimulation at different levels of the ner-

vous system. More detailed contributions were made by J.N. Langley and H.K. Anderson from England in

the mid 1890’s.

FIRST NEUROPHYSIOLOGIC EXPERIMENTS ON ERECTION

In 1873 the Italian physician Francesco Parona (1842-1907) injected the varicous dorsal penile vein of an impo-

tent young patient with hypertonic saline in order to cause sclerosis and by this reduce the excessive venous out-

flow (left). More then two decades after this first case report several American doctors started performing sur-

gical dorsal vein ligation or resection as e.g. Frank Lydston in 1908 (right). 

FRANCESCO PARONA

The famous self-experiment of the French physiologist Charles Edouard Brown-Séquard (1817-1894) at the age

of 72 years with several subcutaneous injections of a mixture of blood from the testicular veins, semen and juice

extracted from crushed testicles of young and vigorous dogs and guinea pigs in 1889 was a first milestone of

androgen therapy in the aging male although his “pharmaceutical” prescription must have been equivalent to a

placebo.

THE BIRTH OF ANDROGEN THERAPY
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In 1896 (left) the chemist Leopold Spiegel (1865-1927) from Berlin performed chemical characterization of

yohimbine from the bark of the African yohimbe tree. He was well aware of the aphrodisiac effect that the bark

was said to have in its country of origin and clinical application followed immediately in Europe. Spiegel paten-

ted his chemical discovery in the UK in 1900 (right).

THE FIRST ORAL DRUG FOR ERECTILE DYSFUNCTION

Through the discovery and development of the psychoanalysis as an important psychotherapeutic school Sig-

mund Freud (1856-1939) from Vienna had great influence on sexual medicine. The essay with the remarkable

title ”Über die allgemeinste Erniedrigung des Liebeslebens” (The most prevalent form of degradation in erotic

life) was published in 1912 and is one of the few publications in which Freud deals directly with male erection

disorders.  

ERECTILE DISORDERS AND PSYCHOANALYSIS

Homosexuality, also addressed as the “Third Gender” in modern times (left, lay press publication against homo-

sexuality from 1904), is documented in most cultures at all times but scientific interest in this issue only deve-

loped at the end of the 19th century. In 1897 the German sexologist Magnus Hirschfeld (1868-1935) founded

the “Wissenschaftliche-humanitäre Comitée” (scientific-humanitarian committee) dedicated to the study of

homosexuality and edited a related yearbook (right). 

HOMOSEXUALITY AND THE “THIRD GENDER”
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The curative application of negative pressure to different parts of the body was well established in 19th century

medicine (left). The American physician John King was the first to suggest a continuous and repeated applica-

tion of a vacuum device to the penis for the cure of impotence in 1874. Finally, the Viennese physician Otto

Lederer (1872-1944/45) made the significant improvement of adding a compression ring to the use of the

vacuum device to facilitate an on-demand erection in 1913 (right); long before Geddings D. Osbon constructed

his device in 1960.

VACUUM DEVICES FOR THE TREATMENT OF ERECTILE DYSFUNCTION

At the turn of the century the physiologist Eugen Steinach (1861-1944) from Vienna started animal experiments

to study the sexual differentiation of the organism and the hormonal function of the gonads. Later he postulated

that an increased hormonal production follows the cessation of the secretory output of the gonads after surgical

ligation of the seminal ducts. In the 1920`s Steinach´s "autoplastic" treatment of aging., i.e. vasoligation, beca-

me very popular and was performed by many surgeons worldwide

REJUVENATION I

At the beginning of the 20th century the transplantation or implantation of either human or animal testicular tis-

sue was another appealing form of androgen therapy in hypogonadal and aging males. The most important pro-

tagonist in Europe during the 1920’s was the Russian Serge Voronoff (1866-1951) who worked in Paris and

transplanted sliced monkey glands in hundreds of his patients who visited him from all over the world. Accor-

ding to his reports, hormonal secretion lasted for about one or two years and was then slowly decreasing due to

fibrosis of the grafted tissue. 

REJUVENATION II
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Since the early 1930´s Oswald S. Lowsley (1884-1955) from New York was the main protagonist of surgical

treatment for corporoveno-occlusive dysfunction. He combined simple dorsal vein plication with a surgically

more advanced perineal crural technique in which he plicated the bulbocavernous and ischiocavernous muscles

with several mattress sutures. 

SURGICAL TREATMENT OF ERECTILE DYSFUNCTION

In 1919 Magnus Hirschfeld (left, 1868-1935) established the “Institut für Sexualwissenschaften” (right) in Ber-

lin. It was the first center of public information and education, treatment of patients and scientific research. Many

scientist worked at the institute, e.g. Felix Abraham and Ludwig Levy-Lenz (transsexual surgery), Arthur Kron-

feld (psychiatrist) and Bernhard Schapiro (first hormonal treatment of cryptorchidism). Due to the political cir-

cumstances Hirschfeld left Germany in 1930 and the institute was plundered and the library destroyed by the

Nazis in 1933.

THE INSTITUTE OF SEXOLOGY IN BERLIN

In 1931 Felix Abraham (left), a physician at the Hirschfeld Institute in Berlin, published the first scientific report

on two complete male-to-female transsexual operations including penectomy, orchiectomy, and the creation of

a neovagina with a Thiersch’s graft (right). After the war in 1952 the American Christine Jorgensen underwent

sex-change surgery in Denmark and although she was not the first patient this caused a sensational media circus

and public awareness of transsexualism.

THE SURGICAL MANAGEMENT OF MALE-TO-FEMALE TRANSSEXUALISM
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The first penile implant to facilitate an erection was used in a phalloplasty procedure performed by the Russian

surgeon Nikolaj A. Bogaraz (1874-1952) in 1936. He used the patient´s rip cartilage and in later years he even

performed this operation in patients with morphologic intact penis but suffering from erectile dysfunction. 

THE FIRST PENILE IMPLANT !

The biologist Alfred Charles Kinsey (1894-1956) from Bloomington, Indiana performed the the first epidemio-

logic study on human sexuality collecting sexual histories from a large number of men and women, resulting in

a final sample of around 18,000. The two volumes “Sexual Behavior in the Human Male” (1948) and “Sexual
Behavior in the Human Female” (1953) are milestones in the literature on the anatomy, physiology and psy-

chology of human sexuality.

THE KINSEY REPORT

In 1948 the French surgeon René Leriche (1879-1955) firstly mentioned arterial vascular impotence in throm-

botic obliteration of the aortic bifurcation, a syndrome he had already described in detail in the 1920’s and which

today is named after him. During the following time several strategies were outlined to save or reconstruct the

internal iliac artery during abdomino-pelvic vascular surgery to maintain or restore erectile function.

ERECTILE DYSFUNCTION DUE TO ARTERIAL VASCULAR OCCLUSION
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With his biochemical research, as outlined in the paper “Fractionation and characterization of a cyclic adenine
ribonucleotide formed by tissue” from 1958, the American Earl W. Sutherland (1915-1974) discovered the phy-

siological significance of cyclic nucleotides in the regulation of cell and tissue function. This basic knowledge

– for which he  was awarded the Nobel Prize in Medicine and Physiology in 1971 – was also fundamental for

the understanding of the first effective oral treatment of ED at the end of the 20th century.  

THE BIOCHEMICAL BASIS OF PDE-5-INHIBITORS

"There is no such entity as an uninvolved partner in a marriage contending with any form of sexual inadequa-

cy." The therapeutic approaches used by Masters and Johnson are oriented towards therapy of the "marital-unit",

i.e. the couple, with a strong component of exercising, rather than focussing on verbal aspects of therapy.

“Human Sexual Inadequacy” from 1970 is one of their milestone publications. 

WILLIAM H. MASTERS AND VIRGINIA E. JOHNSON: PRACTICAL SEX-THERAPY

The gynecologist Ernst Gräfenberg (1881-1957) from Germany was a pioneer of intrauterine devices since the

1920’s favoring a ring of coiled silver wire (right). He emigrated to New York in 1940, where he finally publi-

shed his milestone article on “The Role of Urethra in Female Orgasm” in 1950. The anatomical area described

by Gräfenberg was later named after him as the G-spot. 

THE G-SPOT
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In 1973 Václav Michal (left) from Prague reported the first microsurgical treatment of vascular ED by perfor-

ming a direct anastomosis of the inferior epigastric artery to the corpus cavernosum (right). In the 1980’s further

techniques were introduced by Michal himself, as well as by Ronald Virag from Paris and Dieter Hauri from

Zurich. 

MICROSURGICAL REVASCULARIZATION OF THE PENIS

The very breakthrough of penile implant surgery was initiated by F. Brantley Scott (left) from Houston, Texas,

together with his colleagues William E. Bradley and Gerald W. Timm when they implanted the first silicone

inflatable device (right) on February 2nd, 1973. 

INFLATABLE PENILE IMPLANTS

The French vascular surgeon Ronald Virag (left) from Paris discovered the proerectile effect of the vasoactive

drug papaverine when injected into the corpus cavernosum in 1982 (right). The injection of phenoxybenzamine

was suggested by Giles S. Brindley from London the following year and Adrian W. Zorgniotti from New York

introduced drug combination of papaverine and phentolamine in 1985

INTRACAVERNOUS INJECTION THERAPY FOR ERECTILE DYSFUNCTION
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The average length of the human male pendulous

penis is 8.8 cm flaccid, 12.4 cm stretched and 12.9

cm erect with neither patient age nor size of the flac-

cid penis accurately predicting erectile length [1] In

another study, erect penile length varied from 10-

20 cm with an erect thickness of 3-5 cm [2]. The

penis is composed of three bodies of erectile tissue;

the corpus spongiosum, encompassing the urethra

and terminating in the glans penis; and the two cor-

pora cavernosa which function as blood-filled capa-

citors; providing structure to the erect organ [3-5]. In

this section we will discuss the anatomical composi-

tion of the three erectile tissues of the penis, the

nerve and blood supply and the connective tissue and

fascia which together make up the intact penis.

The corpora cavernosa are a unique vascular bed

consisting of sinuses (the trabeculae) whose arterial

blood supply arises from the resistance helicine arte-

ries (figure 1); which in turn are fed from the deep

penile cavernosal artery [3-5] The trabeculae are

drained by the subtunical venules that coalesce to

form the emissary venules which in turn communi-

cate with the cavernosal veins (figure 2). The penile

arterial and venous supply are discussed in greater

detail below. The trabeculae, while arterially fed,

have measured blood PO2 of 20-40 mmHg when the

penis is in the flaccid state [6-8]. This venous-like

flaccid blood PO2 increases upon erection with dila-

tion of the helicine arterioles to 90-100 mmHg [6]

and these changes in oxygen tension directly impact

both the physiologic function and trabecular structu-

re of the corpora cavernosa (see pathophysiology

section below) [9,10]. Histologically, the corpora are

A. ANATOMY
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Figure 1 : Scanning electron microscopic study of a cast of

penile microcirculation. It shows an helicine artery opening

directly into a lacunar space. Helicine arteries regulate the

amount of blood entering into the lacunar spaces acting as

resistance vessels. After the proper stimulus, the muscle sur-

rounding the artery relaxes, increasing the blood flow and

pressure delivered to the lacunar spaces. (Courtesy of Dr.

Yoshiaki Banya).

Figure 2 :Scanning electron microscopic study of the

venous system of the corpus cavernosum. A dense plexus of

venules that drain the lacunar spaces can be seen beneath

the tunica albuginea. This veins coalesce to form the emis-

sary veins. (Courtesy of Dr. Yoshiaki Banya).



composed primarily of trabecular smooth muscle

(40%-50%) and connective tissue (~50%-45%) with

endothelium, fibroblasts, and nerves [3-5,9]. The

corpora are separated in the pendulous penis by an

incomplete septum and proximally separate into two

individual corpora, terminating in the paired crura

which directly attach to the ischiopubic ramus. This

latter structure is particularly susceptible to pelvic

trauma [11] and x-radiation during wide beam thera-

py for prostate cancer (see iatrogenic causes of erec-

tile dysfunction below) [12]. Crural leakage can

result in a dysfunctional veno-occlusive mechanism

and erectile dysfunction [11]

The tunica albuginea is a multilayered structure of

inner circular and outer longitudinal layers of

connective tissue encompassing the paired corpora

cavernosa [13-15]. An incomplete septum separates

the two corpora cavernosa and anchors into the cir-

cular inner layer of the tunica albuginea. In the distal

pendulous penis, intracavernous pillars anchor the

tunica across the corpora cavernosa at the two- and

six-o’clock positions with minor struts branching off

of these pillars at the five- and seven-o’clock posi-

tions [15] It has been demonstrated that tunical thick-

ness varies from 1.5 to 3 mm thick depending on the

circular position around the tunica [13-15] The lon-

gitudinal outer layer which provides strength to the

tunica albuginea is absent at the six-o’clock position

where the corpus spongiosum fits in the indentation

between the two corpora cavernosa [15] It has been

proposed that this design allows unrestricted expan-

sion of the corpus spongiosum such that ejaculation

is unimpeded during penile erection [15] The longi-

tudinal layer is also thinnest at the three- and nine-

o’clock positions, consistent with the greatest num-

ber of traumatic penile fractures in those positions

[14]. The tunica albuginea is composed of fibrillar

(mainly type I but also type III) collagen in organi-

zed arrays interlaced with elastin fibers [15]. While

collagen has a greater tensile strength than steel, it is

unyielding. In contrast, elastin can be stretched up to

150% of its length [15]. It is the elastin content that

allows the compliance of the tunica albuginea and

helps to determine stretched penile length [16]

Disorganization of the circular or longitudinal layers

in the tunica as well as disruption of elastin or a

decrease in elastin content can result in penile defor-

mities during erection as well as erectile dysfunction.

Further, damage to the tunica albuginea can result in

site-specific leakage or undermining of the draining

tunical venules [17]. 

The corpus spongiosum has a similar histologic

appearance to the corpus cavernosum in that it is a

spongy erectile tissue, but this erectile tissue does

not provide structure to the erection. The intraspon-

giosal pressures are one-third to one-half that of the

corpora cavernosa; an advantage in that this lower

pressure may prevent urethral blockage during eja-

culation [5]. This may also be the reason for the

absence of longitudinal tunical fibers in the six-

o’clock position of the tunica albuginea, such that

the urethra is not restricted during ejaculation [15]. 

Three sets of peripheral nerves have a role in erecti-

le function: thoracolumbar sympathetic, sacral para-

sympathetic, and sacral somatic (figure 3). The pel-

vic plexus (occasionally referred to as the inferior

hypogastric plexus in humans) found in the pelvic

fascia on either side of the lower genitourinary tract

and the rectum is also a very important site for the

integration of autonomic input to the penis via the

cavernous nerves (see below). The efferent limb ori-

ginates in the parasympathetic center in the sacral

cord, which contributes fibers to the pelvic nerve that

enters the cavernosal tissue as the cavernous nerves.

Careful attention to preserving these nerve tracts has

gained importance in radical pelvic cancer surgery in

the potent patient. 

In the brain, several regions modulate the psychoge-

nic component of erection, including the thalamic

nuclei, the rhinencephalon, and the limbic structures,

with integration of these various areas occurring in

the preoptic anterior hypothalamic area [18]. Input

from the brain involves descending spinal pathways

and is relayed through both lumbar sympathetic and

sacral parasympathetic outflows to the penis. Anti-
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erectile sympathetic efferent pathways arise in para-

vertebral sympathetic chain ganglia and course to the

penis primarily through hypogastric and pudendal

nerves. Physiologic studies and the presence of cho-

linergic nerves in the cavernous tissue implicate the

parasympathetic nervous system as the primary

effector of penile erection. The neurophysiology of

erection is dealt with in greater detail elsewhere in

this volume.

Neural innervation of the penis may be divided into

autonomic (parasympathetic and sympathetic) and

somatic (sensory and motor) [3,5,18]. Parasympathe-

tic preganglionic fibers originate from the second to

fourth sacral vertebra and proceed to the pelvic or

hypogastric plexus. This plexus serves as a relay sta-

tion for preganglionic and postganglionic fibers to

the penis. The cavernous nerve begins at the pelvic

plexus and travels through the pelvic fascia to the

prostatic capsule where it goes across the posterola-

teral aspect of the prostate. Distal to the membranous

urethra, branches of the cavernous nerve penetrate

the tunica albuginea of the corpus spongiosum.

Other branches enter the crura of the corpus caver-

nosa along the pudendal artery and exiting cavernous

veins. The remaining branches proceed down the

dorsal nerve to innervate distal portions of the penis.

Sympathetic preganglionic fibers arise preganglionic

neurons from ninth thoracic and fourth lumbar verte-

bra. These neurons interface with sympathetic chain

neurons at level of the spinal cord and proceed

downward to the superior hypogastric plexus. This

plexus divides into the right and left hypogastric

nerve. One of these branches then interfaces with the

pelvic plexus. Sensory stimuli elicited in the glans,

penile, and other perineal and inguinal areas are ori-

ginated in sensory receptors whose nerve fibers

converge to form the dorsal nerve of the penis. This

nerve joins other pelvic nerves to become the inter-

nal pudendal nerve, ascending to the dorsal root of

the second, third and fourth sacral vertebra. are even-

tually carried by the dorsal penile and other sensory

nerves to the sacral spinal cord via the pudendal

nerve. Motor innervation of the penis derives form

the second, third and fourth sacral vertebra within

the sacral nerves which lead to the pudendal nerve

and the bulbocavernous and ischiocavernous

muscles. Contraction of the later muscle is important

in the rigid erection phase by constriction and com-

pression of the corpora cavernosa while rhythmic

contraction of the bulbocavernous muscle is impor-

tant for the expelling of semen during ejaculation

[3,5,18] 

The arterial blood supply of the penis is primarily

via the hypogastric artery [3-5] (figure 4). The inter-

nal pudendal artery branches off of the hypogastric

artery and proceeds through Alcock’s canal beco-

ming the common penile artery. However, accessory

internal pudendal arteries arising from the obturator

or other pelvic arteries are not uncommon. The inter-

nal pudendal artery splits into the bulbourethral, dor-

sal, and cavernosal arteries. The bulbourethral artery

supplies the urethra and the glans while the caverno-

sal arteries enter the corpora cavernosa at a point

where the two crura converge. As the cavernosal

arteries proceed proximally, they lie in the middle of

the corporal bodies. The cavernosal arteries give rise

to the helicine resistance arterioles which in turn feed

the individual trabeculae. The paired dorsal penile

arteries proceed down the penis in the eleven- and

one-o’clock positions along with the dorsal nerves

and supply superficial structures in the penis as well

as potentially supplying the corpora cavernosa via

circumflex arteries. Thus the dorsal penile artery can

supply the cavernous tissue with multiple branches

along the shaft of the penis as normal variant. There

also can be rich anastomotic networks of vessels bet-

ween the arteries of the pelvic area, and one side may

also supply both corporeal spaces as a normal

variant.
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The venous drainage system of the penis occurs on

three levels: superficial, intermediate, and deep [3-

5]. The superficial venous system, which lies above

Buck's fascia and primarily drains the penile skin,

can also have anastomotic connections to the deep

dorsal vein. This superficial system drains into the

femoral vein via the saphenous and the external

pudendal veins. The intermediate system consists of

the deep dorsal and circumflex veins. The trabeculae

of the corpora cavernosa drain into a system of sub-

tunical venules that coalesce on the outer surface of

the cavernous tissue just beneath the tunica albugi-

nea of the corpus cavernosum [3-5]. These venules

form a number of veins transversing the tunica albu-

ginea called emissary veins which usually drain into

the circumflex veins on the outer surface of the tuni-

ca albuginea. The circumflex veins in turn drain into

the deep dorsal vein of the penis shaft between the

dorsal arteries lying usually just laterally adjacent,

all beneath Buck's fascia. Occasionally, the deep dor-

sal vein consists of more than one trunk on the most

distal shaft of the penis, and occasionally the deep

dorsal vein receives direct emissary veins from the

cavernous tissue in the dorsal midline. The deep dor-

sal vein near the glans penis also is initially constitu-

ted by numerous trunks from the glans and many of

the circumflex vessels anastomosis with small tribu-

taries from the spongiosum. The deep dorsal vein in

the infrapubic region (where it can also receive tri-

butaries from the prepubic fat) usually consists of

one trunk that drains into the pelvic preprostatic

venous plexus or the internal pudendal veins. The

deep penile drainage system consists of the caverno-

sal and/or crural veins that drain the deeper caver-

nous tissue. The cavernosal veins are in fact exten-

sions of emissary veins from the infrapubic caver-

nous tissue that drain directly into the pelvic plexus

or the deep dorsal vein in the deep infrapubic area.

The crural veins are direct emissary veins from the

antero- to posterolateral surface of the crura of the

cavernous tissue that usually drains into the internal

pudendal veins or the pelvic plexus. 

The penile skin is continuous with that of the abdo-

minal wall and continues over the glans penis as the

prepuce to reattach at the coronal sulcus [4]. The

underlying Colles’ fascia is continuous with Scarpa’s

fascia of the lower abdominal wall. The deep layer of

penile fascia, Buck’s fascia, covers both corpora

cavernosa and the corpus spongiosum in separate

fascial compartments. This fascia layer has a dense

connective tissue structure and is attached proximal-

ly to the perineal membrane and distally to the coro-

nal sulcus where it fuses with the corpora cavernosa.

Buck’s fascia gives rise to the suspensory ligament

of the penis which attaches to the pubic symphysis.

Colles’ fascia also gives rise to the fundiform liga-

ment which, superior to the suspensory ligament,

attaches to the public symphysis as well. Both of

these ligaments are important in maintaining penile

position during erection. The bulbocavernosal and

ischiocavernosal muscles are inferior to Colles’ fas-

cia but superior to Buck’s fascia. 

Lymphatic draining of the penile skin and prepuce

proceeds towards the presymphyseal plexus where

they divide right and left joining the lymphatics from

scrotum and perineum [4]. Here they travel along

with the external pudendal blood vessels to junction

with the superficial inguinal lymph nodes. The lym-

phatics of the penile glans and urethra drain via the

deep inguinal and presymphyseal lymph nodes and

occasionally drain into the external iliac lymph

nodes [4]. 

1. OVERALL ORGANIZATION

The study of the neurophysiology of human sexual

response has progressed steadily but it is a vast and

complex subject. The knowledge of central nervous

system (CNS) control of sexual function appears to

lag far behind the understanding of local physiologi-

cal, biochemical, genomic processes. The understan-

ding of disease and treatment in the CNS aspects of

sexual function is correspondingly in its infancy.

However, while there should be an acute awareness

of these current limitations, there should be no doubt

that it is in the CNS that the keys to improving many

dimensions of sexual response will be found. There

is currently a realization of the parallels between vas-

cular and endothelial disease and erectile dysfunc-

tion and its implications for therapy. It has taken per-

haps 10 years for these parallels to reach the mains-

tream of thinking in ED. So, when the diagnostic and

therapeutic tools become available it will be possible

I. REGULATION OF PENILE EREC-

TION BY THE CENTRAL NERVOUS

SYSTEM

B. PHYSIOLOGY OF

ERECTILE FUNCTION
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to understand the essential elements of CNS involve-

ment and incorporation of its management will joint

the mainstream.

There are many primary sources that piece together

these complex CNS systems. Most are derived from

animal modeling which increases the detail while

decreasing the direct applicability of the information

to the human situation. Especially in the area of

sexuality the complexity of human sexual response

places some severe limitations on the relevance of

animal studies. A few excellent detailed reviews of

the neural substrates of female [19] and male [20]

sexual function are available.

There are a number of models that can be construc-

ted to explain the CNS and sex – the finer the reso-

lution the greater the complexity and the greater the

uncertainty. The neural control of sexual function

including penile erection and female genital arousal

may, on a practical basis, be conceptualized into

three main areas: local neural pathways, midbrain

and spinal cord pathways, and higher brain centers.

Local neural pathways incorporate genital and pelvic

nerves and plexi (parasympathetic, sympathetic and

sensory). The emphasis in these is in ‘cable’ function

– the connection of genital structures with central

organization and control. Within these there is limi-

ted self regulation of the signal for instance by feed-

back loops. Although at many points there is ample

opportunity to change the signaling in local neural

pathways through pharmacological, hormonal or

traumatic/surgical means. In the midbrain and spinal

cord there are many complex pathways with extensi-

ve interconnections and many possibilities for signal

modulation or conditioning. It is through the spinal

cord that reflexive erections can take place. The

coordination of genital, hemodynamic, erectile and

ejaculatory responses depends on the midbrain and

spinal cord. Higher brain centers provide the aware-

ness, the sensory and motor function, the image-

ry/memory, the strategy – the highs and lows of

human sexual response.

2. LOCAL NEURAL PATHWAYS

Clitoral and vaginal responses and erections occur

through motor efferents that originate in the sacral

parasympathetic center and pass through the pelvis

as the pelvic nerves (preganglionic neurons from the

intermediolateral cell column through S2, 3 and 4).

These neurons together with fibers from the inferior

hypogastric (sympathetic) nerves form the pelvic

plexus. This major pelvic ganglion, also called the

paracervical ganglion or the uterine cervical gan-

glion, innervates the pelvic organs including the cli-

toris, penis, vagina, urethra and bladder. The caver-

nous nerves are postganglionic mixed parasympathe-

tic and sympathetic and supply the erectile tissue. A

simple demonstration of the efferent circuit in

females is the increase in vaginal blood flow seen

following pelvic plexus nerve stimulation [21].

There is a more generalized distribution to the pelvic

viscera from the pelvic plexus that may account for

the regulation of pelvic pre-penile, pre-vaginal and

pre-clitoral resistance vessels and possibly the cross

talk between genital and bladder/prostate function

and dysfunction. This wider distribution is also

important in that there are multiple pathways by

which vasodilator fibers reach the penis in the rat

which suggests that if a similar situation exists in

man the two cavernous nerve ‘telephone cable’

model of penile vasodilator innervation may be a

simplification [22]. The pudendal nerve innervates

the striated muscles of the pelvis including sphinc-

ters in a very similar pattern in males and females.

The lumbar spinal cord provides the origin for these

nerves and the numbers of motoneurons is roughly

proportional to the muscle bulk.

The afferent arc consists of sensory receptors in

penile skin connecting through the dorsal nerve of

the penis to the pudendal nerve and then the sacral

cord. The female equivalent, clitoral skin, perineum

and urethra, connect through the pudendal nerve

also. There are pelvic and hypogastric nerve sensory

fibers from the internal pelvic organs (vagina, uterus

and prostate). Within the spinal cord the pudendal

afferents are medial whereas the other afferents ter-

minate in the dorsal horn and dorsal grey commissu-

re. Evidence from spinal cord injured women in par-

ticular suggests that vagus nerves can convey genital

sensory input directly to the brain in women [23].

This concept is supported by animal studies and sug-

gests the presence of at least 4 distinct pathways for

the communication of genital signals in women: Cli-

toral, perineal and inner thigh via the pudendal

nerves, cervix and proximal three fifths of the uterus

via the hypogastric nerve, vagina, cervix, and per-

ineal skin via the pelvic nerves, and cervical and

deep pelvic via the vagus.

Both hormones and age should intuitively be expec-

ted to impact significantly on the peripheral innerva-

tion of genital structures – as well as on other com-

ponents of the pathways supporting sexual function.

Sex hormones have potent effects on the structure of

many pelvic ganglion cells. There may be complex

interactions between steroid effects, notably testoste-
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rone and nerve growth factors in maintaining neuro-

nal structure and function in vivo [24]. Age has been

shown experimentally to induce degenerative

changes in the pelvic nerves. The sympathetic and

parasympathetic preganglionic neuronal populations

change in aged rats differentially [25].

2. MIDBRAIN AND SPINAL CORD

The first level of reflex organization for signals sup-

porting sexual function is in the lumbar spinal cord.

Nerve tracing studies using neurotropic viruses

clearly show that pelvic and sexual reflexes depend

on the central grey region for coordination and gene-

ration of sexual responses including erection, arousal

and orgasm [26].

Using the local neural connections (efferent and affe-

rent), and including the vital spinal cord connections,

there are a number of examples of spinal reflexes.

These may be activated by pudendal (penile or clito-

ral skin) and the bulbocavernous reflex (BCR) is an

obvious example. Stimulation of the glans penis

evokes a contraction in the bulbocavernosus muscles

and the equivalent in the female manifests as

contraction of elements of the pelvic floor [27]. Sti-

mulation of the clitoris and vagina inhibits bladder

activity – a response appropriate to sexual activity

[28].

These spinal reflexes can be vitally regulated by des-

cending signals from the midbrain and higher cen-

ters. Spinal reflexes rest in an inhibited state – the

efferent side is tonically directed to non-sexual func-

tion (flaccidity, lack of engorgement, baseline lubri-

cation). Local sensory input and descending spinal

signals can change the balance and activate a pro-

sexual cascade of parasympathetic activity, reduced

sympathetic activity and somatic muscular support.

The preference for particular pathways and compo-

nents of the diffuse innervation in the periphery with

types of stimulation is not fully worked out. For ins-

tance experimentally it can be shown that reflexive

erections can be modulated by learning and opportu-

nity (here correctly labeled ‘psychogenic’) and that

this modulation does not depend on the hypogastric

nerves [29].

A critical recent addition to the understanding of the

importance of spinal events in sexual function comes

from a study where a population of lumbar spinotha-

lamic cells has been found to be essential in the

generation of ejaculatory behavior [30]. These cells,

which express neurokinin-1, relay ejaculation-rela-

ted signals from reproductive organs to the brain. If

this population of cells is destroyed no aspects of

sexual behavior other than ejaculation are altered.

Further work is needed to establish the human impli-

cations of this concept and how central and periphe-

ral efferent and sensory signals integrate with the

experience of ejaculation.

Sensory information is conveyed cephalad through

spinothalamic (fast fibers serving the penis and clito-

ris), spinoreticular (slower) and vagal (extra spinal)

pathways. Electrophysiological studies have revea-

led that the thalamus has significant inputs from the

male genitalia that are relevant to various aspects of

penile sensation associated with sexual response

[31].

The nucleus paragigantocellularis (nPG) receives

ascending sensory input [32] and also has neurons

that innervate the penis [33]. The nPG appears to

have a role in orgasm but is not vital to erection. The

most common neurotransmitter identified through

staining techniques in the nPG is serotonin. The

nPG, in common with other central sites of sexual

function is not exclusively employed in regulating

sexual response. In fact the major output from the

midbrain that effects sexual response is autonomic

and it is appropriate that sites that regulate cardiores-

piratory homeostasis and other pelvic functions that

are also autonomic should be found in the same

regions.

One such region is the periaqueductal gray (PAG)

and this area has a large number of connections with

hypothalamic sites involved in sexual response [34].

The paraventricular nucleus (PVN) has a major role

in controlling genital responses. PVN neurons send

direct projections via the nPG onto neurons that

innervate the penis [35]. The PVN has direct projec-

tions to pelvic and autonomic efferents and is reci-

procally connected to the medial pre-optic area

(MPOA). Experiments indicate that penile erections,

associated with the largely dopaminergic, and oxyto-

cinergic, receptor population of the PVN, are elimi-

nated by lesioning [36]. PVN activation has also

been shown to be critical in models of female res-

ponse [37].

The MPOA has been shown in many studies to have

a vital role in controlling sexual behavior (in addition

to blood pressure and respiratory control) and is well

connected through reciprocal links with the nPG and

PAG. Much of this pathway has been shown to have

the potential for sex hormone modulation [38]. Neu-

rons in the MPOA have been shown to regulate

timing aspects of female rat copulatory behavior
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[39]. The MPOA likely does not regulate motivation

of performance but may have a critical role in mate

selection.

3. HIGHER BRAIN CENTERS

Behavioral studies in rats combined with stereotactic

lesioning and direct brain injection studies have

shown that the medial amygdala has a role in acqui-

sition and recognition of an appropriate partner and

sexual arousal [40]. Simple peptide neurotransmit-

ters, vasopressin and oxytocin, are closely associated

with these mechanisms.

The impact of imagination on human sexual beha-

vior has been measured. In healthy middle and older

married couples imagination (about other women),

wife’s desire for sex and erectile competence were

universal determinants of sexual activity [41]. Ima-

gination, known as creative-dynamic image synthe-

sis (CDIS), has been compared with the benefit of

yohimbine and placebo in men with erectile dys-

function of no evident organic cause [42]. Measures

of potency were found to improve more with CDIS

than with yohimbine or placebo. In many men,

enhancing the central pro-erectile signal, by enhan-

ced imagination or pharmacological means will rea-

sonably be expected to enhance the erection. More

neural signal at the level of the peripheral vasculatu-

re causes better erection as is seen in post-prostatec-

tomy patients (where 2 nervi erigentes are better than

one or none), reversible nerve lesioning experiments

and with graded stimulation (imagination < VSS <

vibratory stimulation) [43].

The four major categories of sexual stimulus have

been said to be tactile sensation, visual input, imagi-

nation and olfactory input. The effects of male,

female and neutral fragrance on provoked sexual res-

ponse in women have been assessed. Erotic fantasy

was enhanced by male scent during the follicular

phase – and these effects occurred independent of

any effects on mood [44].

Functional magnetic resonance imaging (fMRI) and

derivative techniques have assisted in identifying

areas of the brain relevant to sexual function (figure

5). Sexual (pleasant) imagery is primarily associated

with activation in the dominant or L > R brain hemis-

phere [45]. Visual sexual stimulation (VSS) activates

the occipital cortex, inferior frontal lobe, cingulate

gyrus, insula gyrus, corpus callosum, thalamus, cau-

date nucleus, globus pallidus, and inferior temporal

lobe. Other studies have shown evidence of activa-

tion associated with penile tumescence in the right

sub-insular region including the claustrum, left cau-

date and putamen, right middle occipital and middle

temporal gyri, bilateral cingulate gyrus, right senso-

rimotor and pre-motor regions and in the right hypo-

thalamus [46]. PET and MRI techniques show acti-

vation of the somatosensory thalamus and in the

region of the nucleus of the solitary tract, which is

the brainstem nucleus to which the vagus nerves pro-

ject. This can be seen in women with complete SCI

at the midthoracic level suggesting that vagus nerves

can convey genital sensory input directly to the brain

in women [23].

The new technologies that enable the mapping of
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human sexual response in the brain will assist in the

visualization of abnormal responses, the classifica-

tion of the CNS states that contribute to sexual dys-

function and the documentation of the impact of the-

rapies.

4. CNS NEUROTRANSMITTERS

The complexity of the types and subtypes of neuro-

transmitters that have potential involvement in

sexual function is vast and increasing. There are rea-

sonably established roles for a few that are currently

clinically important. Dopamine (DA) clearly has a

role in the PVN and MPOA in facilitating erections

and there may be activity in the spinal cord. Increa-

sed levels of dopamine in the MPOA increase both

reflexive and noncontact erections in rodents [47].

Human evidence of the effects of dopamine agonism

in the erectile pathway derives from clinical trial res-

ponses to sub-lingual apomorphine [48]. Centrally

and experimentally, dopamine also has an impact on

the perception of reward (more is better) and the

implications of this in the context of sexual pleasure

or reward in human males and females are not yet

fully investigated although apomorphine has no

impact on conventional measures of male sexual

desire in men with normal desire [49].

In general terms, DA is supportive of copulation and

5-HT is inhibitory. DA is released in the MPOA at

the time of ejaculation (5-HT is not) and changes in

DA and 5-HT in different areas of the brain may pro-

mote copulation and sexual satiety, respectively [50].

Testosterone enhances DA release in the MPOA at

rest and with sexual challenge possibly by upregula-

ting NOS, which increases NO thereby increasing

DA release. The same pattern of copulatory activity

promoting DA release in the MPOA and the enhan-

ced effect of the presence of sex hormones is seen in

female rats. Longer lasting changes may be seen

through the post-copulatory effects of gene expres-

sion and this expression increases with increased

sexual experience – effectively changing the pheno-

type of certain cells in sexually experienced animals.

Cells of the MPOA have high densities of α2-nora-

drenergic receptors, as well as DA receptors and the

effects of DA in the MPOA are most likely facilita-

ted by the activation of α2 (inhibition) and α1 (exci-

tation) adrenoceptors due to cross talk within CNS

catecholamine systems [51].

Gamma aminobutyric acid (GABA) activity in the

paraventricular nucleus provides a mechanism to

balance (inhibit) pro-erectile signaling [52].

GABAergic (A) receptor agonism in the PVN can

reduce both pharmacologically (apomorphine) and

physiologically induced (NCE) erections.

Serotonin (5-HT) and thyrotropin-releasing hormone

(TRH) are other candidates for inhibitory control.

Both 5-HT and TRH (intrathecal) exhibit inhibitory

effects on penile erection through common or paral-

lel sets of neurons [53]. 5-HT and TRH activity

modulation may therefore be expected to have poten-

tial benefit for erectile function if suitable com-

pounds and routes of delivery can be found.

Oxytocin is well known to be associated with repro-

ductive and erectile pathways and has been shown to

be capable of inducing erection when introduced into

the hippocampus (rat). Intracavernous (systemic)

oxytocin is not effective [54]. The potential for oxy-

tocinergic compounds that cross the blood-brain bar-

rier and can be delivered readily has yet to be fully

explored.

The expression of inducible NO synthase (iNOS)

increases with age in the PVN and MPOA and in

regions known to control the synthesis and release of

gonadotropin releasing hormone (GnRH) and oxyto-

cin. iNOS, and hence increased NO, may impact

serum testosterone, spermatogenesis, and copulatory

function in the aging male animal [55].

Nitric oxide (NO) is a physiological mediator of

penile erection at the level of the paraventricular

nucleus of the hypothalamus [56] and at other levels

of the neural pathway supporting sexual response.

The presence of NO and the soluble guanylyl cycla-

se needed to generate the second messenger cyclic

GMP (cGMP) are present throughout the human

brain. The NO/cGMP pathway is affected by aging in

the human brain and offers a potentially significant

but unexplored site for mediating the deleterious

effects of age on sexual function [57]. Testosterone

or its metabolite DHT down-regulates NO synthase

(NOS) activity and mRNA expression, and the num-

ber of neuronal NOS+ neurons [58]. Direct evidence

of the importance of NO in central signaling related

to erectile function resulted from a series of experi-

ments designed to alter CNS NO activity [59]. Mani-

pulation of NO or cGMP levels altered MPOA trig-

gered intracavernous pressure response through CNS

not peripheral mechanisms.

The melanocortins have relevance to central control

of sexual function and the MC4 receptor (MC4R)

appears to be most responsible for the stimulation of

penile erection (and appetite control). Small molecu-

le analogs active at the MC4R have been assessed
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and one such is the second modern centrally active

compound to enter formal human studies [60]. These

are believed to work through the familiar hypothala-

mic pathways.

Galanin, when administered by intracerbroventicular

injection to mice appeared to enhance motivational

aspects of sexual function. No other changes in

sexual performance were identified [61]. Further

investigation of the galanin system has failed to

reveal any important natural role.

5. MIND AND BRAIN

There is a convention of dividing erectile dysfunc-

tion into organic and psychogenic etiologies. There

are problems with this dichotomy because of its lack

of precision and its reliance on old concepts of mind

and body distinctions. There is now a good unders-

tanding of the neurobiology of psychological disor-

ders and the implication to the patient that it is all in

his mind is not helpful. Psychogenic has been misu-

sed to imply either the imaginary nature of the pro-

blem or that drugs have little or no role. Diagnosis by

exclusion denies this neurobiological understanding

and also limits the ‘organic’ label to only that which

is obvious and measurable by today’s methods. Since

the distinction between organic and psychogenic is

not clearly defined it is not testable and the distinc-

tion does not advance diagnosis, treatment or resear-

ch in ED. An alternative view, supported by the

Nomenclature Committee of the International Socie-

ty for Impotence and Sex Research , contrasts orga-

nic and situational ED, a class reserved for episodic

occurrences of ED clearly due to particular attributes

of sexual encounters. The organic category now

includes several of the causes of ED previously

thought to be psychogenic [62]. Looking forward

one can imagine that with the current level of sophis-

tication in science the understanding of neurobiolo-

gical disease will grow rapidly and with great diver-

sity at the same time as cardiovascular understanding

reaches many significant goals. This understanding

will have great implications for sexual dysfunction

management and the interface between sexual biolo-

gy and behavior [63].

6. ORGASM AND EJACULATION

The literature on the neurophysiological basis for

orgasm is scant. Probably on a cultural basis this is

one of the least discussed aspects of male human

sexual function. A majority of men still have little

understanding of the relative independence of erec-

tion and orgasm. The decline in parameters and

experience of orgasm and ejaculation with age is also

well established but little known to patients. At the

same time it is also an issue of pivotal importance to

the management of sexual problems in many

women. The physiological basis of aspects of sexual

function that have relevance to pleasure, not merely

procreation, will receive close attention now that the

study of female sexual dysfunction (FSD) is recei-

ving attention.

Orgasm is probably a spinal level reflex, it may per-

sist after spinal cord injury (SCI), although clearly

the appetitive and reward aspects of orgasm are

represented at much higher levels [64]. Genital sti-

mulation in animal models may produce a response

that simulates the rhythmic activity seen in orgasm

and this is associated with cavernous nerve activity.

The male and female orgasm have similar electro-

physiological appearances [65,66]. Positron emis-

sion tomography (PET) techniques (semi-quantitati-

ve 99mTc-HMPAO) have been applied to the study

of orgasm in healthy young men. Cerebral blood

flow decreases during orgasm except in the right pre-

frontal cortex, where the cerebral blood flow

increases [67].

Plasma prolactin (PRL) concentrations (but not tes-

tosterone) increase for about an hour following

orgasm (masturbation and intercourse) in both men

and women. The equivalent stimulation but without

orgasm leaves PRL levels within the normal, lower,

range [68]. In experimental and clinical conditions

elevated levels of PRL are frequently associated with

reductions in sexual activity. Thus the surge in PRL

post-orgasm may have a role in suppressing sexual

behavior through a feedback process that is systemic

but probably acts centrally - a PRL mediated neu-

roendocrine reproductive reflex. Orgasm increases

blood pressure, heart rate, plasma catecholamines as

well as prolactin. After sexual abstinence serum tes-

tosterone may be higher while no changes in other

measured sex hormones have been documented [69].

Certain central structures (nucleus accumbens (NA))

are functionally altered by the experience of even

just one ejaculation [70]. This may have implications

in learning, sexual motivation and reward.

The state of the tone of penile smooth muscle (arte-

rial and trabecular) determines the hemodynamic

events that maintain penile flaccidity or elicit erec-

II. PHYSIOLOGICAL REGULATION

OF PENILE SMOOTH MUSCLE
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tion (figure 6). In the flaccid penis, smooth muscle

tone is heightened. Penile erection on the other hand

requires a decrease in the tone of penile smooth

muscle.

The contractile activity of the penile muscle (arterial

and trabecular) is regulated by several factors: ade-

quate levels of agonists (neurotransmitters, hor-

mones, and endothelium-derived substances), ade-

quate expression of receptors, integrity of the trans-

duction mechanisms, calcium homeostasis, interac-

tion between contractile proteins, and effective inter-

cellular communication among smooth muscle cells

(gap-junctions) [71]. The balance and interaction

between relaxant and contractile factors determines

the final outcome of the penile smooth muscle tone

(figure 7).

The contraction of smooth muscle depends on the

rise, relatively rapid, of the intracellular concentra-

tion of free calcium and the sensitivity of the

contractile machinery to calcium. The net response

of calcium sensitizing mechanisms to contractile and

relaxant factors determines the tone of the smooth

muscle.  

1. ALPHA-ADRENERGIC MECHANISMS

Locally, the detumescence of the erect penis is

mediated by adrenergic nerve terminals whose neu-

rotransmitter, norepinephrine (noradrenaline), acti-

vates adrenergic receptors on the penile smooth

muscle membrane. Contraction of human penile

arteries and trabecular smooth muscle is largely

mediated by α1 adrenergic receptors [72,73]. The

α1d and α1a subtypes are the ones expressed with

higher density in the trabecular muscle [74]. The α-

adrenergic receptors can also be stimulated by circu-

lating catecholamines (norepinephrine as well as epi-

nephrine). Contraction mediated by α2-receptors

depends on the entry of calcium from the extracellu-

lar compartment while the activation of α1receptors

provokes the release of intracellular calcium, initial-

ly, with subsequent extracellular calcium entry for

the maintenance of the contractile tone. Adrenergic

stimulation causes vasoconstriction of the penile

arteries and contraction of the trabecular smooth

muscle which results in the reduction of the arterial

inflow and in the collapse of the lacunar spaces res-
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Figure 6 : Schematic representation of the structures involved in penile erection. In flaccidity condition (top) constrictor tone

is predominant, producing a low flow and low pressure state in lacunar spaces.  Penile erection (bottom) requires the vasodi-

latation of cavernosal and helicine arteries and the relaxation of trabecular smooth muscle, expanding the lacunar spaces and

tunica albuginea. This fact produces an elongation of subtunical venules, reducing their diameter and increasing the resis-

tance to outflow (veno-occlusive mechanism).



pectively. The contraction of the trabecular smooth

muscle causes decompression of the drainage

venules from the cavernous bodies, allowing the

venous drainage of the lacunar spaces [75-77].

The administration of α-adrenoceptor blockers into

the corpus cavernosum facilitates erection [78,79]

and α-adrenoceptor agonists cause detumescence

[80] further confirming the role of α-adrenoceptors

in the regulation of penile smooth muscle tone.

1. ENDOTHELIN

The peptide endothelin has been suggested to parti-

cipate in the maintenance of penile flaccidity [81].

Endothelin-1 is a member of a family of three pep-

tides [82] and is a potent constrictor synthesized by

the lacunar endothelium and, possibly, by the trabe-

cular muscle itself [81,83]. Its presence and constric-

tor activity in human cavernous tissue suggests the

participation of this peptide in the regulation of tra-

becular smooth muscle contractility. It has been also

demonstrated that endothelin potentiates the

constrictor effects of catecholamines on trabecular

smooth muscle [84]. Two receptors for endothelin,

ETA and ETB, mediate the biological effects of

endothelin in vascular tissue. ETA is the principal

mediator of the contraction in response to endothelin

while ETB prevails in endothelium, mediating a

endothelium-dependent vasodilator response. The

mechanism of intracellular transduction for both

receptors is the activation of the metabolism of inosi-

tol-phosphate, with release of intracellular calcium

and activation of protein kinase C (PKC). Endothelin

has also been suggested to regulate smooth muscle

proliferation in the penis [85]. A recent study has

shown no change in endothelin-1 concentrations in

the peripheral and cavernous blood during erection

[86]. Further studies are required to establish whe-

ther or not endothelin is released during neurogenic

erectile stimulation.

2. PROSTANOIDS

Several constrictor prostanoids, including PGH2,

PGF2α, thromboxane A2 (TXA2) are synthesized by

the human cavernous tissue. In vitro studies have

demonstrated that prostanoids are responsible for the

tone and the spontaneous activity of isolated trabe-

cular muscle [87]. Different prostanoids are genera-

ted in the human corpus cavernosum from arachido-

nic acid through the activity of cyclooxygenase. Pro-

duction of contractile prostanoids antagonizes

relaxant effects of those with relaxant capacity [88].

Functional characterization of prostanoid receptors

in human trabecular and arterial penile smooth

muscle revealed that only TP-receptors mediate

contractile effects of prostanoids in these tissues

[88]. Also it has been observed in vitro that constric-

tor prostanoids, simultaneously released with nitric

oxide, attenuate the dilator effect of the latter

[89,90]. The correlation of these in vitro findings

with the physiological regulation in vivo is not yet

established.

3. ANGIOTENSIN

Renin-angiotensin system could also play a signifi-

cant role in the maintenance of penile smooth muscle

tone. Angiotensin II has been detected in endothelial

and smooth muscle cells of human corpus caverno-

sum, where is locally produced. [91]. Angiotensin II

evokes contraction of human [92] and rabbit [93]

corpus cavernosum in vitro. The contractile effects

of angiotensin II are probably mediated by interac-

tion with AT-1 subtype receptors, since the blockade
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Figure 7: The tone of the penile smooth muscle is determi-

ned by a balance between relaxant and contractile factors

and their corresponding pathways. Norepinephrine (nora-

drenaline; NA), vasoactive intestinal peptide (VIP),

relaxant prostanoids such as PGE1 and prostacyclin activa-

te their receptors on the cell membrane. NA acts on ββ2-

adrenoceptors, VIP on VIP-receptor (VIP-R) and prosta-

noids on EP-receptors (EP-R). Activation of these three

receptors leads to activation of adenylate cyclase (AC)

which causes an elevation in intracellular cAMP concen-

trations. Nitric oxide (NO) is the most important mediator of

penile smooth muscle relaxation and activates the intracel-

lular soluble guanylate cyclase (sGC) which causes an

increase in intracellular cGMP concentrations. The increa-

se in cyclic nucleotide concentrations leads to relaxation of

the penile smooth muscle. Contractile agents NA, endothe-

lin (ET), angiotensin II (AII) and constrictor prostanoids

(i.e. TXA2 and PGF2αα) activate their receptors on cell

membrane; αα1-adrenoceptors, ETA, AT-1 and TP receptors

respectively to produce contraction.



of these receptors prevents angiotensin II-induced

contractions in rabbit corpus cavernosum [93]. AT-1

receptors are G-protein coupled receptors. Contracti-

le effects mediated by these receptors involves Gq

stimulation that activates phospholipase C, promo-

ting IP3 generation and subsequent intracellular cal-

cium increase [94]. Intracavernosal injection of

angiotensin II reverses spontaneous erections in

dogs, while the AT-1 receptor antagonist, losartan

produces intracavernosal pressure increases in these

animals [91]. Finally, intracavernosal blood levels of

angiotensin II, which are higher than in systemic per-

ipheral blood, increase in detumescence phase [95].

Thus, local production of angiotensin II could

increase penile smooth muscle contractility by way

of AT-1 receptors facilitating detumescence of the

penis. 

Once the penile smooth muscle is activated by the

excitatory substances (vasoconstrictors) mentioned

above, intracellular free calcium concentrations

([Ca2+]i) increase. This rise in [Ca2+]i is secondary

to activation of various signalling mechanisms such

as phospholipase C and inositol trisphosphate (IP3)

resulting in release of calcium from intracellular

stores such as sarcoplasmic reticulum and/or ope-

ning of calcium channels on the smooth muscle cell

membrane leading to an influx of calcium from

extracellular space. This increase is usually transient

where [Ca2+]i) returns to near basal levels despite

the fact that the constrictor activity is still present

(figure 8). During this transient phase the increase in

[Ca2+]i) leads to activation of calcium-calmodulin

dependent myosin light chain kinase (MLCK). Acti-

vated MLCK phosphorylates myosin light chain

(MLC20) therefore initiates the smooth muscle

[96,97]. 

Once the [Ca2+]i) returns the basal levels, the cal-

cium-sensitizing pathways take over. One such

mechanism is via activation of excitatory receptors

coupled to G-proteins which can also cause contrac-

tion by increasing calcium sensitivity without any

change in [Ca2+]i). This pathway involves RhoA, a

small, monomeric G protein that activates Rho-kina-

se. Activated Rho-kinase phosphorylates and thereby

inhibits the regulatory subunit of smooth muscle

myosin phosphatase (SMPP-1M) preventing de-

phosphorilation of myofilaments which maintain

contractile tone (figure 9) [98].

RhoA and Rho-kinase have been shown to be expres-

sed in penile smooth muscle [99,100]. Interestingly,

the amount of RhoA expressed in the cavernosal

smooth muscle is 17 fold higher than in the vascular

smooth muscle [100]. A selective inhibitor of Rho-

kinase has been shown to elicit relaxation of human

corpus cavernosum in vitro and to induce penile

erection in animal models [101,102]. Anesthetized

rats transfected with dominant negative RhoA exhi-

bited an elevated erectile function as compared with

control animals [103].

The emerging consensus is that the phasic contrac-

tion of penile smooth muscle is regulated by an

increase in [Ca2+]i) and the tonic contraction is

governed by the calcium sensitizing pathways [104].

Dilation of the penile arteries (cavernous artery and

helicine arteries ), is the first event in the develop-

ment of erection. Its consequence is the increase of

blood flow and pressure into the lacunar spaces. Fol-

lowing arterial dilation, the trabecular muscle relaxes

increasing the compliance of the lacunar spaces to its

expansion facilitating the accumulation of blood.

The relaxation of the muscle depends on endocrine

(circulating substances), paracrine (substances relea-

sed from neighboring nerves and endothelium) as

well as, possibly, on autocrine (substances generated

within the smooth muscle) mechanisms (figure 10).

1. MODULATION OF PENILE SMOOTH MUSCLE

CONTRACTILITY BY ENDOTHELIA

The endothelium is the key regulator of vascular

physiology and has a fundamental role in the process

of erection. In fact, diseases in which endothelial

dysfunction develops, such as in diabetes mellitus,

hypertension, hypercholesterolemia or aging, are

associated with a high prevalence of erectile dys-

function [105]. 

Many substances that influence smooth muscle

contractility are produced by the endothelium. These

include substances promoting contraction (endothe-

lin, TXA2,...) or relaxation (NO, PGI2,...) of the

adjacent smooth muscle. However, preservation of

the endothelial function is usually associated to the

maintenance of adequate relaxation of vascular

IIc. PENILE SMOOTH MUSCLE

RELAXATION

IIb. INTRACELLULAR MECHA-

NISMS REGULATING SMOOTH

MUSCLE CONTRACTION

300



smooth muscle and to the modulation of contractile

responses. In response to humoral or paracrine sti-

muli, the endothelium releases factors that promote

smooth muscle relaxation. Endothelium-dependent

vasodilators (acetylcholine, bradykinin,...) produce

vascular smooth muscle relaxation by acting on spe-

cific endothelial receptors that provoke an increase

of intracellular Ca2+ in the endothelial cell. This

Ca2+ increase triggers the activity of endothelial

enzymes which are responsible for the synthesis of

local mediators that relax neighboring vascular

smooth muscle. Intracavernous injection of acetyl-

choline induces erection, as it has been demonstrated

in animal models [106,107].

In human corpus cavernosum, nitric oxide (NO) is

the only mediator of endothelium-dependent relaxa-

tion while in human penile resistance arteries, endo-

thelium-dependent relaxation is mediated by NO and

by another mechanism that does not involve NO syn-

thesis or cyclooxygenase activity. This process is

mediated by Ca2+-activated K+-channels and is

attributed to endothelium-derived hyperpolarizing

factor (EDHF) [108].

2. NITRIC OXIDE AND THE CGMP PATHWAY

Nitric oxide (NO) is a free radical (the molecule has

an unpaired electron); therefore it is a highly reacti-

ve and chemically unstable molecule. It is now

known that this molecule is synthesized in different

types of cells in mammals and that it is involved in

the regulation of diverse physiological processes

including smooth muscle relaxation, platelet reacti-

vity, central and peripheral neurotransmission, and

the cytotoxic actions of immune cells [109,110]. 

Nitric oxide synthase (NOS), uses the amino acid L-

arginine and molecular oxygen to produce NO and

the amino acid L-citrulline. This reaction requires

tetrahydrobiopterin and NADPH. Three distinct iso-

forms of NOS have been identified which share 50-

60% homology. Two constitutive forms, neuronal

NOS (nNOS) and endothelial NOS (eNOS), are pre-

sent in the nervous system and vascular endothelial

cells respectively. Both isoforms require calcium and

calmodulin for activity. A third calcium-independent

isoform, inducible NOS (iNOS) can be isolated from

a variety of cells following induction with inflamma-

tory mediators and bacterial products [109,110].

nNOS and eNOS are expressed in the cholinergic

nerves and endothelium of the penis, respectively

[111-116]. Under physiological conditions iNOS is

not expressed in the penis, however following an

exposure to inflammatory mediators iNOS has been

shown to be expressed in the urogenital smooth

muscle [117]. 

Postganglionic parasympathetic (cholinergic) nerves

which have nNOS in their structure and release NO

as a co-transmitter with acetylcholine are now ter-

med as nitrergic nerves [113,118]. Stimulation of

cavernous nerve activates nitrergic nerve fibres the-

refore elicits NO release [119,120] at the nerve ter-

minals which causes relaxation of penile smooth
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Figure 8: Activation of αα1-adrenoceptor on the membrane

of the smooth muscle causes an initial transient increase in

intracellular calcium via calcium elevating pathways (i.e.

phospholipase C, IP3, calcium-channels). The tone remains

elevated even after the initial rise in calcium subsides. The

calcium sensitizing pathways, such as RhoA-Rho-kinase

pathway produces contraction when intracellular calcium

concentrations return to basal levels. 

Figure 9 : Schematic representation of calcium elevating

and calcium sensitizing pathways and the points of interac-

tion of cyclic nucleotides (cNTs; cAMP and cGMP) with

both pathways. DAG, diacylglycerol; Gq, G-protein q; IP3,

inositol triphosphate; MLC, myosin light chain; MLCK,

MLC kinase; MLCP, MLC phosphatase; PLC, phospholi-

pase C.



muscle (figure 11). In various animal models penile

erection induced by stimulation of cavernous nerves

or spinal cord can be inhibited by NOS inhibitors

[111,121-123]. Moreover in vitro non-adrenergic

non-cholinergic (NANC) stimulation of penile blood

vessels or corpus cavernosum leads to nitrergic

relaxation responses which can be blocked by NOS

inhibitors [119,124-127].

Another source of NO is eNOS which is present in

the sinusoidal endothelium in the corpus cavernosum

and in the endothelium of penile blood vessels (figu-

re 11). Three theories can be put forward for the

involvement of eNOS in erectile function. Firstly

acetylcholine released from postganglionic choliner-

gic nerves may evoke release of NO from endothe-

lium. Indeed exogenous administration of acetylcho-

line produces endothelium-dependent relaxation in

the isolated corpus cavernosum or penile arteries

[89,128]. However atropine or neostigmine does not

inhibit cavernous nerve-induced penile erection

[111,129]. Furthermore, neurogenic relaxation of

corpus cavernosum does not require a functional

endothelium [126,130]. A second possibility for

involvement of eNOS can be due to the activation of

eNOS by shear stress [131]. During erection the

expansion of vascular and sinusoidal lumen can

cause shear stress which may lead to activation of

protein kinase Akt (also known as PKB) and subse-

quent phosphorylation and activation of eNOS, faci-

litating NO release from the endothelium [132].

Thirdly, substances in plasma, such as bradykinin,

and oxygen may trigger NO production by the endo-

thelium upon the entrance of oxygenated blood in the

corpora cavernosa. Therefore the emerging consen-

sus is that NO derived from nNOS in the nitrergic

nerves is responsible for the initiation and majority

of the smooth muscle relaxation whereby NO from

eNOS contribute to the maintenance of the erection.

The activity of nNOS can be affected by the binding

of additional factors such as the protein inhibitor of

NOS (PIN) [133], the NMDA receptor (NMDAR)

[134], or the carboxy-terminal PDZ ligand of nNOS

(CAPON) [135] to an N-terminal PDZ sequence in

nNOS. Although these nNOS modulators have been
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Figure 11 : Schematic representation of nitric oxide gene-

ration and action pathway in penile smooth muscle and the

processes involved in its regulation. NO, nitric oxide; eNOS,

endothelial (type III) NO synthase; nNOS, neuronal (type I)

NOS; PDE5, phosphodiesterase type 5; PKG, protein kina-

se G.

Figure 10 : Schematic representation

of the processes leading to penile

smooth muscle relaxation. ACh, ace-

tylcholine; BK, bradykinin; CYP,

cytochrome P450 oxygenase; EDHF,

endothelium-derived hyperpolarizing

factor; E, epinephrine; EP-R, prosta-

noid receptor type E; NE, norepine-

phrine; NO, nitric oxide; PGE, pros-

taglandin E; VIP, vasoactive intesti-

nal peptide; VIP-R, VIP receptor; ß2-

AR, type 2 ß-adrenergic receptor.



shown to be expressed in the penis [136,137] their

role in the regulation of penile erection remains to be

established.

Although the role of nNOS in mediating penile erec-

tion is well established, genetically engineered

nNOS knock-out mouse is fertile and has intact neu-

rogenic NO production in the penis [138]. This

contradiction has later been resolved by the finding

of the expression of a variant of nNOS (penile

nNOS; PnNOS) in the penis of nNOS knock-out

mice [139]. Interestingly central nervous system

variant of nNOS (CnNOS) is not found in substantial

amounts in the rat penis, therefore it may be inferred

that the PnNOS is the main nNOS variant respon-

sible in this animal [139]. Further studies will be

required to identify human variants of nNOS in the

penis and their potential for gene-therapy approaches

to erectile dysfunction [140].

The activity of nNOS in the penis has been found to

be regulated by androgens. Castration of adult rats

reduces the erectile response to stimulation of caver-

nosal nerve, and the activity of nNOS in the penis;

both changes are prevented by androgen administra-

tion [141-144]. Whether or not androgens affect the

expression of the nNOS protein and mRNA is dispu-

ted [141-144]. Further investigation is necessary to

explain the molecular mechanisms involved in erec-

tile dysfunction due to androgen deficiency in elder-

ly men and due to anti-androgen treatment in benign

prostatic hyperplasia.

Unlike many other regulatory substances, such as the

classic neurotransmitters (e.g. acetylcholine, norepi-

nephrine), NO does not have a specific receptor on

the cellular membrane. NO crosses cell membrane

targeting the enzyme soluble guanylate cyclase

(sGC) in the cytoplasm. The binding of NO to sGC

produces a conformational change in the protein and

increases its activity [145]. Activated sGC catalyzes

the conversion of guanosine-5'- triphosphate (GTP)

to guanosine 3', 5' cyclic monophosphate (cGMP)

(Figure 4). cGMP signals via three different ways in

eukaryotic cells; ion channels, phosphodiesterases

and protein kinases. Through these interactions the

increase in intracellular cGMP concentrations sets in

motion a cascade of intracellular events which indu-

ce a loss of contractile tone. These include: hyperpo-

larization, closure of voltage activated calcium chan-

nels, sequestration of calcium by intracellular orga-

nelles, prevention of an increase in intracellular cal-

cium and desensitization of contractile apparatus

(figure 12). 

Nitrergic nerve stimulation or administration of exo-

genous NO causes an increase in intracellular cGMP

concentrations in the penile corpus cavernosum

[125,146,147]. Selective inhibitors of sGC have been

shown to inhibit nitrergic relaxation responses of the

penile smooth muscle [148-150]. All these findings

confirm that nitrergic neurotransmission operates via

stimulation of sGC and elevation of cGMP concen-

trations in the penile smooth muscle. 

One of the targets of cGMP is cGMP-dependent pro-

tein kinases (cGK) of which two different isoforms

have been identified in mammals: cGKI and cGKII

[151]. The abundant isoform in the smooth muscle is

cGKI [152]. cGKI knock-out mice have very low
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Figure 12 : Schematic represen-

tation of the mechanisms invol-

ved in penile smooth muscle

relaxation by the cGMP path-

way. GC, guanylate cyclase;

IP3, inositol triphosphate; PKA,

protein kinase A; PKG, protein

kinase G; PLB, phospholipase

B; PLC, phospholipase C; NO,

nitric oxide.



ability to reproduce and their corpora cavernosa fail

to relax on activation of the NO-cGMP pathway

[153]. This suggests that cGMP-independent (i.e.

VIP, cAMP) and cGK-independent (i.e. direct action

of cGMP on ion channels) pathways play a minor

role in erectile physiology.

3. THE CAMPC PATHWAY

Vasoactive intestinal peptide (VIP), in the autonomic

nerves, prostaglandin E (PGE1 and PGE2), prostacy-

clin, synthesized by the smooth muscle and endothe-

lium, and neural or circulating catecholamines, sti-

mulate specific receptors coupled to Gs proteins with

stimulation of the adenylate cyclase (AC), that cata-

lyzes the formation of adenosine 3’, 5’ cyclic mono-

phosphate (cAMP) (figure 13). As mentioned above

AC-cAMP pathway might have a minor role in the

physiology of erectile function however when stimu-

lated exogenously (i.e. PGE1 administration for the

treatment of erectile dysfunction) it proves to be an

efficient route for the relaxation of the penile smoo-

th muscle. 

During the 80's great attention was given to VIP as

the possible mediator of erection. This proposal was

based on the observation of nerve fibers that contai-

ned VIP in cavernous tissue and that exogenous VIP

was a potent relaxant of the smooth muscle of the

penis [154,155]. Furthermore, the intracavernosal

administration of VIP caused tumescence and rigid

erection in some individuals [156].  VIP and nNOS

have been shown to co-localize in nerves within the

corpus cavernosum [157]. VIP has been assumed to

be released at high frequency nerve stimulation;

however VIP-antagonists and peptidases have failed

to inhibit these relaxation responses [158,159]. The-

refore the exact role of VIP in the penis and whether

or not it is released during erectogenic nerve stimu-

lation still remain to be established. 

Prostaglandin E1 and E2are the most abundant pros-

tanoids synthesized by the smooth muscle of the

penis [160,161]. The receptor (s) that mediates

relaxation to PGE is designated as the EP receptor.

Four subtypes of EP receptors exist, but only EP2
and/or EP4 subtypes are present, at the functional

level, in arterial and trabecular penile smooth muscle

[88]. These receptors are coupled to Gs proteins,

which stimulate adenylate cyclase. Prostacyclin

(PGI2) is also produced in human corpus caverno-

sum [162]. This prostanoid produces relaxation of

vascular smooth muscle by means of specific IP

receptors which are also coupled to Gs proteins. In

human corpus cavernosum smooth muscle, PGI2
fails to produce any relaxant effect, probably due to

the lack of functional IP receptors in this tissue.

However, this is not the case for human penile arte-

ries were IP receptors co-exist with EP2/EP4 recep-

tors. Indeed, PGI2 cause vasodilation in human

cavernous artery [163] as well as in penile resistance

arteries [88].

Finally, the stimulation by catecholamines of β-adre-

nergic receptors, causes relaxation of arterial and tra-

becular smooth muscle [72,164]. The β2 subtype is

probably the most important receptor mediating

these effects [165]. However the density of β-adre-

noceptors is only one-tenth of the density of α -adre-

noceptors in the corpus cavernosum [166]. Moreo-
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Figure 13 : Schematic repre-

sentation of the mechanisms

involved in penile smooth

muscle relaxation by the cAMP

pathway. AC, adenylate cycla-

se; EP-R, type E prostanoid

receptor; Gs, stimulating G-

protein; IP3, inositol triphos-

phate; PGE, prostaglandin E;

PKA, protein kinase A; PKG,

protein kinase G; b-R, b-adre-

nergic receptor.



ver, since neurogenic relaxation is not affected by β-

adrenoceptor antagonists [167] and intracavernosal

injection of β-agonists does not induce full erection

in humans [129], β-adrenoceptors seem to be of less

importance among the actions of noradrenergic neu-

rotransmission in the urogenital tract. There is evi-

dence in the vascular system that the expression of β-

adrenergic receptors decreases with age, giving way

progressively to the constrictor mechanisms (α-adre-

nergic) which would prevail [168]. Whether or not a

similar change during aging occurs in the penile

smooth muscle remains to be established.

4. PHOSPHODIESTERASES

Phosphodiesterases (PDEs) are the enzymes that

breakdown cGMP and cAMP, and therefore regulate

the levels of these compounds in tissues. In the penis,

nitric oxide (NO) released in the nerve terminals

upon sexual stimulation activates guanylyl cyclase to

synthesize cGMP which in turn stimulates protein

kinase G (PKG) to phosphorylate myosin and even-

tually triggers a reduction in intracellular Ca2+ that

induces the relaxation of the corpora cavernosa

smooth muscle. The maintenance of a high cGMP

concentration is therefore essential for erectile func-

tion, and this may be achieved by selective inhibitors

of PDE5, a cGMP-dependent PDE, such as sildena-

fil, tadalafil or vardenafil. cGMP may also cross-

activate cAMP pathways such as PKA [169] or inter-

convert with cAMP [170]. Since the development of

this compound for the treatment of erectile dysfunc-

tion a considerable number of studies have been

published regarding the detection, purification, sen-

sitivity to selective inhibitors, and enzymatic activi-

ty of PDEs in the penis, but naturally, they have been

mainly focused on PDE5 [171,172]. As a result,

comparatively little information is available on the

tissue localization and regulation of expression of

PDEs in the penis, and surprisingly, even on PDE5.

This is perhaps a reflection of the immediate needs to

characterize the therapeutic efficacy of these com-

pounds on erectile dysfunction, but at the same time

neglects the possible functional significance of other

PDEs present in the penis, such as 1,2,3,4, and 9,

some of which have been shown to be essential for

the control of blood flow in the penis [173-175], and,

more recently, for the counteraction of fibrosis in the

tunica albuginea [176]. This section will focus on the

molecular biology and functional significance of

PDEs in the penis and will not address the clinical

aspects of PDE inhibitors unless relevant to this dis-

cussion. 

The PDE class I in mammalians comprises 10 fami-

lies designated with numbers from 1 to 10, with

either one or several genes per family, named with

letters from A to D, and some with subtypes of spli-

cing variants, differentiated with numbers, e.g.,

PDE5A1 [177-179]. Families are classified accor-

ding to their absolute specificity in the catalytic and

regulatory domains for cAMP (PDE4,7,8), cGMP

(PDE5,6,9), or mixed cAMP/cGMP (PDE1,2,3,10)

and their response to well characterized inhibitors,

such as in the case of PDE7 and 8, that are insensiti-

ve to rolipram and IBMX, respectively. They com-

prise a series of proteins that share a 270 amino acids

catalytic domain located carboxy terminal to its

regulatory domain that includes an allosteric site. 

The main approaches used to study the PDEs expres-

sed in the penis are as follows:

a) Biochemical detection and enzyme purification

from corpora cavernosa extracts.

Conventional protein purification techniques, such

as anion exchange chromatography, HPLC, calmo-

dulin-agarose affinity resin, and other procedures,

combined with the detection in the different elution

fractions of PDE enzyme activity based on the

hydrolysis of cAMP or cGMP, the effect of

Ca2+/calmodulin [177], and catalytic inhibitors were

initially utilized to characterize PDE5, the target of

sildenafil, tadalafil or vardenafil effects, and identify

which other penile PDE enzymes may be affected by

these drug. This is shown on figure 14, where the

profile of elution for PDEs in a human penile extra-

ct indicates the presence of a low-salt elution peak

for PDE-5 accompanied by cAMP-dependent PDE2
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and 3, in the order of salt concentrations, but no other

enzyme activities were resolved [177]. This procedu-

re also allowed to demonstrate that there is a species

specificity, since no PDE3 was detected in the rabbit

penis (activity insensitive to milrinone), whereas

PDE1 and 2 were found to be present, with PDE5

[178,179]. However, the presence of PDEs7 to10

was not investigated. In any case, caution needs to be

exercised in extrapolating data on PDE content in the

penis from the animal models to the human penis.

b) Application of selective inhibitors in corpora

cavernosa strips or tissue homogenates. 

This approach has been the most used because it

satisfies simultaneously the primary interest of phar-

macological characterization of the response of the

erectile mechanism to the selected inhibitors, while

detecting indirectly the types of PDE activities affec-

ted in the penis by compounds whose mechanism of

action was already known. For instance, the presen-

ce of PDE-5 has been confirmed not only by the sen-

sitivity of the relaxation of corpora cavernosa strips

to sildenafil [180], or the increase in the levels of

cGMP by this compound [181-184], but also by

other inhibitors such as zaprinast, whose specificity

of action on PDE-5 had been demonstrated in other

non-penile tissues [185-188]. For instance, by

applying rolipram and milrinone, specific PDE4 and

PDE3 inhibitors, respectively, it was shown that this

isoform is also present in human penile arteries and

veins [189], the relaxation appears to be endothe-

lium-independent, and these agents act at lower

concentrations than sildenafil. Rolipram elicits an

erectile response in the rabbit, and milrinone relaxes

the human corpora cavernosa as potently as sildena-

fil, and induces erections in men comparable to the

ones induced by papaverine [189], but is less effecti-

ve in the rabbit in vitro [178,179]. This would imply

that PDE3 and 4 are functional in the penis, and that

the cAMP pathway is a main relaxing factor in

human large penile vessels. Obviously, the profile of

PDE5 sensitivity to different inhibitors has been

extensively studied because of its pharmacological

significance, and in comparison to other inhibitors,

both sildenafil (IC50: 4 nM, in human and rabbit cor-

pora cavernosa) and vardenafil (0.7 nM in bovine

PDEs) are much more potent than zaprinast, and

IBMX, and rolipram. In turn, the IC50 has been

determined for each of these inhibitors with prepara-

tions of several PDEs, in order to ascertain their spe-

cificity for each PDE enzyme [180-184], and com-

pare it with the relative potency.

Some of these in vitro characterizations have been

confirmed in vivo in the rat and rabbit by measuring

the erectile response of the penis to the effect of the

selective inhibitors under suboptimal electrical field

stimulation of the cavernosal nerve in anesthesized

dogs or rats [190-192], or in the conscious rabbit

model receiving sodium nitroprusside as NO donor

[193].

c) Detection of PDE mRNAs in total RNA from the

corpora cavernosa.

The comparatively simple and highly sensitive proce-

dure of RT/PCR has been applied to detect PDEs in

the penis that may be poorly expressed or have not

been detected in other studies at the protein level. A

single comprehensive identification of the penile PDE

mRNA profile has been recently published [194],

where a total of 13 genes were found to be expressed

in human corporal biopsies, belonging to all families

except for PDE3B and PDE10A, where primers were

not available, and for PDE6. The advantage of this

technique is that it allows to detect each individual

splicing or alternate promoter usage variant for every

isoform, a pattern that would be virtually impossible

to obtain for their putative encoded proteins. The main

shortcoming is obviously that expression of a given

mRNA does not necessarily indicate that it is transla-

ted into the respective protein.

A similar RT/PCR approach combined with a proce-

dure named rapid amplification of cDNA ends

(RACE)/PCR was applied by Lue’s group to the

human corpora cavernosa, but using variant-specific

primers exclusively for PDE5 [195,196]. They iden-

tified PDE5A2 and PDE5A1 in this order of abun-

dance in the human cavernous tissue, followed by

PDE5A3, which is expressed only in tissues with

substantial amounts of smooth muscle. In addition,

expression of the latter variant was absent in some

patients. The numbers identify the PDE5A exons in

the order they are located in the gene (figure 15).

Expression of the recombinant constructs in a cell

line showed that the Km for cGMP was around 6 µM

for the three variants, although the IC50 for sildena-

fil was higher (13-28 nM) than for the native protein.

However, in the rat penis, only PDE5A1 and 2 could

be detected [197]. 

In a recent study [176], it has been shown that

expression of PDE5A is not limited to the corpora

cavernosa smooth muscle as it was assumed from

their localization in the arterial media, but it is also

expressed in the fibroblasts of the human and rat

tunica albuginea, both in vivo and in cell culture, uti-

lizing primers common for the three splicing
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variants. PDE-4 mRNA was also detected, and in this

case the primers were variant-specific, so that both

the A and B variants are present, but not the C. 

d) Immunodetection of PDE protein and in situ

localization. 

There are only two reports on the detection of PDE

proteins in penile tissue homogenates by western

blot, and this is restricted to PDE5A in both human

penile corpora cavernosa [196] and tunica albuginea

[176], as well as in rat tunica albuginea [176]. The

latter study showed expression of variant 3, which

does not agree with the reported absence of the

PDE5A3 mRNA cited above. What is even more stri-

king is that as far as we are aware, there is no publi-

shed evidence on the immunohistochemical or in situ

hybridization detection of any PDE in the penis or

cells derived from this tissue, with the exception of

the recent demonstration of PDE5A in fibroblasts

within both the human and rat tunica albuginea, in

the smooth muscle of the corpora cavernosa and in

cells derived from these tissues [176]. 

This paucity of studies probably stems from the

assumption that what has already been demonstrated

in the vascular system and other tissues regarding the

presence of both PDE5 and PKG should logically

extend to the corpora cavernosa. However, in view of

the evidence with different approaches on the

expression of at least PDE2, 3,4, and 9, discussed

above, more detailed investigation is needed to

ascertain where these enzymes are really expressed

at the protein level in the corpora cavernosa. This is

particularly important in terms of the novel findings

that would suggest a functional significance for PDE

isoforms in the penis in tissues other than the cister-

nae smooth muscle for the control of blood flow

through the penile arteries [189] or fibrotic processes

in the tunica albuginea [176]. In addition, the role of

cAMP (produced by PDEs 2-4) as compared to

cGMP in penile erection is not clear, considering that

PGE1 or VIP raise cAMP levels, although only

PGE1 causes full erections. This may occur via

PKA, or cross-activation of PKG; the latter possibi-

lity has recently been demonstrated to occur [198].

However, the cGMP-dependent kinase I deficient

mice has poor reproductive ability and their corpora

cavernosa fails to relax on activation of the cGMP

cascade, thus suggesting that the cAMP signaling is

only moderately active for penile erection [153]. 

e) Regulation of PDE activity and/or expression in

the penis. 

This is a fundamental topic, since if PDEs can be

transcriptionally regulated by their substrates, cGMP

or cAMP, there could be the possibility that a long-

term treatment with PDE inhibitors that would

enhance for sustained periods the levels of these

cyclic nucleotides, could actually up- or down-regu-

late the levels of the PDE themselves. In the case of

PDE-5, the human gene has been mapped to chro-

mosome 4q26, and shown to span for about 100 kb

with 23 exons [199,200]. The promoter region for

this gene has also been cloned and shown to contain

two separate promoters, one directing the synthesis

of all three variants, and the second is specific for the

PDE5A2 variant, being located immediately ups-

tream their respective exons [201,202] (figure 16).

Since they contain cGMP response elements that are

activated by binding cGMP, the PDE5 inhibitors

could hypothetically up-regulate the synthesis of its

own target, and therefore after prolonged and conti-

nuous treatment with these drugs, decrease cGMP

levels when the drug is not administered.

On the other hand, regulation of PDE activity occurs

by a) substrate availability; b) extracellular signals

that alter intracellular signaling (phosphorylation,

protein/protein interaction, Ca2+/calmodulin, etc);

and feedback regulation by cAMP, allosteric cGMP,

etc. Perhaps because of the pharmacological efficacy

of the PDE5A inhibitors, virtually no studies have

been reported on the physiological regulation of this
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enzyme in the penis, and whether there is a patho-

physiological up-regulation associated with erectile

dysfunction resembling the down-regulation occur-

ring with the NOS system itself.

5. RELAXATION THROUGH HYPERPOLARIZA-

TION OF THE SMOOTH MUSCLE CELL. 

Hyperpolarization of smooth muscle cell causes the

closure of voltage-dependent calcium channels, the-

refore reducing the calcium entry from the extracel-

lular compartment, with decrease in the concentra-

tion of intracellular free calcium and subsequent

relaxation of the muscle. One of the mechanisms by

which the smooth muscle cell hyperpolarizes is

through the opening of potassium channels (K+-

channels). The opening of ATP-sensitive K+-chan-

nels (KATP) and Ca2+-activated K+-channels (KCa)

causes hyperpolarization and relaxation of vascular

smooth muscle. The presence of these two types of

channels has been revealed, at the functional level, in

human corpus cavernosum smooth muscle [203].

Pharmacological stimulation of KATP channels

induces relaxation of penile smooth muscle [204].

Furthermore, PNU-83757, an opener of KATP chan-

nels, has been shown to be effective to induce penile

erection when intracavernosally administered in

patients with erectile dysfunction [205]. 

The opening of large-conductance KCa channels,

also known as maxi-K, has been found to hyperpola-

rize and relax human corpus cavernosum [206]. 

Hyperpolarization of penile smooth muscle is also

important in endothelium-dependent relaxation of

human penile arteries where a significant relaxation

remains despite blockade of NO and prostaglandin

synthesis [108]. This relaxation is prevented by KCa
channel blockade or by precluding hyperpolarization

with a high K+ concentration [108]. This activity has

been attributed to the endothelium-derived hyperpo-

larizing factor (EDHF) that opens KCa channels and

produces hyperpolarization and vasodilatation. The

nature of EDHF remains undetermined although

diverse candidates have been proposed, including

arachidonic acid derivatives of cytochrome P450

oxygenase activity, hydrogen peroxide, potassium

ions, anandamide and C-type natriuretic peptide. In

addition, it has been suggested that agonist-induced

elevation of intracellular calcium in endothelium

could activate endothelial KCa channels, producing

hyperpolarization of the endothelium that could

spread through myoendothelial gap junctions to pro-

duce smooth muscle relaxation. Investigation of phy-

siological importance of EDHF has been hampered

not only by controversy over its identity, but also by

the lack of specific inhibitors of its activity. Never-

theless, EDHF-mediated relaxation of human penile

arteries is significantly potentiated by calcium dobe-

silate [108]. Further research is required to study the

possible role of EDHF in regulating the local blood

flow in the penis during detumescence and erection.

The opening of K+-channels can be stimulated by

the cAMP-dependent protein kinase (PKA), by the

cGMP-dependent protein kinase (PKG) or by GMPc

itself. In human corpus cavernosum, KCa channels

can be activated by the action of the PGE1 [207] and

by a NO donor [208], being these effects mediated

by cAMP and cGMP, respectively. 

Independently of this mechanism, provoked by the

action of the cyclic nucleotides, it has been proposed,

in arteries, that nitric oxide can stimulate directly the

opening of potassium channels as well as the Na+/K+-

ATPase (the sodium pump). This last mechanism has

been demonstrated in the trabecular muscle [209]

(figure 12). The Na+/K+-ATPase is electrogenic due

to the fact that it extracts three positive charges (3

Na+) from the cell while introducing only two (2 K+).

Therefore, the cell hyperpolarizes initiating the same

mechanisms of closure of calcium channels described

after the activation of K+-channels. This process

represents, therefore, a mechanism for relaxation that

does not depend on cyclic nucleotides. 

6. MOLECULAR OXYGEN AS A MODULATOR OF

PENILE ERECTION.

The partial oxygen pressure (pO2) in the blood of the

cavernous body during the flaccid state is similar to
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Figure 16 : Genetic and restriction map of the upstream

region of human PDE5A gene. The entire gene fragment

shown here is approximately 8.5 kb in length. The three

boxes represent the PDE5A1, A2 and A3-specific first

exons. The translation initiation codons of PDE5A1 and

PDE5A2 are indicated. The PDE5A and PDE5A2 promo-

ters are also indicated. Restriction enzyme recognition sites

are labeled as follows: B, BspHI; E, EcoRI; H, HindIII; N,

NheI; O, NotI, P, PstI; S, SacI; and X, XhoI.



that of venous blood (~ 35 mmHg). However, during

the erection, due to the increase in arterial blood

entering the lacunar spaces, the pO2 increases to

approximately 100 mmHg (i.e. the corpora caverno-

sa are arterialized) [6]. 

Molecular oxygen is a substrate, together with L-

arginine, for the synthesis of nitric oxide mediated by

NOS. In corpus cavernosum tissue, it has been

demonstrated that the synthesis of nitric oxide is

directly regulated by the oxygen concentration [6]. 

At the low oxygen concentrations that are measured

in cavernous body in the flaccid penis, the synthesis

of nitric oxide is profoundly inhibited, blocking, the-

refore, endothelium and neurogenic relaxation of the

trabecular muscle. This would help in the mainte-

nance of penile flaccidity since it facilitates constric-

tor tone by supressing relaxation.  

After arterial vasodilatation, the oxygen concentra-

tion in the cavernous bodies rises providing suffi-

cient substrate (O2) so that nitric oxide is synthesi-

zed. It has been estimated, after "in vitro" studies,

that the minimal concentration of oxygen in the

cavernous bodies necessary to reach a full activity of

the nitric oxide synthase is between 50 and 60

mmHg. 

Inferior concentrations would induce a partial syn-

thesis of nitric oxide with, subsequently, partial

relaxation of the trabecular muscle .

Similarly to the nitric oxide synthase, the prostaglan-

din H synthase (the ciclooxygenase) is also a oxyge-

nase and uses oxygen as substrate for the synthesis of

prostanoids. It has been demonstrated that the oxy-

gen concentration to which one are exposed the

cavernous bodies regulates the synthesis of prosta-

noids [160]. 

In the case of the PGE, the relaxing prostaglandin of

the trabecular muscle, physiological variations in the

oxygen concentration will condition its endogenous

production: inhibited in flaccidity and stimulated in

erection.

The synthesis of the vasoconstrictor, endothelin, is

also subject to modulation by the oxygen concentra-

tion. In this case, low oxygen concentrations promo-

te its synthesis and high levels (arterial) inhibit it. 

This capacity of the molecular oxygen for regulating

the synthesis of endogenous vasoactive substances,

make of it an important modulator of the erectile

activity of the penis. 

1. INTERACTION BETWEEN NITRERGIC AND

NORADRENERGIC PATHWAYS.

Nitrergic neurotransmission is known to modulate

noradrenergic responses. Electrical field stimulation

(EFS)-induced noradrenergic contractions are

enhanced by NO synthase inhibitors in corpus caver-

nosum and penile resistance arteries suggesting that

noradrenergic responses are modulated by nitrergic

neurotransmission. The degree of this modulation

varies among species: In the human corpus caverno-

sum, noradrenergic responses are under nitrergic

control, such that even very high concentrations of

noradrenaline fail to show an effect when nitrergic

neurotransmission is operating. This situation is

similar in the monkey and rabbit, where nitrergic

neurotransmission does not merely modulate but

actually controls the sympathetic responses; howe-

ver it differs in the rat, mouse and dog where the

sympathetic system is predominant [169]. In intraca-

vernosal arteries from experimental animals, pre-

junctional regulation of NANC nerves by α2-adre-

nergic receptors has been demonstrated. The activa-

tion of these adrenergic receptors inhibits vasodila-

tion induced by NANC nerves in penile arteries and

corpus cavernosum [210,211]. Several studies

demonstrated that the interaction between the two

systems occurs in the smooth muscle, suggesting a

physiological antagonism [211-213]. NO-sGC-

cGMP-cGKI pathway can lead to inhibition of seve-

ral sites on the noradrenergic contractile pathway in

the vascular smooth muscle such as production of

IP3 by phospholipase C [214], inhibition of IP3
receptor [215-217] or inhibition of RhoA/Rho-kina-

se pathway [218]. The interaction site in penile

smooth muscle has not yet been identified.

Nitrergic dominance over noradrenergic system in

the penile corpus cavernosum also suggests a key

role for this interaction in the pathophysiology of

erectile dysfunction. Indeed, a nitrergic-noradrener-

gic imbalance in favour of the noradrenergic system

due to defective nitrergic neurotransmission has been

implicated in penile tissues from patients and from

animal models with erectile dysfunction [219-221].

IId. REGULATION OF THE BALAN-

CE BETWEEN THE DILATOR AND

CONSTRICTOR MECHANISMS
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2. INTERACTION BETWEEN NO AND

ENDOTHELIN

Similar to the interaction between nitrergic and nora-

drenergic pathways, vasoconstrictive actions of

endothelin have been shown to be inhibited by NO

during erection [222]. Since endothelin and noradre-

naline share many intracellular contractile pathways,

it would be interesting to study the interaction point

of NO and endothelin in the smooth muscle cell.

3. CHOLINERGIC INTERACTION WITH

NITRERGIC AND ADRENERGIC NERVES

Erection is initiated by a sacral parasympathetic

nerve input, the preganglionic neurotransmitter of

which is acetylcholine. Because of this fact, it was

initially assumed that post-ganglionic cholinergic

nerves were the direct mediators of the penile smoo-

th muscle relaxation. As it has already been explai-

ned above, it is now known that the relaxation of the

smooth muscle is mediated by NO. Acetylcholine

could be causing the release of NO from endothe-

lium by activating the muscarinic receptors as men-

tioned above. The direct effect of acetylcholine on

the smooth muscle is, interestingly, contraction.

Nevertheless, cholinergic nerves are present in the

corpus cavernosum and seem to have a modulator

role on the other neuroeffector systems. Acetylcholi-

ne inhibits neurogenic relaxation medited by NO in

dog cerebral arteries [223,224]. In contrast, physo-

stigmine (an inhibitor of acetylcholinesterase that

potentiates acetylcholine-mediated effects) signifi-

cantly potentiates neurogenic relaxation of human

corpus cavernosum smooth muscle [128], suggesting

the possibility that acetylcholine, via muscarinic

receptors on nitrergic nerves, potentiates NO release

in human penile tissue. In other parts of urogenital

tract, NO has been shown to inhibit the release of

acetylcholine [225]; whether or not a similar interac-

tion occurs in the penile smooth muscle needs to be

investigated.

Adrenergic nerves receive inhibitory interneuronal

cholinergic modulation. The interaction of acetyl-

choline with muscarinic receptors in the adrenergic

nerves reduces their release of noradrenaline

[73,128]. This prejunctional regulation, therefore,

would favor erection through the decrease of

constrictor adrenergic tone. 

In summary, cholinergic activity in the corpus caver-

nosum would have a modulatory role facilitating

erection, on one hand reducing constrictor tone

(adrenergic) and on the other facilitating NO-media-

ted relaxation (figure 17). In fact, the blockade of

muscarinic receptors reduces the erectile responses

to cavernous nerve stimulation [226,227].

4. INTERACTION BETWEEN PROSTANOIDS AND

THE ADRENERGIC AND NITRERGIC ACTIVITIES

In addition to their role as relaxants of trabecular

smooth muscle as previously mentioned, and that of

regulators of the collagen synthesis [228], also,

PGE1 modulates adrenergic nerves through a pre-

junctional mechanism. It has been demonstrated in

human cavernous tissue that PGE1 inhibits the relea-

se of noradrenaline by adrenergic nerves [229].
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Figure 17 : Regulation of penile

smooth muscle tone by adrener-

gic, cholinergic and nitrergic

mechanisms. ACh, acetylcholine;

DP, type D prostanoid receptor;

EP, type E prostanoid receptor; M,

muscarinic receptor; NE, norepi-

nephrine; NO, nitric oxide; αα1,

type 1 αα-adrenoceptor; αα2, type 2

αα-adrenoceptor; αα2, type 2 αα-

adrenoceptor.



PGE1, therefore, may promote erection by their

direct relaxing effect on the muscle and by its indi-

rect effect of reduction of adrenergic tone. Certain

prostanoids, such as PGD2 , have the opposite effect,

since they facilitate the release of noradrenaline by

adrenergic nerves [229].

On the other hand, an interaction of PGE1 with the

NO pathway has been suggested. Repeated treatment

with PGE1 upregulates eNOS and nNOS, leading to

increased NO generation and improved erectile res-

ponses in rats [230]. In addition, a synergistic inter-

action of PGE1 and NO to relax human corpus

cavernosum has been observed [231]. 

Normal erectile function requires the involvement

and coordination of multiple regulatory systems and

is thus subject to the influence of psychological, hor-

monal, neurological, vascular and cavernosal factors.

An alteration in any of these factors may be suffi-

cient to cause ED, but in many cases a combination

of several factors is involved.

Erection can be initiated in the brain (central erec-

tion) and/or follow genital stimulation (reflex erec-

tion). The combination of both is probably involved

in sexual activity.

Events that disrupt central neural networks or the

peripheral nerves involved in sexual function can

cause ED. This form of ED has been termed “neuro-

genic impotence”. It has been estimated that 10 to

19% of ED is of neurogenic origin [232,233]. If one

includes iatrogenic causes and mixed ED, the preva-

lence of neurogenic ED is probably much higher.

While the presence of a neurologic disorder or neu-

ropathy does not exclude other causes, confirming

that ED is neurogenic in origin can be challenging.

1. THE ETIOLOGIES OF NEUROGENIC ED CAN

BE CLASSIFIED AS:

• Peripheral (peripheral ED)

• Spinal (sacral-peripheral ED, suprasacral-central

ED)

• Supraspinal (suprasacral ED)

Peripheral ED can be secondary to the disruption of

sensory nerves that bring local information to the

brain and contribute the afferent arm of reflex erec-

tion, or to the disruption of autonomic nerves which

mediate arterial dilation and trabecular smooth

muscle relaxation. (Tables 1, 2, 3)

ED from central origin can occur from lack of exci-

tation or increase inhibition of central autonomic

pathways. 

2. ERECTILE DYSFUNCTION IN SPINAL CORD

INJURY

Men with spinal cord injury have several associated

sexual dysfunctions including alterations in ejacula-

tion, orgasm and erectile function. Patients are fre-

quently young and face a life long perspective of dif-

ficulties in their sexual and reproductive capacities.

The degree of completeness and the level of the

lesion determines the erectile function of the patient

[245]. In general patients with lesions above the

sacral parasympathetic center maintain reflexogenic

erection. In these patients minimal tactile stimulation

can trigger erection, albeit of short duration, requi-

ring continuous stimulation to maintain erection

[245]. If the lesion is incomplete patients can receive

I. NEUROGENIC ERECTILE 

DYSFUNCTION

C. PATHOPHYSILOGY OF

ERECTILE DYSFUNCTION
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Table 1 : Peripheral ED

Local etiologies

Surgery Trauma Pelvic pathology 

Peripheral Neuropathies

TOXINS METABOLIC DISORDERS INFECTIOUS DISEASES OTHERS

Organic compounds Diabetes mellitus Leprosy Systemic lupus erythematosus

Heavy metals Alcoholism HIV Hematochromatosis

Peptide neurotoxins Uremia Viral infections

Hypothyrodism

References [18,232,234-237]



input from psychogenic erection and maintain erecti-

le function. Patients with significant lesions affecting

the sacral parasympathetic center do not have reflex

erections and have severe erectile dysfunction [245].

3. ERECTILE DYSFUNCTION AFTER RADICAL

PELVIC SURGERY

The mechanism of erectile dysfunction after radical

prostatectomy or cystoprostatectomy is usually neu-

rologic but can also be vascular (due to disruption of

anomalous pudendal arteries that course the anterior

aspect of the prostate) [248]. The neurologic lesion

occurs in the pelvic plexus or in the cavernosal

nerves located in the postero-lateral aspect of the

prostate. The incidence of erectile dysfunction after

radical bladder or prostate surgery, was in the past in

the vicinity of 100 %, but has improved with the

introduction of nerve-sparing procedures. Mainte-

nance of erectile capacity with these techniques

varies between 35% and 68% depending on the sur-

gical technique, the clinical and pathological staging

of the tumor and the age of the patient [249,250].

Recovery of erectile function after radical pelvic sur-

gery can be slow over the course of 12- to 18 months.

Early treatment (with self intracavernosal adminis-

tration of vasoactive agents) of these patients has

been shown to improve the probability of recovering

erectile function. It is believed that the pharmacolo-

gically-induced erections prevent the structural tis-

sue changes associated with the prolonged ischemia

associated in turn with infrequent or no erections

during the nerve recovery process. 

Arterial lesions in the pudendal arteries are much

more common in impotent men than in general popu-

lation of similar age [251]. Moreover, erectile dys-

function is more frequent in patients with other signs

of atherosclerotic disease such as ischaemic heart

disease and arterial leg disease [252-254], and erec-

tile dysfunction and cardiovascular disease share the

same risk factors such as hypertension, diabetes mel-

litus, hypercholesterolemia and smoking [105,253]

(figure 18). This led to the suggestion that erectile

dysfunction is another manifestation of vascular

disease [255]. Morley and colleagues [256] also

observed that a low penile brachial pressure index

did seem to predict major vascular events like myo-

cardial infarction and cerebrovascular events.

1. ERECTILE DYSFUNCTION AND ATHEROSCLE-

ROSIS / HYPERCHOLESTEROLEMIA

Originally arterial disease and impotence were lin-

ked together by the French surgeon Leriche, who in

1940 noted that a majority of patients with occlusive

arterial disorders at the bifurcation of the aorta into

the two major arterial trunks of the common iliac

II. VASCULAR ERECTILE 

DYSFUNCTION
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Figure 18 : Ischaemic heart disease (IHD) and erectile dys-

function (ED) share risk factors.

Table 2 . Spinal ED

• Multiple sclerosis

• Spinal cord injury

• Tumor

• Syringomyelia

• Transverse myelitis

• Arachnoiditis

• Disk disease

• Myelodysplasia

References [238-245]

Table 3.  Brain ED

• Tumor

• Stroke

• Encephalitis

• Parkinson's disease

• Various dementias

• Olivopontocerebellar degeneration (Shy-Drager syndrome)

• Epilepsy (temporal lobe)

References [232,246,247]



arteries suffered from failure of erectile capacity

[257]. The cause for erectile dysfunction in these

patients can probably be ascribed to the presence of

a flow limiting stenosis caused by atherosclerotic

lesions in the large artery. This is associated with a

reduced blood flow to corpus cavernosum during

erection.  

In a rabbit model where proximal atherosclerotic

lesions were induced by ballon-deendothelization of

the iliac arteries and feeding a cholesterol-rich diet,

it was followed by vasculogenic erectile dysfunction

[258]. The erectile dysfunction in these animals can

probably be ascribed to both a limited iliac blood

flow and corporal veno-occlusive dysfunction due to

a decreased expandability of the trabecular smooth

muscle [259,260]. The authors have later demonstra-

ted in the same animal model that chronic ischaemia

provoked by stenosis of the proximal iliac artery is

also associated with functional changes in the distal

part of the penile vasculature such as decreased NOS

activity, reduced endothelium-dependent and neuro-

genic NO-mediated relaxation in cavernosal tissue

[261,262]. NO inhibits endothelial eicosanoid and

superoxide production [263]. This observation may

explain that in the rabbit model the impaired NO for-

mation is associated also with increased production

of contractile thromboxane and prostaglandin forma-

tion and potentiation of neurogenic contractions of

the cavernosal smooth muscle [261,262]. In the lat-

ter studies the reduced NOS activity in these rabbits

can probably be explained either by decreased NOS

expression or a defect in the enzyme. The above-

mentioned studies, although extensive are concerned

with the combined effect of hypercholesterolemia

and ischaemia and do not allow to distinguish the

influence of chronic ischaemia alone on the erectile

apparatus. Moreover, in cholesterol-fed rabbit model

the plasma cholesterol is extremely high (925 mg/dl

or 20-25 mmol/l, [262]), and there is also an increa-

se in liver weight [264] probably leading to altered

metabolization of steroid hormones and hence

expression of NOS in erectile tissue. In contrast to

the changes induced in the penile vascular bed by

atherosclerotic lesions in the large or conductive

arteries, hypercholesterolemia appears to have an

effect “per se” on the vasculature. Oxidized low den-

sity lipoproteins (ox-LDL) inhibit the endothelium-

dependent NO-mediated relaxations in rabbit large

arteries [265], but this does not appear to be the case

in small systemic arteries [264] or the trabecular

smooth muscle [266]. In the latter study the lipopro-

teins did not interfere with the NO/cGMP-pathway,

but ox-LDL induced contractions [266], and these

contractions are probably mediated through

increases in intracellular inositol phosphate and cal-

cium [267]. In contrast, chronic hypercholesterole-

mia reduces endothelium-dependent relaxations, but

not the endothelium-independent relaxations in the

corpus cavernosum [268-270]. It has earlier been

found that endothelium-dependent relaxation was

impaired only in systemic arteries with atherosclero-

tic lesions [271,272]. In the rabbit corpus caverno-

sum ultrastructural studies have also revealed an

early atherosclerotic process in the cavernosal sinu-

soids [269]. In contrast to the endothelial NO/cGMP-

pathway, the neuronal vasodilation does not appear

affected in hypercholesterolemic rabbits [262]. The

selective affection of the endothelial NO/cGMP-

pathway in hypercholesterolemia could be ascribed

to an increased superoxide production [270] or the

presence of an increased endogenous production of

NOS inhibitors such as L-NMMA and ADMA. L-

arginine supplementation reverses the impairment of

the endothelium-dependent relaxations [262], and

this observation supports that endothelial dysfunc-

tion is due to an increased endogenous production of

NOS inhibitors. Further studies must clarify whether

hypercholesterolemia has induced structural and

functional changes in the distal part of the penile vas-

cular bed in patients with erectile dysfunction.

In patients with hyperlipidemia and treated with sta-

tins such as simvastatin and pravastatin and referred

to a clinic for primary hyperlipidaemia, an increased

risk for erectile dysfunction was reported [273].

Moreover, five patients with coronary artery disease

developed erectile dysfunction one week after star-

ting treatment with simvastatin, and sexual function

was restored after stopping the treatment, furthermo-

re, erectile dysfunction recurred when two of the

patients were rechallenged [274]. No control patients

were included in the latter study. In contrast, others

in a cross-over study of 22 men with hypercholeste-

rolemia randomized for placebo, simvastatin, or

lovastatin, found an increase in nocturnal tumescen-

ce after 2 weeks, although the increase was not signi-

ficant after 6 weeks treatment [275]. Evaluation of

the frequency of erectile dysfunction reported in the

Scandinavian simvastin survival study, where 4444

patients with coronary heart disease were randomi-

zed to treatment with simvastatin or placebo for up to

6 years, erectile dysfunction was found in 28 place-

bo-treated patients with 8 resolved cases, while erec-

tile dysfunction was present in 37 simvastatin-trea-

ted patients with 14 resolved cases [276]. Therefore,
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in patients treated with statins an underlying diseased

vasculature rather than the drug appears the cause of

erectile dysfunction.

Lipid-lowering therapy in hypercholesterolemic

patients improve endothelium-dependent vasodilata-

tion measured in the forearm of hypercholesterole-

mic patients probably due to an increased bioavaila-

bility of NO [277]. This suggests that the dysfunction

of the endothelial NO/cGMP-pathway in hypercho-

lesterolemia is reversible. However, it remains to be

elucidated whether this is also the case for the peni-

le vasculature.

2. ERECTILE DYSFUNCTION AND

HYPERTENSION

Hypertension is an independent risk factor for deve-

lopment of erectile dysfunction [253,278,279]. Car-

diovascular complications following hypertension

such as ischaemic heart disease and renal failure are

associated with an even higher prevalence of erecti-

le dysfunction [253,279,280]. However, so far there

are only a few studies which have investigated the

potential determinants for erectile dysfunction in

hypertension. Erectile dysfunction is also more fre-

quent in treated hypertensive patients.

The erectile dysfunction seen in hypertensive men is

probably the result of alterations in a number of the

processes involved in normal sexual function such as

psychogenic factors, neurogenic factors, hormones,

and hemodynamic factors. A number of potential

determinants for erectile dysfunction were examined

in 32 consecutive hypertensive and 78 normotensive

impotent men. Age, body mass index (BMI), hormo-

nal profile, penile arterial flow, risk factors for arte-

rial disease, and the presence of neurological and

psychological abnormalities were evaluated [281].

The overall analysis showed little differences bet-

ween hypertensive and normotensive men with the

exception that hypertensive men had marginally

higher rate of ischaemic heart disesase (P=0.06) and

lower testosterone levels [281]. These studies would

suggest that the determinants in hypertensive and

normotensive with erectile dysfunctions do not

appear to be different.

There are several studies of erectile function in ani-

mal models. Thus, erectile function is decreased in

diabetic rats, and rabbits with atherosclerotic lesions

in the iliac arteries [258,282]. Erectile function, eva-

luated by measuring intracavernosal pressure expres-

sed as percentage of mean arterial pressure, was also

reported to be decreased in spontaneously hyperten-

sive rats (SHR) [101,283,284]. However, the absolu-

te increases in intracavernosal pressure did not

appear different in these studies. Using apomorphine

to elicit erection in young and old SHR suggested

erectile function was improved after 2 weeks treat-

ment with the angiotensin converting enzyme inhibi-

tor, enalapril, but erectile function in normotensive

rats were not reported for comparison [285]. There-

fore, additonal studies and/or other approaches seem

necessary to confirm the presence of erectile dys-

function in these animals.

1. ARTERIAL REMODELING AND ERECTILE

DYSFUNCTION

Erectile dysfunction can be thought of as a three-fold

process where arterial insufficiency is followed by

inability to obtain tumesence due to defective filling

of corpus cavernosum, and faulty veno-occlusion,

although initial alterations in corpus cavernosum and

primary venous leak can also be the cause of erecti-

le dysfunction [286].

Arterial insufficiency is probably preceding corporal

dysfunction and defect venoocclusion (figure 19).

Thus, in a rabbit model where proximal atheroscle-

rotic lesions were induced by ballon-deendotheliza-

tion of the iliac arteries and by feeding a cholesterol-

rich diet, this was followed by vasculogenic erectile

function probably due to ischaemia of the corpora

cavernosa [260]. In organic erectile dysfunction due

to arterial insufficiency, there is lower oxygen ten-

sion in corporeal blood compared to that measured in

patients with psychogenic erectile dysfunction [287].

PGE1 and PGE2 formation is oxygen-dependent and

increasing oxygen tension is associated with a rapid

increase in unstimulated PGE2 followed by suppres-

sion of TGF-ß1-induced fibrillar collagen synthesis

in the rabbit and human corpus cavernosum and vice

versa [160,228,288]. Finally, a decrease in cavernous

trabecular smooth muscle and an increase in connec-

tive tissue is correlated with diffuse venous leakage

and a failure of the venooclussive mechanism, hence

resulting in erectile dysfunction [75,260]. Therefore,

arterial insufficiency followed bv diminished oxyge-

nation of corpus cavernosum, decreased PGE2 pro-

duction, and increased fibrosis play a role in erectile

dysfunction.

III. PATHOPHYSIOLOGICAL

MECHANISMS IN VASCULAR 

ERECTILE DYSFUNCTION
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In addition to proximal stenosis limiting flow, impai-

red penile vasodilation could also be a consequence

of structural alterations in the penile vasculature. A

narrowed lumen or increased wall to lumen ratio in

the arteries contributes to increased peripheral vas-

cular resistance in hypertension [289]. An increased

resistance was also found in the penile vasculature of

spontaneously hypertensive rats (SHR), and these

alterations were ascribed to structural changes of the

arterial and erectile tissue [290-292]. Thus, in erecti-

le tissue from SHR and normotensive WKY rats stai-

ned with Masson trichrome and anti-alpha smooth

muscle actin suggested increased proliferation score

of both cavernous and vascular smooth muscle and a

higher fibrosis score in SHR. The increase in extra-

cellular matrix expansion did seem to affect not only

interstitium but, interestingly, also neural structures

of the penis [291]. Thus, there is definitely a need for

additional morphological studies to elucidate the

changes taking place in erectile tissue both from

patients and experimental animal models with hyper-

tension.

2. INCREASED VASOCONSTRICTION AND

ERECTILE DYSFUNCTION

Enhanced basal and myogenic tone has been obser-

ved in arteries from hypertensive rats [293]. It is

unclear whether enhanced myogenic constriction

reflects a primary pathological defect contributing to

the hypertensive state or a secondary adaptative pro-

cess protecting the exchange vessels from elevated

pressures [294]. Although, the role of myogenic tone

in the penile vasculature for erection remains to be

clarified [295], the increased vasoconstriction could

contribute to decreased arterial inflow and erectile

response in renal hypertensive rats. Studies of the

microcirculation of the gracilis and cremaster muscle

in renal hypertensive rats suggested vasoconstriction

of the arterioles is important initially in renal hyper-

tension, while structural changes such as thickened

wall to lumen ratio and rarefaction become more

important later [296]. Further studies must address

whether enhanced myogenic tone is followed by

structural changes in the penile vasculature at late

stages of renal hypertension.

Activity of adrenergic nerves causes detumescence

of the erect penis, and such activity probably also

maintains the penis in the flaccid state, as indicated

by the erection induced after injection of α-adreno-

ceptor antagonists [297]. Therefore, enhanced ade-

nergic activity keeping the penile smooth muscle

contracted is expected to result in erectile dysfunc-

tion. Sympathetic nerve activity accompanies hyper-

tension in man and hypertensive animals [298,299].

However, in corpus cavernosum from SHR the

content of sympathetic neurotansmitters was found

to be unchanged [300]. Moreover, the enhanced

vasoconstriction of the penile vasculature in SHR

rats induced by infusion of phenylephrine was attri-

buted to hypertrophy of the vascular wall [290]. Nei-

ther the contractions evoked by the α1-adrenoceptor

agonist, phenylephrine, nor the contractions induced

by electrical field stimulation were enhanced in arte-

ries or erectile tissue from renal hypertensive com-

pared to normotensive rats. In view of these findings
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it is unlikely that changes in the peripheral sympa-

thetic neuroeffector junction or responsiveness to α-

adrenoceptor agonists play a role for the decreased

erectile function observed in hypertensive rats.

3. IMPAIRED NEUROGENIC VASODILATATION

AND ERECTILE DYSFUNCTION

Arterial vasodilatation and relaxation of the corpora

cavernosa play a pivotal role for penile erection

[3,295], and therefore impaired neurogenic relaxa-

tion of erectile smooth muscle will be expected to

result in erectile dysfunction. In non-plasma renin-

dependent hypertension neurogenic vasodilatation in

the mesenteric vascular bed was reported either

unchanged [301] or decreased in renal hypertensive

(one-kidney one-clip) rats [302]. Immunohistoche-

mical and functional studies of isolated penile small

arteries indicate that NO is the main neurotransmit-

ter mediating these non-adrenergic non-cholinergic

relaxations to electrical field stimulation [173, 303,

304]. Preliminary data point toward reduced neuro-

genic relaxations altered function of the non-adre-

nergic non-cholinergic vasodilator nerves in penile

arteries from renal hypertensive rats [305].

4. IMPAIRED ENDOTHELIUM-DEPENDENT VASO-

DILATATION AND ERECTILE DYSFUNCTION

In patients with essential hypertension, endothelium-

dependent vasodilatation elicited by infusion of ago-

nists such as acetylcholine, bradykinin, or flow, is

diminished [306-308]. Impaired endothelium-depen-

dent vasodilation is thought to contribute to the

increased peripheral resistance and vascular compli-

cations observed in hypertension. Recent evidence

indicates that profound endothelial dysfunction in

the coronary circulation can predict major coronary

events [309,310].

Studies of endothelial cell function in small arteries

from patients with essential hypertension are contro-

versial, since endothelium-dependent vasorelaxation

induced by acetylcholine was reported to be either

unaltered [311,312] or impaired [313,314]. Endothe-

lium-dependent relaxation of subcutaneous arteries

correlates closely with flow-mediated dilation of the

brachial artery [314]. Endothelial cell dysfunction

measured as blunted acetylcholine vasorelaxation is

evident in small arteries from patients with renovas-

cular hypertension [315,316]. There is an obvious

lack for studies addressing whether endothelium-

dependent vasodilatation in the penile circulation is

altered in hypertensive men. 

Numerous studies have demonstrated impaired

endothelium-dependent vasodilatation in experimen-

tal hypertension, but there are differences both with

respect to type of hypertension, size of arteries stu-

died, and protocol, which have been applied in the

study of endothelium-dependent vasorelaxation.

In the SHR, the relaxing effect of acetylcholine is

blunted both in large and in small arteries [317], and

endothelial dysfunction appears to develop with the

appearance of hypertension. However, the blunted

endothelium-dependent relaxation does seem to

depend on agonist used to increase tension, since

acetylcholine relaxation was abolished in noradrena-

line, but not in vasopressin-activated arteries [318].

In noradrenaline-activated small vessel and aorta

from SHR, the high doses of acetylcholine (> 3 µM)

cause no further relaxation but rather an increase in

tension [317,319]. In the presence of indomethacin,

the differences between acetylcholine responses in

arteries from WKY and SHR disappears [319], and

more recent studies have demonstrated that there is

an enhanced release of thromboxane and superoxide

in arteries from SHR as described below [320,321].

Endothelium-dependent relaxation evoked by acetyl-

choline is also impaired in corporal strips from SHR

rats and these relaxations are also restored in the pre-

sence of indomethacin [284]. Therefore, the patho-

physiological mechanisms affecting endothelium-

dependent relaxation in erectile tissue from SHR

appear similar to those in systemic arteries.

Impairment of endothelium-dependent relaxation

could be ascribed to angiotensin II, since angiotensin

infusion enhances NADPH oxidase and superoxide

production which inactivates NO by promoting its

breakdown and shortening of its half-life [322,323].
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Thus, in SHR, renin-dependent renovascular hyper-

tension (two-kidney one-clip) and hypertension evo-

ked by angiotensin II infusion, enhanced superoxide

production was found to lead to reduced endothelium-

dependent relaxation [323,324] and enhanced vaso-

constriction. However, in man endothelial cell dys-

function was suggested to be linked to hemodynamic

load, and pressure per se impairs endothelium-depen-

dent relaxation in human small arteries [325]. In non-

renin dependent hypertension induced by feeding rats

with deoxycorticosterone acetate-salt, endothelium-

dependent relaxation was also impaired [326]. These

changes suggest that endothelial dysfunction is a

consequence of high blood pressure.

5. PELVIC/PERINEAL TRAUMA

Blunt trauma to the pelvic or perineal region of the

corpora cavernosa has been considered a risk factor

for the subsequent development of persistent ED.

The pathophysiology of traumatic erectile impair-

ment is multifactorial. Both psychogenic and hemo-

dynamic factors have been reported with incidence

of 4% and up to 80%, respectively. A retrospective

nine-year review revealed CVOD prevalence in 62%

and cavernosal arterial insufficiency in 70%. Ano-

ther study reported 52% incidence of ED in patients

who self-reported potency prior to the trauma. It has

been proposed that the traumatic CVOD occurs as a

consequence of focal trauma-induced changes in cor-

poreal tissue compliance [11].

1. DIABETES

Diabetes mellitus (DM) is a common chronic disea-

se throughout the world with a prevalence of 0.5-2%.

It is characterized by hyperglycaemia secondary to

lack of insulin (Type I, insulin dependent DM), or

overproduction of glucose with insulin insensitivity

(Type II, non-insulin dependent DM) which leads to

pathological changes in a number of cellular and

organ systems. There is good epidemiological evi-

dence of a causal link between diabetes and erectile

dysfunction (ED) [327]. The prevalence of ED is

three times higher in diabetic men (28% versus
9.6%) [253], occurs at an earlier age and increases

with disease duration, being approximately 15% at

age 30 rising to 55% at 60 years [328,329]. Erectile

dysfunction amongst men with diabetes is more fre-

quent in those with co-existing neuropathy but the

relationship with vascular disease is less clear. The

prevalence of coronary arterial disease (20%) and

peripheral vascular disease (5%) amongst men with

diabetes is far higher than in the general population;

both common associated physical health risk factors

for ED. Impotence however appears to be equally

common amongst diabetics with and without eviden-

ce of atheromatous vascular disease. 

Diabetes mellitus may cause ED through a number

of pathophysiological changes affecting psychologi-

cal function, CNS function, androgen secretion, per-

ipheral nerve activity, endothelial cell function and

smooth muscle contractility [330]. In a particular

individual the problem may be due to one or a com-

bination of these possible factors. This section will

examine the evidence for a relationship between dia-

betes and penile haemodynamic, endothelial and

smooth muscle dysfunction.

a) Experimental materials

Due to the multifactorial aetiology of ED in DM it is

difficult to isolate haemodynamic factors from other

changes, particularly peripheral neuropathy. Data

have been obtained from results of vascular investi-

gation of penile blood flow in impotent men with

diabetes, responses of isolated human cavernosal tis-

sue and histological studies. Indirect evidence is pro-

vided from isolated forearm blood flow studies and

experiments using other endothelial tissue or cellular

preparations.

The use of animal models such as streptozotocin-

induced diabetic rats and alloxan-induced diabetic

rabbits help the design of experiments focused on

particular aspects of the problem, but extrapolation

to the human condition is problematic. In addition

these animal models tend not to develop long term

atheromatous damage, commonly seen in the human

disease, because of their limited life span.

A substantial body of work looking at the cause of

vascular disease in diabetics is focused on changes in

endothelial cell function, in particular the nitric oxide

(NO)-cyclic GMP (cGMP) signal transduction path-

way. Although not primarily concerned with penile

erection, it seems reasonable to assume that results

obtained from other vascular smooth muscle prepara-

tions will be applicable to endothelial cell - smooth

muscle interaction within the corpora cavernosa.

b) Haemodynamic changes

Penile erection depends upon a greatly increased

blood flow into the corpora cavernosa, which is in

turn dependent upon perfusion pressure, relaxation

of the supplying arterial tree and relaxation of caver-

IV. DIABETES
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nosal smooth muscle. Disturbances of these mecha-

nisms can be clinically detected by anatomical stu-

dies such as angiography or functional studies such

as duplex ultrasonography. 

1 ANATOMICAL IMAGING: Large vessel atheromatous

disease is 40 times more prevalent amongst men with

diabetes compared to non-diabetics and is more com-

monly associated with ED. The only angiographic

study primarily concerned with diabetic patients

found that stenoses of the internal pudendal and, to a

lesser extent, internal iliac vessels were more severe

in men with ED in both diabetics and non-diabetics

[331]. Other less well characterized studies suggest a

greater degree of atheroma occurring at a younger

age in men with diabetes.

2. FUNCTIONAL STUDIES: Men with diabetes show a

reduction in the number and rigidity of nocturnal

erections experienced during sleep [332]. Although

this suggests an organic aetiology the test has many

pitfalls; it has low predictive value and will not dis-

criminate between vascular and neurological causes.

Early diagnostic studies prior to the use of vasoacti-

ve agents relied upon the ratio of penile (measured

by Doppler probe) over brachial blood pressure as an

index of penile arterial insufficiency. Significantly

lower values were found in diabetics compared with

both potent and impotent men without diabetes sug-

gesting penile arterial insufficiency [251]. However

results showed considerable overlap as the method

measured dorsal penile arterial pressure only and

were conducted in the flaccid state, making the

results of limited value. Reported use of artificial

pharmacological erection as a test of intact penile

vasculature is limited to several uncontrolled case

series. In one study 40% of diabetic men with ED

achieved full rigidity following intracavernosal

papaverine (25 mg) compared to 70% in an unselec-

ted group of non-diabetic men with ED [333]. Stu-

dies using duplex ultrasonography following intraca-

vernosal injection of vasoactive agents have found a

high prevalence of penile arterial insufficiency

amongst diabetics with ED ranging from 75 – 100%

[334]. None of these studies found any differences

between men with Type I or Type II DM. In general

it can be said that atheromatous disease is more com-

mon in diabetic men and such disease within the

penile arterial tree is associated with ED.

2. THE EFFECT OF DIABETES ON CAVERNOSAL

TISSUE

a) Structural changes: One study using electron

microscopy has shown ultrastructural changes in

cavernosal tissue from diabetic men compared with

controls [335]. These include reduction in smooth

muscle content, increased collagen deposition, thic-

kening of the basal lamina and loss of endothelial

cells. Although these changes were most marked in

tissue from men with diabetes they were also seen in

those with other non-diabetic causes. Several studies

in animal models of diabetes have confirmed loss of

smooth muscle and endothelial cells, increased col-

lagen deposition in the corpus cavernosum, increa-

sed thickness of tunica albuginea and neurodegene-

rative changes in the erectile parasympathetic nerve

fibers [336-338].

b) Functional changes: A number of studies testing

the response of isolated preparations of human

cavernosal tissue to contractile and relaxant agents

have found differences in tissue responses from dia-

betic and non-diabetic men. These experiments

generally measure relaxant responses in tissue strips

pre-contracted with α-adrenergic agonists. The stu-

dies have consistently found a reduction in the

relaxation responses mediated by endothelial and

neurogenic NO in corpus cavernosum from diabetic

impotent men and diabetic animals [339-341]. In

comparison to control tissue from potent men, speci-

mens from diabetic men showed a similar impair-

ment in relaxant responses to non-diabetics with

severe arterial disease or veno-occlusive dysfunc-

tion, suggesting a common aetiology [340]. Relaxa-

tion evoked by nitrovasodilators such as sodium

nitroprusside were similar in tissue from diabetic

men with impotence, to those with non-diabetic

impotence and controls, suggesting that the cellular

events following NO release are not impaired [339-

340]. Relaxation following PGE1, which is mediated

through cAMP was significantly impaired compared

to control tissue in one reported study [342]. One

study has looked directly at NO formation following

relaxant nerve stimulation in tissue from impotent

men with and without diabetes compared to controls

[341]. Neurogenic NO formation was significantly

impaired amongst men with diabetes and vascular

impotence compared to those with non-vascular

impotence and controls. This was mirrored by redu-

ced magnitude of the relaxant response. Subsequent

cGMP formation was also reduced, although diffe-

rences were less clear. These studies suggest a speci-

fic impairment in NO synthesis or release which

appears common to diabetic and non-diabetic men

with clinical evidence of vasculogenic impotence.

Direct smooth muscle relaxation with various phar-
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macological agonists appears unimpaired. A possible

aetiology to explain these findings is the presence of

elevated levels of advanced glycosylation end pro-

ducts (AGEs) in diabetics which act as oxidative free

radicals and quench NO as it is released, thus pre-

venting its relaxant action on smooth muscle. One

study has found increased levels of AGEs in the

cavernosal tissue of impotent men with diabetes

compared to a non-diabetic impotent control group

[343]. The researchers went on to speculate that

AGEs may increase the expression of inducible type

II NOS (iNOS) which in turn down-regulates eNOS.

The contractile responses to α-adrenergic agonist

were similar in tissue from diabetic and non-diabetic

men with impotence [340]. Recording of responses

to endothelin-1, an endogenous contractile agent,

revealed no change in smooth muscle responsiveness

between potent men and those with ED irrespective

of whether diabetes was present, suggesting that

endothelin is unlikely to have a role in diabetic impo-

tence [84]. A closer examination of the kinetics of

cavernosal smooth muscle contraction suggested that

tissue responsiveness to α-adrenergic agonist was

higher in men with Type I diabetes, but unchanged in

Type II, this however remains to be confirmed by

other studies [344]. Overall there is limited equivo-

cal evidence suggesting that smooth muscle contrac-

tility to adrenergic stimulation may be impaired in

cavernosal tissue from men with diabetes. 

All such studies using human tissue report a hetero-

geneous group of impotent men, generally with seve-

re erectile dysfunction. In addition sample size, par-

ticularly in potent control groups, is small, hampe-

ring firm conclusions on the data presented.

It does appear that physiological pathways of relaxa-

tion of corpus cavernosum are impaired in impotent

men with diabetes and that the main area of dysfunc-

tion appears to be at the level of NO synthesis and

release rather than the transduction pathway within

the smooth muscle cell.

3. ANIMAL MODELS

In the streptozocin-induced diabetic rat incubation of

cavernosal tissue with low concentrations of sodium

nitroprusside (a NO donor) resulted in higher levels

of cGMP than healthy controls. Similarly, incubation

with PGE1 produced higher levels of cAMP in the

diabetic group [345]. In diabetic rabbits, three

months of diabetes yielded neither alteration in

cGMP generation in response to an NO-donor nor in

cAMP generation in response to PGE1 or forskolin

an adenylyl cyclase activator. Production of cAMP in

the presence of PGE1 or forskolin was significantly

reduced after six months of diabetes [346]. 

Endothelial and neurogenic relaxant responses

mediated by NO are impaired in diabetes [347-349].

The decrease in availability of NO in diabetic penis

has been suggested by several groups to be due to a

decrease in nNOS and/or eNOS protein content

[221,350-355] although some has found either no

change [356] or an increase in nNOS [357]. The

decrease in nNOS has been attributed to nitrergic

nerve degeneration [221,351] or diabetes-induced

alteration in nNOS expression which is reversible by

insulin [352]. Further studies are required in order to

understand the molecular mechanisms involved in

changes in nNOS expression during diabetes.An

alternative pathway of relaxation involving the relea-

se of the prostanoid, prostacyclin was also found to

be impaired amongst diabetic rabbits and rats

[346,358].

Increased smooth muscle tone may result from the

alteration of the expression of endothelin receptors.

ETB receptors [359] and, more recently, ETArecep-

tors [360] have been found to be upregulated in

cavernosal tissue from diabetic rabbits. This latter

study reported an increased sensitivity to endothelin

in diabetic corpus cavernosum, resulting in increased

tone. In the presence of high bathing sugar solutions,

mimicking the hyperglycaemic state, responses of

rabbit corpus cavernosus to acetylcholine were

impaired. This effect was reversed by both indome-

thacin and superoxide dismutase suggesting the

involvement of prostaglandins and free oxygen radi-

cals [361]. There was no change to the response evo-

ked by nitrovasodilators in this study, suggesting a

mechanism through reduced activity of eNOS. In

another study using alloxan-induced diabetic rabbits

the relaxant response to SNP was again unaffected

but neurogenic relaxation was impaired and remai-

ned so despite insulin treatment [362]. In contrast the

impairment in acetylcholine-induced relaxation via

eNOS was reversed by treatment with either insulin

or L-arginine.

Data from animal studies is far from complete, but

despite conflicting results, some tentative conclu-

sions can be drawn which can then be fitted into the

prevailing view of the aetiology of generalized dia-

betic vascular pathophysiology. There appears to be

a consistent finding of impaired endogenous NO-

evoked relaxation from both neural and endothelial

sources. The contractility of cavernosal smooth
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muscle itself appears unaffected. This is in agree-

ment with the findings in human tissue described

above and suggests a defect in the formation or relea-

se of NO rather than in the signal transduction path-

way within the smooth muscle cell. A possible patho-

logical mechanism for these events is the NO-quen-

ching action of elevated levels of AGEs.

a) Generalized endothelial dysfunction in diabetes

Introduction: Endothelial cells form a permissive

layer that regulates the flow of nutrients and the

action of bioactive molecules circulating in the blood

upon the underlying tissue, particularly vascular

smooth muscle. This is achieved by a wide range of

membrane-bound receptors and junctional proteins.

The endothelium also secretes vasoactive molecules

that regulate blood flow in a paracrine fashion

through induction of changes in vascular smooth

muscle tone. Knowledge of endothelial physiology

and pathophysiology in diabetes is chiefly derived

from experimental data from in vivo measurements

of blood flow in human subjects and laboratory ani-

mals together with cell biological studies using endo-

thelial cell cultures from a variety of animal and

human tissues. The main clinical marker for endo-

thelial dysfunction in diabetics is the presence of

microalbuminuria indicating the presence of renal

microangiopathy. This occurs in approximately 50%

of diabetics, the reason why the remainder are pro-

tected is unknown. 

1. VASOREGULATION: Nitric oxide is released from

endothelial cells through the action of type III NO

synthase (eNOS) located within the cellular mem-

brane. The enzyme is activated by the binding of

various agonists such as thrombin, adenosine 5’-

diphosphate, bradykinin, substance P and acetylcho-

line to specific membrane receptors and also by gene

amplification stimulated by sheer stress. The relea-

sed NO relaxes underlying vascular smooth muscle

and may also be involved in enhancing endothelial

repair following injury. The endothelium also

secretes endothelium-derived hyperpolarising factor

(EDHF) which enhances muscarinic receptor-media-

ted smooth muscle relaxation. The other major

vasoactive molecule expressed by the endothelium is

the potent vasoconstrictive agent, endothelin-1. This

is formed by gene transcription stimulated by

hypoxia, sheer stress and ischaemia. Endothelin acts

through G-protein coupled ET-A receptor activation

which elevates plasma calcium and hence causes

contraction. The eicosanoid, prostacyclin (PGI2) is

also produced by the endothelium and acts as a para-

crine signalling molecule, inducing vascular smooth

muscle relaxation through the IP receptor. It is main-

ly implicated in the regulation of vascular tone in

areas of injury or disease. 

The following section describing our present know-

ledge of the effects of diabetes on endothelial cell

physiology uses a number of recent specialist

reviews to which the reader is referred for more

information [363-369].

2. EFFECT OF DIABETES ON ENDOTHELIAL CELL TURNO-

VER: Exposure to hyperglycaemia induces increased

expression of collagen, decreased proliferation and

increased programmed cell death (apoptosis). This

has an adverse effect on repair mechanisms, enhan-

cing the progressive damage associated with atheros-

clerotic injury. Expression of the cytokine TNF-α is

also increased resulting in further endothelial cell

destruction.

3. EFFECT OF DIABETES ON NITRIC OXIDE SYNTHASE:

Insulin is thought to enhance NOS activity by increa-

sing transport of L-arginine into the cell and furni-

shing greater quantities of the essential co-factor

NADPH. These effects are reversed in the insulin

lack or insulin resistance of diabetes. Plasmatic

concentration and vascular content of L-arginine are

reduced in diabetic rats [370]. Arginase is an enzyme

that competes with NOS for the substrate, L-argini-

ne. The inducible form of the enzyme, arginase II, is

overexpressed in corpus cavernosum from diabetic

patients, where inhibition of arginase restores NOS

activity [371]. Intracellular availability of L-arginine

in diabetic cavernosal tissue could be reduced not

only by transport impairment but also by excessive

metabolization through arginase pathway.

Enhancement of NOS activity also occurs following

exposure to adenosine, a potent circulating vasodila-

tor. Some work has suggested a decreased responsi-

veness of endothelial cells to adenosine in gestatio-

nal diabetes. The ratio of reductase co-factors

NADH/NAD+ is increased in diabetes. This reduces

the levels of NADPH, an essential co-factor for NOS

and increases the levels of calcium-elevating second

messengers such as diacylglycerol (DAG) and pro-

tein kinase C (PKC) thus increasing smooth muscle

contractility. Interestingly, glucose-induced eleva-

tion of PKC seems to be mediated by oxidative stress

in rabbit corpus cavernosum smooth muscle cells

[372]. 

4. EFFECT OF DIABETES ON NITRIC OXIDE-MEDIATED

ENDOTHELIUM-DEPENDENT VASODILATATION: A number

of human studies using arm vein plethysmography

have demonstrated fairly consistent findings. Basal
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levels of NO-mediated endothelium-dependent vaso-

dilation appear similar to normal controls. The res-

ponse to exogenous nitrovasodilators and some phy-

siological agonists is blunted, whilst infusion of

muscarinic agonists produces similar degrees of

increased blood flow to control. One study has sug-

gested that in well controlled diabetics vasoactivity

appears normal. In experimental animals blood flow

responses appear to be enhanced in the early stages

of the disease with decreased responses becoming

prevalent with increasing disease duration. Isolated

reports also suggest increased endothelin levels in

patients with NIDDM which may act to indirectly

reduce dilator response.

5. EFFECT OF DIABETES ON EDHF-MEDIATED ENDO-

THELIUM-DEPENDENT VASODILATATION: In human

penile arteries, EDHF plays a significant role in

endothelium-dependent relaxation [108]. Responses

attributable to EDHF have been found impaired in

the vasculature of diabetic animals and, interestingly,

EDHF-mediated endothelium-dependent relaxation

is significantly reduced in penile resistance arteries

from diabetic patients [373]. Defective EDHF-

mediated responses could then contribute to endo-

thelial dysfunction in diabetic penile tissue. 

6. ENHANCEMENT OF OXYGEN FREE RADICAL PRODUC-

TION IN DIABETES: A body of evidence exists detailing

various mechanisms by which levels of oxygen free

radicals may be elevated in diabetes which quench

released NO thereby reducing the vasodilator res-

ponse. The most important appears to be the forma-

tion of products of protein non-enzymatic glycosyla-

tion (glycation). Glucose reacts non-enzymatically

with the amino groups (lysine, arginine or N-termi-

nal) of proteins forming Schiff bases and Amadori

products to finally produce advanced glycosylation

end products (AGEs). This process, the Maillard

reaction, is known to generate reactive oxygen spe-

cies (ROS). In fact, glycated proteins are a source of

ROS [374]. Glycated hemoglobin, an Amadori pro-

duct wich is increased in diabetes, impairs endothe-

lium-dependent relaxation in aorta [375] and corpus

cavernosum [376] from diabetic rats, an effect which

is reversed by superoxide dismutase (SOD), the sca-

venger of superoxide anions. In human penile tissue,

diabetes is associated with increased content of

AGEs [343]. 

In animal models, inhibition of AGE formation

improves endothelium-dependent relaxation [377]

and restores erectile function [378] in diabetic rats.

These evidences suggest a role for intermediate and

advanced glycation products in the diabetic impair-

ment of penile endothelial function. In human diabe-

tic vascular tissue, the increased activity of

NAD(P)H oxidase has been proposed as an impor-

tant source of ROS impairing NO bioactivity [379],

but the relevance of this mechanism in diabetic peni-

le tissue needs confirmation. However, irrespective

to the source of ROS, oxidative stress interferes with

endothelial function in diabetic erectile tissue. This

is supported by the potentiating effect of SOD or the

natural antioxidant, vitamin E, on endothelium-

dependent relaxation of corpus cavernosum from

rabbits and mice respectively [380,381]. In diabetic

rats, preventive treatment with another antioxidant,

α-lipoic acid, precluded the appearance of endothe-

lial dysfunction in cavernosal tissue, while restorati-

ve treatment with this antioxidant only partially

reversed the impairment of endothelium-dependent

relaxations [348]. This observation indicates that,

once established, a part of the damage induced by

ROS in endothelial cells remains despite the subse-

quent treatment with antioxidant. 

They may also have a further role in endothelial cell

dysfunction by increasing inflammatory cell activity.

Elevated PKC levels may also induce the formation

of excess free oxidative radicals. Increased sorbitol

production in the diabetic state encourages hydrogen

peroxide formation which again enhances quenching

of NO causing oxidative stress injury.

7. SUMMARY: Diabetes causes generalised endothe-

lial cell dysfunction which results in increased pre-

valence of vascular disease in both type I and type II

diabetics. Particular important effects are reduced

activity of eNOS, diminished effect of released NO

and the presence of oxidative free radicals including

AGEs.

1. INTRODUCTION

The basic anatomical units subserving penile erec-

tion are the paired corpora cavernosa which begin to

differentiate from the genital tubercle in the third

month of embryological life. As part of this differen-

tiation, growth of a vasculature and nerve supply

appropriate to their ultimate erectile function is indu-

ced. It is therefore apparent that physical causes of

primary ED are likely to relate to maldevelopment of

the corpora or their blood and nerve supply. In addi-

tion vascular or neurological damage may occur

during foetal life or childhood. 

V. PRIMARY ERECTILE 

DYSFUNCTION
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Primary psychological dysfunction can also occur

and is usually related to anxiety about sexual perfor-

mance stemming from adverse childhood events or

traumatic early sexual experience. Endocrine abnor-

malities, particularly low testosterone levels, may

also be implicated in primary ED although lowered

sex drive is likely to be the main symptom. Eviden-

ce to support these concepts is confined to observa-

tion studies with varying numbers of cases. The lar-

gest study described 67 patients of whom 10 (15%)

had a predominant psychological cause [382]. Those

with physical abnormalities had a variety of neurolo-

gical, arterial and veno-occlusive dysfunction.

2. MICROPENIS

Symmetrical hypoplasia of the phallus, micropenis,

is often related to urethral developmental abnormali-

ties such as hypospadias and epispadias [383] or can

have an endocrine or idiopathic aetiology. The erec-

tile tissue in such cases often functions normally;

sexual dysfunction usually relates to lack of penile

length or the degree of chordee rather than ED [384].

3. VASCULAR ANOMALIES

Primary erectile dysfunction in the presence of an

externally normal phallus is unusual and our know-

ledge of possible causes is derived from isolated case

reports. Authors have described structural abnorma-

lities of the cavernosal tissue such as absence [385]

or replacement by fibrous tissue [386]. Others have

found vascular abnormalities including hypoplasia

of the cavernous arteries [387] or veno-occlusive

dysfunction due to aberrant cavernosal venous drai-

nage [388]. The underlying cause of these congenital

abnormalities is unknown but may be the result of

genomic mutations or local growth factor deficiency.

Treatment in most described cases was by implanta-

tion of penile prosthesis.

4. GENETIC CAUSES

Developments in cell biology and genomic research

have stimulated the search for genetic factors in the

causation of ED. Possible examples include the stub-

by gene mutation in mice [389] and genetic poly-

morphism in humans [390]. Such evidence suggests

that a sub group of men may be made more suscep-

tible to cavernous damage in later life by the presen-

ce of particular genetic environment.

5. SUMMARY

Pure congenital causes of ED are unusual since most

abnormalities result in a functional micropenis. The

presence of genetic polymorphism that predispose to

the development of ED in the ageing male is an inter-

esting possibility that is likely to be the subject of

further research as rapid sequencing genomic tech-

nology continues to be refined.

1. INTRODUCTION

It has been known for many years that men suffering

chronic renal failure requiring renal replacement the-

rapy have a high prevalence of sexual dysfunction of

the order of 20-50% [391]. A recent well performed

cross sectional study demonstrated a prevalence of

severe self-reported ED amongst men on haemodia-

lysis of 45% [392]. The risk was increased by older

age, diabetes and non-use of angiotensin converting

enzyme (ACE) inhibitors. Many of the pathophysio-

logical effects of persistent uraemia can potentially

contribute to the development of ED including dis-

turbance of the hypothalamic-pituitary-testis sex

hormonal axis, hyperprolactinaemia, accelerated

atheromatous disease and psychological factors

[393]. The underlying pathophysiology of ED indu-

ced by chronic uraemia has been the subject of expe-

rimental studies in both man and laboratory animals.

2. ANIMAL STUDIES

Studies of the L-arginine-nitric oxide (NO) pathway

in erythrocytes suggest that uraemia results in a

decrease in bioavailable NO [394]. These findings

have stimulated experiments to determine the effect

of chronic uraemia on cavernosal smooth muscle in

animal models. By means of in vitro experiments

using cavernosal strips obtained from a rabbit model,

Sarioglu and co-workers demonstrated that a chronic

uraemic state resulted in impaired nerve and endo-

thelial-mediated relaxation of cavernosal smooth

muscle whilst relaxation induced by NO donors was

preserved. These findings suggest either decreased

production or reduced bioavailability of endogenous

NO [395]. In a similar set of experiments these

Authors found no change in cavernosal relaxant res-

ponse to activation of the purinergic system [396]. In

a rat model, an earlier paper related low serum levels

of testosterone to low intratesticular levels of zinc in

uraemic animals and suggested this may be a factor

in sexual dysfunction [397]. A more recent study

using this model suggested that deficiency of func-

VI. CHRONIC RENAL FAILURE AND

ERECTILE DYSFUNCTION
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tional NO may result from oxidative stress leading to

inactivation of NO by oxygen radicals. Interestingly

this effect was reversed by treatment with Vitamin E,

an antioxidant [398]. Evidence from animal models

of chronic uraemia therefore suggests that a decrea-

se in functional NO may be responsible for vascular

side effects including ED. Several putative mecha-

nisms may be lead to such a deficiency such as redu-

ced bioavailability of the NO substrate (L-arginine),

reduced expression of nitric oxide synthase (NOS)

isoforms in the relevant organs, rapid quenching of

NO by reactive oxygen species that are known to be

increased in CRF, and the accumulation of uraemic

inhibitors of NOS [399].

3. HUMAN STUDIES

There are few experimental studies concerning the

pathophysiology of ED in men with chronic renal

failure in the literature. Those available include

small numbers of subjects and lack control data

making it impossible to reach firm conclusions. Evi-

dence of autonomic neuropathy as a factor contribu-

ting to ED in such men comes from 3 studies which

all found a high rate of abnormalities in vascular and

bulbocavernous reflexes suggesting cavernosal

nerve dysfunction [400-402]. The putative role of

hyperprolactinaemia and zinc deficiency as factors

reducing sexual and reproductive function in men

and women on dialysis prompted researchers to esta-

blish a mechanism. The results were conflicting with

one controlled trial finding no benefit of treatment

with either a prolactin inhibitor or zinc [403], whilst

others found that reduction in prolactin by treatment

with erythropoietin [404] or treatment with zinc sup-

plements [405] improved sexual and reproductive

function in patients with uraemia. The significance

of non-specific factors related to chronic disease

state such as depression and fatigue was suggested

by a case control study that found similar rates of ED

in age-matched men on renal replacement therapy

compared to those with rheumatoid arthritis and nor-

mal renal function [406].

Investigation of cavernosal vascular function in 20

men undergoing renal replacement therapy showed

that 80% had both arterial insufficiency and veno-

occlusive dysfunction [280]. Current knowledge

would suggest that this combination represents failu-

re of sinusoidal relaxation due to functional or struc-

tural alterations of cavernosal smooth muscle. A link

with possible impairment of the NO-cyclic GMP

pathway relating to failure of cavernosal relaxation is

provided by the finding of increased serum levels of

endogenous inhibitors of NO synthesis in uraemic

patients [407].

4. SUMMARY

The cause of the high prevalence of ED amongst

men receiving renal replacement therapy is likely to

be multifactorial. Evidence from animal studies sug-

gest that deficiency of bioavailable NO may be a fac-

tor caused by reduced synthesis or rapid removal by

free radicals (figure 21). This mechanism is similar

to that proposed for the aetiology of hypertension in

renal failure, a link supported by lower rates of ED

in uraemic men treated with ACE inhibitors.

1. INTRODUCTION

Erectile dysfunction is a common symptom amongst

older men and will inevitably co-exist with other

physical conditions prevalent in this population such

as depression, diabetes and cardiovascular disease

which are themselves risk factors for ED [253]. In

addition, sexual symptoms related to medication can

involve a combination of complaints concerning

sexual desire, arousal and orgasm rather than being

concentrated on ED alone. Self-reported and ques-

tionnaire data concerning ED as a side effect of

medication should therefore be interpreted with cau-

tion. In order to confidently establish a causative

relationship, three conditions should be satisfied

(figure 22). There should be a higher prevalence of

ED amongst men taking the drug calculated from

VII. DRUGS CAUSING ERECTILE

DYSFUNCTION
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data with placebo control and stratification for

known risk factors of ED. A greater prevalence of

ED should also be found for the target drug compa-

red to another drug with an equivalent therapeutic

effect using data from a randomised controlled trial,

again with allowance for confounding variables.

Finally, a credible physiological mechanism for the

causation of ED by a particular drug should be pos-

tulated and proven by experimental studies. Animal

models can be useful in this regard to generate hypo-

theses concerning the inhibitory action of prescribed

drugs on erectile function by means of experiments

on isolated cavernosal tissue or the effect on sexual

behaviour in intact animals [3]. Concerning clinical

effects, the occurrence of ED is rarely a primary end

point in therapeutic trials and therefore the above

conditions for proving a causative association are

unlikely to be met in full. The difficulties of this

approach are exemplified by longitudinal data from

the Massachusetts Male Ageing Study (MMAS) sho-

wing that only non-thiazide diuretics and benzodia-

zepines, agents not previously strongly linked to ED,

were independently associated with ED [408]. Des-

pite the excellent design of this study, power was

limited by the need for allowance of multiple

confounding variables. Historically, review articles

generally based opinion on uncontrolled data but the

recent emergence of standardised methodology for

systematic reviews and meta-analyses have increa-

sed the validity of our conclusions concerning the

effect of drugs on sexual function.

2. ANTIHYPERTENSIVE AGENTS

Current recommendations for treatment of hyperten-

sion suggest thiazide diuretics and beta adrenergic

antagonists as first line agents with calcium channel

antagonists, angiotensin-converting enzyme (ACE)

inhibitors and alpha adrenergic antagonists as second

line agents [409]. All drugs have ED listed as a

potential side effect but well designed controlled cli-

nical trials give conflicting results concerning causa-

tive relationships [410]. Animal studies do suggest

possible mechanisms using in vitro and in vivo

methodology [3]. 

a) Diuretics

This class of drug has been extensively studied fol-

lowing early trials which showed a high prevalence

of self-reported ED. Possible mechanisms include

decreased vascular resistance and lowered zinc

levels leading to reduced androgen production

although experimental animal data is lacking. Appro-

priate controlled studies with ED as an end-point

give consistent results despite trends towards lower

dosage schedules. Older treatment regimens using

higher doses of a thiazide showed a significant

increase in ED compared to placebo [411]. Addition

of a thiazide to existing treatment with propanolol or

methyldopa also increased the prevalence of ED,

whilst this effect did not occur when the thiazide was

combined with an ACE inhibitor [412]. Data from a

large UK trial showed that twice as many men taking

thiazides for treatment of mild hypertension reported

ED compared to those treated with propanolol or pla-

cebo, this being the commonest reason for withdra-

wal from the bendrofluazide arm of the study [413].

Similar findings were documented from the Treat-

ment of Mild Hypertension Study (TOMHS) where

the prevalence of ED at 2 years in men taking a low

dose thiazide was twice that of both the placebo

group and those on alternative agents [414]. Interes-

tingly after 4 years of treatment prevalence of ED in

the placebo group approached that of the thiazide

group, a finding not fully explained by dropouts. It

may be that thiazide therapy unmasks latent ED at an

earlier stage rather then being directly causal. A

study comparing sexual side effects in hypertensive

patients treated with a thiazide to those on placebo or

atenolol also found a higher rate of ED in the thiazi-

de group although the affect was ameliorated by

weight loss [415]. It is interesting that treatment with

non-thiazide diuretics was implicated as an indepen-

dent factor for ED in the MMAS since these drugs

have not been systematically assessed for unwanted

sexual effects [408] although it is established that

spironolactone has anti androgenic properties. In

addition, they are infrequently used for hypertension

alone. In summary it is likely that thiazide diuretics
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are associated with ED in men with hypertension

although this may represent unmasking of an exis-

ting problem and the effect can be reduced by life-

style changes, the pathophysiological mechanism is

unknown.

b) ββ- adrenergic Antagonists

Receptor studies show that only 10% of adrenocep-

tors are of the β type and their stimulation is thought

to mediate a relaxant response [3]. This response is

attenuated in vitro by non-selective drugs such as

propanolol, possibly via a pre-junctional β2 receptor

effect [416], but not by cardiac selective agents such

as practolol. Direct cavernosal injection of propano-

lol in the intact animal had no effect however. β anta-

gonists may also exert an inhibitory effect within the

central nervous system, perhaps leading to lowered

sex hormone levels [417]. Data from the MMAS

confirmed higher usage of this class of medication

amongst men with ED, although the significance of

the association disappeared when confounding

variables were taken into account. Interestingly car-

diac selective blockers were the predominant type

used by men in this study. Non-selective drugs such

as propanolol were associated with higher prevalen-

ce of ED compared to placebo or ACE inhibitor

groups in the previously quoted early trials

[412,413]. Later trials using newer agents with

higher selectivity for the β1 adrenoceptor such as

acebutolol have shown a substantial reduction in ED

as a side effect with no difference being found

against the placebo and ACE inhibitor groups [414].

This also applies to the use of selective β-blockers in

the prophylaxis of angina [418]. The clinical eviden-

ce therefore suggests that older non-selective drugs

such as propanolol were associated with higher pre-

valence of ED but this effect is not seen with newer

β1 selective agents.

c) αα-adrenoceptor agents

Animal studies have demonstrated a positive effect

on erection for α-antagonists, particularly those

acting on the α1-receptor, by increasing or prolon-

ging the relaxant response of cavernosal smooth

muscle [3]. In addition, pre junctional α2-receptor

activation modulates the release of noradrenaline,

suggesting a putative relaxant role for α2-blockers.

Direct cavernosal injection of α1-antagonists has

been shown to cause erection in both experimental

animals and humans, although this effect is not seen

by α2 selective drugs [3]. These experimental fin-

dings have been borne out in clinical studies where

drugs such as doxazosin used to treat hypertension

[414] or lower urinary tract symptoms [419] were

not associated with complaints of ED and indeed had

lower rates than placebo groups. Unsurprisingly

drugs stimulatory to the α2-receptor such as clonidi-

ne do result in diminished erectile function both cli-

nically and experimentally by peripheral and central

mechanisms [3,416,420]. The centrally acting drug,

methyldopa, has also been associated with ED in

controlled trials compared with placebo and other

antihypertensive agents [412] and may act by anta-

gonising hypothalamic α2-adrenoceptors.

d) Angiotensin Converting Enzyme (ACE) Inhibi-

tors

These drugs lack any easily appreciated peripheral or

central effect that would potentially interfere with

sexual function. This is supported by an in vivo series

of experiment in normotensive rats which suggested

that the ACE inhibitor, captopril, did not cause any

significant adverse effect on sexual function in

awake rats [416]. The contention is also supported by

clinical studies of hypertension treatment comparing

an ACE inhibitor with other agents and placebo. All

three studies found either no difference compared to

placebo or improved sexual function from baseline

compared to other agents [412,414,417]. According

to an early report, the newest antihypertensive

agents, angiotensin-II receptor antagonists, have a

beneficial effect on existing sexual dysfunction at

baseline and have no adverse sexual effects during

12 months of treatment [421].

e) Calcium Channel Antagonists

Smooth muscle contraction requires increased cyto-

solic calcium derived from internal stores and extra-

cellular fluid. It would therefore be anticipated that

calcium channel antagonists would have a permissi-

ve effect on penile erection but might inhibit bulbos-

pongiosal contraction during ejaculation. This

contention is supported by findings of in vitro studies

which demonstrated a modest relaxant effect on iso-

lated cavernosal smooth muscle [3]. Clinical studies

have demonstrated no adverse effect on erection and

ejaculatory complaints seem short-lived [417]. In the

TOMHS study there was no significant excess risk of

ED in the amlodipine group compared to placebo

[414]. Another study also showed no increase in the

prevalence of ED when hypertension was treated

with diltiazem alone or in combination with an ACE

inhibitor [422]. A comparative study of two calcium

channel antagonists showed that neither had any

significant effect on sexual function although two

patients withdrew from the nifedipine arm because

of reduced libido [423].
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f) Summary

Treatment of an asymptomatic abnormality such as

mild to moderate hypertension requires agents with an

acceptable side effect profile to minimise non-com-

pliance. Despite lower dosage thiazide diuretic agents

continue to be associated with higher rates of ED

although this may be reduced by combination therapy

and weight loss. There is no firm evidence to implica-

te other commonly used modern agents in the causa-

tion of ED although alpha antagonists and the novel

angiotensin-II antagonists both tend to improve sexual

functioning during treatment and may therefore be

useful when commencing antihypertensive therapy in

men with pre-existing ED [424] (figure 23).

3. PSYCHOTROPIC MEDICATION

In common with drug treatment for hypertension, the

underlying disorder for which psychotropic medica-

tion is being prescribed may be of more relevance

than the resulting medication to any sexual dysfunc-

tion occurring during treatment. On the other hand,

neuronal receptor complexity and interrelation of

pathways within the CNS make it inevitable that

neurones and ganglia involved in sexual functioning

will be acted upon by psychotropic drugs leading to

functional changes that may be positive or negative.

This distinction is illustrated by a comparative study

which found that loss of sexual desire was common

amongst non-medicated patients with schizophrenia

whilst those on antipsychotic drugs had greater desi-

re but increased erectile and ejaculatory disturbance

[425]. Evidence of the mechanisms underlying these

changes chiefly comes from laboratory study of ani-

mal models, particularly the rat. Clinical studies exa-

mining this issue tend to be of poor methodological

quality and are hampered by the range of sexual

symptoms encountered such as altered sexual desire,

orgasmic dysfunction and ED. It is therefore difficult

to give definitive statements concerning individual

drugs. 

a) Antipsychotics

Members of this class of drug have many effects

within the CNS related to interaction with neuronal

receptors and may also act peripherally. Their thera-

peutic effect is thought to relate to doperminergic

receptor blockade within the limbic and prefrontal

areas of the brain. Their unwanted effects are due to

β adrenergic blockade and anticholinergic properties

together with antidopaminergic actions within the

basal ganglia causing extrapyramidal side effects

which commonly produce sexual symptoms [426].

The occurrence of extrapyramidal effects differen-

tiates the older 'typical' antipsychotics where they are

frequent from the newer 'atypical' antispychotics

where they are less common. This difference proba-

bly relates to variable affinities for particular classes

of receptor [427] or avidity for particular areas of the

cerebral cortex [428]. An additional effect of dopa-

mine blockade, hyperprolactinaemia, which will also

alter sexual function by reducing dopamine release

in permissive cerebral centres, is more common with

older 'typical' agents [429].

The results of animal experiments, chiefly in the rat,

examining the role of CNS dopaminergic pathways

in penile erection and copulatary behaviours have

recently been reviewed by one of the main resear-

chers in this field [430]. It seems likely that D1

receptor activation in the medial pre-optic area

(MPOA) of the hypothalamus facilitates erection

through intermediary oxytocinergic and spinal choli-

nergic pathways. It is also possible that activation of

D2 receptors in this area have the opposite effect

[431]. Older agents such as haloperidol and flupen-

thixol have both been shown to reduce apomorphine-

induced erections in experimental animals by means

of D1 receptor antagonism [3] . In addition systemic

administration of antipsychotic agents in the rabbit

produced erection by a local non-doperminergic

action, possible involving anatagonism of α1 adre-

noceptors [432]. It can therefore be anticipated that

the clinical effect of antipsychotics on sexual func-

tion will vary according to their affinity for particu-

lar receptors. This seems to be confirmed by reports

in the literature of sexual dysfunctions ranging from

ED to priapism [433].
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In a non-randomised comparative study the preva-

lence of sexual dysfunction ranged from 40-70%

[434]. Newer agents such as clozapine showed a les-

ser reduction in sexual desire although the group

taking risperidone had the greatest decrease in fre-

quency of erection . An earlier study found that thio-

ridazine, an 'atypical' agent caused ejaculatory pro-

blems rather than ED [435]. In summary, these

agents have a credible mechanism of action but their

clinical effect is variable due to differing overall

CNS effect.

b) Antidepressants

Sexual side effects of these commonly prescribed

medications in both men and women are varied but

are important factors governing compliance since

such drugs are commonly prescribed to younger and

middle aged adults. Clinical evidence of causal rela-

tionship is limited by lack of controlled data [436]

and animal studies but has lately improved, particu-

larly for the newer agents. This evidence was sum-

marised in a recent systematic review [437] and is

also to be the subject of a forthcoming Cochrane

review [438].

1. TRICYCLICS

This drugs act by inhibiting the re-uptake of cate-

cholamines in the CNS. Their sexual side effect pro-

file is thought to relate to peripheral anticholinergic

and beta adrenergic effects. It is also possible that

they antagonise serotonin (5-HT) receptors. Animal

studies needed to confirm these putative effects have

not been performed. Controlled clinical studies sug-

gest that orgasmic disorders in both sexes are most

frequent, explaining the use of these drugs as inhibi-

tors of ejaculation [439,440]. Against this a case-

control study showed no excess sexual dysfunction

amongst patients taking a tricyclic [441]. In summa-

ry, these drugs most frequently cause orgasmic dys-

function for which the underlying mechanism is

unclear.

2. MONOAMINE OXIDASE INHIBITORS

These drugs are now rarely used. In common with

the tricyclics, they are associated with higher rates of

orgasmic dysfunction in controlled trials [439], the

nature of the central or peripheral mechanisms invol-

ved is uncertain.

3. SELECTIVE SEROTONIN RE-UPTAKE INHIBITORS

(SSRIS)

This represents the commonest class of drug current-

ly used to treat depression. They inhibit the re-upta-

ke of 5-HT (serotonin) into CNS neurones and can

therefore produce stimulatory effects on various 5-

HT receptors. It is estimated that up to 50% of

patients taking these drugs experience a change in

sexual function [442,443]. Possible mechanisms

include stimulation of 5-HT2 and 5-HT3 receptors

which may inhibit erectogenic pathways within the

spinal cord [444], decreased dopamine release in the

medial preoptic area [445] and inhibition of nitric

oxide synthase. A controlled clinical study suggested

that the improvement in sexual function resulting

from alleviating clinical depression seen with SSRI

treatment outweighed any negative effect of the drug

[446]. Another placebo controlled randomised study

however did reveal increased sexual dysfunction,

mainly anorgasmia, in the SSRI treated group [447],

a finding also reported by Labatte [448]. Further stu-

dies have suggested that these adverse effects can be

modified by co-treatment with other drugs such as

sildenafil [449] or mianserin [450].

SSRIs differ in their ability to cause ED. A high inci-

dence of ED has been observed in patients under

treatment with the SSRI, paroxetine [451], while a

lesser impact on sexual function has been reported in

patients treated with the SSRI, citalopram [452].

This fact suggests that other mechanism(s) different

from inhibition of serotonin reuptake could possibly

account for ED associated to SSRI-treatment. This

hypothesis is supported by the evidence that acute or

chronic paroxetine, but not citalopram, caused ED in

rats by inhibiting NO production [453]. Indeed, the

inhibitory effects induced by acute paroxetine on

erectile function in the rat can be prevented by inhi-

bition of PDE5 with vardenafil [454] or by co-admi-

nistration of the NOS substrate, L-arginine [455]. On

the other hand, venlafaxine, a mixed inhibitor of

serotonin and norepinephrine reuptake, produced ED

in rats by increasing NE levels, since its inhibitory

effects on erectile responses were prevented by

phentolamine [455]. Thus, the ability to produce ED

and the mechanism by which SSRIs cause ED may

differ depending on the specific SSRI compound.

c) Newer Antidepressants

Animal experiments suggest that stimulation of 5-

HT1 receptors within the CNS helps modulate sexual

function with the 5-HT1a sub-type increasing ejacu-

lation and the 5-HT1c sub-type improving erection.

This has a bearing on the use of recently developed

antidepressant drugs such as mirtazapine and nefazo-

done which tend to have beneficial effects on sexual

function possibly by activation of the 5-HT1c recep-

tor which augments sexual response [456], although
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they may also antagonise at the 5-HT2c receptor

[457]. The isolated reports of priapism seen with a

prototype agent, trazodone, which has been shown to

increase nocturnal erectile activity despite reducing

REM sleep [458] may be related to the 5-HT1c erec-

togenic effect seen with its primary metabolite, m-

chlorophenylpiperazine, in experimental animals [3].

4. ANXIOLYTICS

Although not previously associated with causation of

ED, findings from the MMAS study implicate this

class of drug in sexual problems reported by the male

cohort [408]. Benzodiazepines are thought to act to

potentiate the action of the neurotransmitter gamma

amino butyric acid (GABA) in the reticular and lim-

bic system but may also affect the serotonin and

dopaminergic pathways. Experimental studies sug-

gest that GABA-ergic drugs inhibit erection induced

by apomorphine, a dopamine agonist [459]. Clinical

correlates are scarce but a controlled study did

demonstrate that a combination of lithium and ben-

zodiazepine was associated with significantly higher

rate of sexual dysfunction than treatment with

lithium alone [460]. More recent anxiolytic agents

such as bupropion, acting mainly by inhibiting dopa-

mine re-uptake, and buspirone which acts on 5-HT1a

receptors are not associated with sexual side effects

in placebo controlled trials [461] and can be used to

alleviate sexual symptoms caused by other antide-

pressant medication [462].

5. ANTIANDROGENS

These drugs cause partial or near complete blockade

of circulating androgens by inhibiting production or

antagonism at the androgen receptor (AR). They will

therefore have secondary effects on sexual function

commensurate with the fall in circulating or tissue

androgen levels. It is thought that, in the adult, andro-

gens modify sexual behaviour chiefly by modulating

sexual desire via AR within the CNS. The effects of

androgen deficiency on sexual activity are variable

within each individual ranging from complete loss to

normal function. Experimental studies in humans sug-

gest that spontaneous erections during REM sleep are

androgen dependent whilst psychogenic erections in

response to visual sexual stimulation are androgen

independent [3]. An additional peripheral effect has

been suggested from animal work which showed that

castration decreased NOS activity within rat corpus

cavernosum leading to reduced erectile activity. The

addition of testosterone restored activity but this reco-

very was prevented by treatment with finasteride, sug-

gesting that dihydrotestosterone may be the important

androgen in peripheral sexual responses such as peni-

le erection [463].

The anti-androgen with least effect on circulating

testosterone is the 5 alpha reductase inhibitor, finas-

teride, which is used in the treatment of symptoms

due to benign prostatic enlargement (BPE) and male

pattern alopecia. In randomised placebo controlled

studies of treatment with finasteride 5 mg daily for

BPE approximately 5% of men complained of sexual

symptoms of decreased desire and ED compared to

1% in the placebo group [464]. At the lower dose of

1 mg daily used to treat male pattern alopecia no

excess sexual dysfunction was seen compared to pla-

cebo [465]. Given the animal work it seems possible

that this effect is secondary to reduced availability of

dihydrotestosterone in the penis.

More complete androgen ablation is achieved by

competitive antagonism at the AR, so preventing

transduction of response to circulating testosterone

and dihydrotestosterone. Non-steroidal drugs such as

flutamide and bicalutamide have relatively pure

effects on the AR, whilst the steroidal antiandrogen,

cyproterone acetate also has inhibitory effects on the

hypothalamus. These drugs are used in the palliative

treatment of locally advanced and metastatic prosta-

te cancer either alone of in combination with a lutei-

nising hormone releasing hormone (LHRH) agonist

(complete androgen blockade). When used alone,

non-steroidal antiandrogens are associated with a

rise in serum testosterone levels, whilst combination

with a LHRH agonist will reduce these to the castra-

te range. Again, they can be expected to predomi-

nantly reduce sexual desire through a central action,

an effect that occurs in up to 70% of men treated

[466]. This unwanted effect is now becoming of

more concern as such drugs are being used at an ear-

lier stage of the disease.

When sexual activity in men being treated by castra-

tion or bicalutamide was compared in a small rando-

mised trial, no differences in self reported sexual

activity or nocturnal penile tumescence were seen. In

subsequent trials with larger sample size and longer

duration, treatment with bicalutamide alone resulted

in a lesser decrease in sexual desire [467]. In another

large controlled trial treatment with either flutamide

or cyproterone resulted in gradual loss of sexual

desire in approximately 80% of men in both groups

over a period of 2 - 6 years [468]. Even at a low dose

of 50 mg, bicalutamide therapy resulted in half the

patients in one placebo controlled study suffering

loss of erectile function [469].
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The near complete androgen deprivation achieved by

medical castration with LHRH agonists results in a

profound loss of sexual desire which is usually

accompanied by ED in controlled trials [470]. This

was objectively confirmed by nocturnal penile

tumescence monitoring (NPT) before and after ini-

tiation of therapy in a small study [471]. These more

recent findings make initial hopes that such drugs

could be used to treat ED appear suspect [472].

In summary, antiandrogen drugs produce the expec-

ted effects of sexual desire and erection commensu-

rate with the degree of androgen ablation achieved.

6. MISCELLANEOUS DRUGS

Many other drugs are suggested as having sexual

side effects, in particular that of ED in men, but these

contentions are usually based on anecdotal case

reports or post-marketing drug alerts rather than

controlled trials.

a) Digoxin

In an experimental in vitro study using isolated

human corpus cavernosum, it was found that digoxin

attenuated the relaxant response to acetylcholine and

intrinsic nerve stimulation, this was linked to fin-

dings of reduced penile rigidity compared to placebo

in men following visual sexual stimulation [473]. A

randomised clinical study confirmed a negative

effect on general sexual functioning linked to a

decrease in plasma testosterone [474].

b) Statins

This class of drug is increasing used to lower lipid

levels for the prophylaxis of cardiovascular disease.

Statins are thus mainly used in the population at risk

of these events who are likely to have established

risk factors for sexual dysfunction, particularly ED

[475]. The MMAS revealed that low levels of HDL

cholesterol were an independent risk factor for ED

[253]. In animal models of hyperlipidaemic states,

supraphysiological total cholesterol concentrations

resulted in reduced neuronal and endothelial depen-

dent relaxant cavernosal smooth muscle responses.

The responses were partly restored by the NO sub-

strate L-arginine and lowering of cholesterol levels

by dietary change [262,269]. In contrast to these

experimental studies, a single placebo controlled

trial found that the rate of ED was twice as high

(12% versus 6%) in men taking a statin despite

improvement in other parameters of hyperlipidaemic

endothelial pathophysiology [273]. Not surprisingly,

this unexpected association has been questioned

[276]. The controversy concerning the balance of

risk and benefit of statins and ED has recently been

reviewed [476].

c) Histamine H2 Receptor Antagonists

Cimetidine and ranitidine were previously widely

prescribed for prophylaxis and treatment of peptic

ulcer disease, their use has since declined as newer

regimens have evolved but are increasingly available

as 'over the counter' medication. Case reports sug-

gested that cimetidine was associated with ED and

postulated mechanisms included anticholinergic

effects and androgen inhibition [477]. A single in
vitro animal study suggested that H2 receptor stimu-

lation did cause cavernosal relaxation possibly via

endothelial release of nitric oxide [3].These reports

have not been confirmed by well designed trials.

d) Opiates

Long term intrathecal administration of opiates

results in hypogonadatropic hypogonadism and asso-

ciated sexual dysfunction that can be restored with

appropriate supplementation [478]. Administration

of opiod antagonists to older men with ED however

did not improve erectile function measured objecti-

vely by NPT monitoring [479]. Opiods do have a

generalised depressant effect on sexual function

when directly administered to the MPOA in rat brain

but treatment with the opiod receptor antagonist,

naloxone, had no sexual effect on healthy male

volunteers [3].

e) Retroviral Drugs

A single recent retrospective cohort study suggested

that the prevalence of ED in men taking protease

inhibitors was approximately twice that of matched

controls, the highest rate being observed with roto-

navir [480].
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The First International Consultation on Erectile Dys-

function included a comprehensive report on the

endocrine and metabolic aspects of male sexual

function. In some areas of this field progress has

been made during the last four years. In other aspects

very little, if any, has changed. It was the collective

decision of the Committee to provide an update to

the chapter of the earlier publication without extensi-

vely reiterating previously accepted concepts but

emphasizing some aspects on the pathophysiology,

diagnostic process, treatment modalities and their

efficacy as well as the monitoring needs of patients

under medical supervision. The mandate for this

chapter is to deal with those aspects in general but

focusing on the relationships between hormonal alte-

rations and sexual function in men

The development of a remarkably sustained interest

in hormone replacement therapy (HRT) has occurred

since the 1st. Consultation took place. This interest

has not been limited to health care professionals and

the pharmaceutical industry but has extensively

spilled out to the lay press and the general public.

Established concepts of female hormone replace-

ment therapy have been vigorously challenged and

some of the new findings were, erroneously and

baselessly, extrapolated to androgen replacement

therapy in men. The Committee has addressed those

concerns and a separate committee attended to the

issues of hormone replacement therapy (HRT) in

women.

A great deal of the information included in this chap-

ter is based on solid research and represents the most

robust evidence on the topic. Publications marked in

the References section with *** indicate well desi-

gned studies that, in the judgment of the Committee

most closely fulfill the requirements for evidence

based criteria. Those marked with ** are important

credible studies, meta-analyses or review papers that

provide reliable information. The remaining give

supportive evidence in areas where medical science

has not reached sufficient understanding, either

because of the complexity of the issues, the rarity of

the situation or, simply because a specific topic is

new and unexplored to a level that provides confi-

dence to make a definitive judgment. In other areas

the Committee felt that there is too much controver-

sy to grade a reference. 

1. RATIONALE FOR DEFINITIONS

Definitions into sexual functions and dysfunctions

are not pertinent to this chapter except in the areas

concerning endocrinological aspects. The concepts

detailed below, therefore, are limited to those aspects

pertaining to endocrine alterations related to interfe-

rence with the normal sexual response in the adult

man.

In men, gonadal function is affected in a slow pro-

gressive way as part of the normal aging process [1].

Although the alteration in androgen production in

aging men has been scientifically recognized for

over 70 years [2], only recently, significant and sus-

tained interest has developed on the importance of

this condition which is variously known as male cli-

materic, andropause or, more appropriately, andro-

gen decline in the aging male (ADAM) or late onset

hypogonadism. The term andropause is biologically

wrong and clinically inappropriate but it adequately

conveys the concept of emotional and physical

changes that, although related to aging in general, are
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also associated with significant hormonal alterations.

The inappropriateness of the term is based on the fact

that in women, the reproductive cycle invariably

ends with ovarian failure. In men this process is not

universal and, when it occurs, it is normally subtle in

its clinical manifestations.

The International Society for the Study of the Aging

Male (ISSAM) has recommended a definition for the

condition resulting from the decline in androgen pro-

duction in the adult [3]. It has been adapted for this

chapter to reflect the effect of hormones primarily on

sexual functioning (see Recommendation 1). It is

important to dispel the concept that endocrinopaties

resulting from the normal process of aging in men

are narrowly focused on sex hormones. Although

hypotestosteronemia is the most widely recognized

and investigated hormonal alteration associated with

the aging process, the production of several other

hormones is also profoundly affected by age and

may have implications in sexual function. The Com-

mittee, therefore, felt that the ISSAM recommenda-

tion, although appropriate, should indicate that other

hormones besides testosterone (T) can contribute not

only to sexual dysfunction but to a myriad of other

manifestations largely attributed solely to hypogona-

dism.

2. AN INTEGRAL VIEW OF THE EFFECT OF

AGING ON SEX HORMONES AND SEXUAL

FUNCTION

Several epidemiological studies have found age to be

the most important factor associated with erectile

dysfunction (ED) [4, 5]. Traditionally, it has been

thought that vascular problems frequently associated

with advancing age are the most prominent cause of

this association. Undoubtedly, there exists an imme-

diate relationship between them as well as with neu-

rological alterations. But, other reasons may also

play a prominent causal role in the relationship bet-

ween age and ED.

a) Evidence of a direct connection from high neu-

ronal centers to the corpus cavernosus of the penis

Some of the central and peripheral neurological

mechanisms of sexuality are considered in other

chapters. For the purposes of this chapter, it would

suffice to indicate that an important contribution to

our understanding of neurological control of a major

portion of the sexual response arose from the ability

to map central nervous system circuits by transneu-

ronal tracing studies that allow delineation of circuits

innervating specific organs. Thus, through a number

of elegant animal experiments using a pseudorabies

virus (PRV) capable of trans-synaptic transport and

amplification, Marson et al. [6], among others, have

documented consistent labeling of the following por-

tions of the forebrain within a day of injection of

PRV into the penis : the paraventricular nucleus

(PVN), medial pre-optic area (MPOA) and supra-

optic nucleus (SON). Such findings clearly support

the view that these high locations of the central ner-

vous system have a direct genital connection and are

of fundamental importance in the control of sexual

behavior and function. In addition to the anatomical

links, further evidence has been provided, for a direct

functional relationship by the induction of penile

erections with either electric stimulation or the injec-

tion of the dopaminergic agonist apomorphine

directly into the MPOA and PVN [7].

b) Endocrinology of aging

As indicated previously and discussed in detail later,

there is incontrovertible evidence that aging is asso-

ciated with a progressive decline in the production of

several hormones including testosterone, dehydroe-

piandrosterone, thyroxine, melatonin and growth

hormone [8] (anti-diuretic hormone production also

declines and may have a role in the nocturia more

commonly associated with bladder outlet obstruc-

tion; but this is a matter for another place and time).

To what extent the changes in the hormonal milieu

contribute to the development and persistence of ED

remains speculative. It is known, however, that

hypogonadism is associated with a decrease in

sexual interest and deterioration in the quality of

erectile function. Both of these situations can be

improved with androgen supplementation therapy.

The therapeutic response has been explained as the

result of the central and peripheral activity of andro-

gens. They appear to be fundamental in the signaling

leading to the adequate production of nitric oxide

(NO) concentrations in the smooth muscle of the

penile corpora through the activity of NO synthase.

c) Could these fields join in an explanation of

neuro-endocrine mechanisms ?

To integrate the concepts of decreased sexual func-

tion and hormonal alterations in the aging male,

basic animal research is providing important infor-

mation. Until relatively recently, it was believed that

testicular function would deteriorate on the basis of

decreased gonadal perfusion leading to a loss in the

population of Leydig cells. The causes may be more

fundamental and complex than that. Chen and Zirkin

[9] postulated as a cause a deterioration of Leydig
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cells function due to accumulation of free radical

damage that could be prevented by placing the Ley-

dig cells in a state of steroidogenesis “hibernation”.

Wang and her co-workers [10] have shown, in a

series of investigations in rodents, that hypothala-

mic-pituitary functional alterations may not be the

only or even the major cause of male gonadal dys-

function. They found evidence of a significant

increase in apoptosis in both the hypothalamus and

the gonads, a dual alteration that may explain the

development of hypogonadism in aging. The areas of

the forebrain closely linked to the decrease in gona-

dotropin-releasing hormone (GnRH) due to this

apoptotic process are the same (MPOA and arcuate

nucleus) or intimately related to the areas controlling

the penile erection process (MPOA and PVN) and

the synthesis and release of oxytocin (PVN and

supraoptic nucleus) (Figure 1). Similarly, peptides

normally characterized by their ability to release

growth hormone (GH) were found capable of indu-

cing penile erections when injected into the PVN of

experimental animals. GH production also declines

in relation to advancing age. These integrated views

remain speculative but are worth additional research.

Accurate information on global prevalence of hypo-

gonadism in mature men is largely unknown. Howe-

ver, it can be predicted from population projections

that diseases and conditions, such as ED, commonly

and specifically associated with aging will increase

significantly in the first half of this century. Data

from the United Nations estimates and projections of

world population trends over a 75-year period [11]

tell the full story : In the last decade of the 20th cen-

tury the number of humans increased by 1 billion and

will do so by close to 2 billion over the next 25 years

[12]. A man born in 1920 had to share this planet

with 1860 million other humans; the same man now

shares the planet with 6000 million (Figure 2) [13].

Much more revealing are the figures for life expec-

tancy that, over this period  will increase by several

years. In other words, in our life time there will be a

large and rapid increase in the number of elderly (>

65 years) and in the old-old (>85 years) human popu-

lation (Figure 3). Over that period the number of

elderly persons will triple, while the proportion of

children will diminish from 35 to 20% [14].

Although the development of hypogonadism in asso-

ciation with advancing age is unquestionable, discre-

pancies on its prevalence among studies varies. On

the other hand the estimates for ED fall within a rela-

tively narrow margin (Figure 4). The reasons for

this discrepancy are not readily apparent. In North

America several cross-sectional and longitudinal stu-

dies [15-17] have confirmed the decline in androgen

production associated with age (Table 1). It has been

estimated that in the United States there are 5 million

hypogonadal men but only about 5% receive treat-

ment (Figure 5) [18].

The decline in serum testosterone (T) in the aging

male population is, however, a universal phenome-

non [5, 19]. Unfortunately, the information on hypo-

androgenism and ED is still largely derived from

limited, region-specific longitudinal surveys or lar-

ger but still limited cross-sectional, population based

studies. A comprehensive review on studies aimed at

the prevalence of ED has been recently published

[20].

1. GONADOTROPINS AND ANDROGENS

The hypothalamic-pituitary gonadal system is a clo-

sed loop feedback control mechanism directed at

maintaining normal reproductive function [21].The

gonadal hormones have inhibitory effects on the

secretion of LH and FSH. Although testosterone, the

major secretory product of the testes, is a primary

inhibitor of LH secretion in men, other testicular pro-

ducts, including estrogens and other androgens, also

inhibit LH secretion. The inhibitory effects of testos-

terone are both produced by testosterone itself and

indirectly through aromatization to estradiol. Dihy-

drotestosterone (DHT), a non-aromatizable andro-

gen, also inhibits LH secretion. 

a) Luteinizing hormone (LH)

Both androgens and estrogens independently appear

to moderate LH secretion. The fact that the magnitu-

de of the LH rise after exogenous GnRH administra-

tion is lessened by estradiol administration but

remains normal during testosterone infusion sug-

gests that estradiol acts at the pituitary level, while

testosterone acts at the hypothalamic level. Estradiol

is produced both by the testes and from peripheral

conversion of androgenic precursors. Although the

blood level of estradiol is low compared to that of

III. PHYSIOLOGICAL ASPECTS OF

HORMONES INVOLVED IN SEXUAL

FUNCTION

II. EPIDEMIOLOGICAL ASPECTS
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Figure 1 : Representation of  the  hypo-

thalamic-pituitary area where integration

of neuroendocrine processes controlling

both production of gonadotropins and

erectile function takes place. The figure

illustrates both, the pathways of endocri-

nological control and the pulsatile nature

of GnRH production. (Courtesy of

Mechanisms in Medicine, 2003)

Figure 2 : United Nations estimates of

population growth over a 75 year period.

Figure 3 : World Health Organization

estimates of increase in the over 65 and

85 year old population.
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Figure 4 : Estimated glo-

bal and regional incre-

ment in prevalence of

erectile dysfunction in the

first quarter of this Centu-

ry.

Figure 5 : Estimated prevalence

of hypogonadism in the United

States.

Table 1. Prevalence of hypogonadism in older males (%)

Age (years) Baltimore Mayo Clinic^ Canadian MDs^

Longitudinal Study*

40-49 2 2 5

50-59 9 6 30

60-69 34 20 45

70-79 68 34 70

80+ 91 - -

*Based on a free androgen index

^Based on bioavailable testosterone

Adapted from Morley J. [17] 



testosterone, it is a more potent inhibitor of LH and

FSH secretion. Several studies have demonstrated

suppression of LH levels by physiological concen-

tration of both testosterone and estradiol [22]. Both

these sex-steroid hormones influence the frequency

and/or amplitude of LH secretory pulses in men by

acting at the level of the GnRH pulse generator in the

hypothalamus and in part at the level of GnRH-sti-

mulated LH secretion [23].

b) Follicle stimulating hormone (FSH)

The mechanism for the feedback control of FSH

secretion is more controversial than that of LH. After

castration, FSH increases, indicating a negative feed-

back from the testes. Like LH, both testosterone and

estradiol are capable of suppressing FSH serum

levels.

A nonsteroidal tubular factor may also be important

in the feedback regulation of FSH. “Inhibin” has

been isolated and characterized in follicular fluid and

is produced by the Sertoli cells of the testes. Inhibin

has two subunits, alpha and beta. Two forms of inhi-

bin have been isolated, inhibin A (alpha, beta A subu-

nits) and inhibin B (alpha, beta B subunits). Form B

is the major negative feedback regulator of FSH

secretion [24].

c) Testosterone

The major functions of androgen include regulation

of gonadotropin secretion, initiation and maintenan-

ce of spermatogenesis, formation of male phenotype

during sexual differentiation, promotion of sexual

maturation at puberty and controlling sexual drive

and potency.

Testosterone is synthesized from pregnenolone

within the Leydig cells (Figure 6). Testosterone pro-

duction in men approximates 5 milligrams per day

and the secretion occurs in an irregular, pulsatile

manner. There is a diurnal pattern, with the peak

level in the early morning and the nadir in the eve-

ning. Inside androgen target cells, testosterone can

be converted to dihydrotestosterone (DHT) by 5α-

reductase. Both these androgens bind to the same

high-affinity-androgen receptor protein and subse-

quently the hormone receptor complex is attached to

acceptor sites in the nuclei to effect the biologic res-

ponse. Testosterone (but not DHT) can be converted

into estrogens by the action of aromatase.

Androgens and estrogens, like other steroid hor-

mones, initiate their effect at the cellular level by

interacting with high-affinity receptor proteins.

Androgen receptors are present in the highest

concentration in androgen target tissues such as the

accessory organs of male reproduction. In the testes

androgen receptors are present both in Sertoli cells

and Leydig cells (Figure 7).

In normal males, 2% of testosterone is free

(unbound) and 30% is bound to sex-hormone-bin-

ding globulin (SHBG) with high affinity [25].The

remainder is bound with much lower avidity to albu-

min and other proteins. The fraction of T not bound

to SHBG makes up the measure known as bioavai-

lable T. These binding proteins regulate androgen

function.

It was formerly believed that the physiologic active

androgen moiety was the non-protein-bound “free”

testosterone. It now appears that the transport of ste-

roid hormones in a cell is more complicated and that

enhanced rates of hormone dissociation from the bin-

ding proteins may occur in the microcirculation.  It is

now known that albumin-bound testosterone is also

available to transfer into target tissue in the brain and

liver. SHBG has a higher affinity for testosterone

than for estradiol, and changes in SHBG reduce or

amplify the hormonal milieu. Elevated estrogens,

thyroid hormone and healthy aging will increase

plasma SHBG and therefore decrease the “free” tes-

tosterone fraction as it is the case in the elderly

(Figure 8).

d) Androgen target organs

In males, androgens are known to have many impor-

tant physiological actions, including effects on

muscle, bone, central nervous system, prostate, bone

marrow, and sexual function. The biological effects

of testosterone and its metabolites have been classi-

fied according to their sites of action. Effects related

to growth of the male reproductive tract or develop-

ment of secondary sexual characteristics are called

androgenic. The growth-promoting or trophic effects

on somatic tissue are termed anabolic. Although

early studies suggested that these might be two inde-

pendent biological actions, more recent information

indicates that these are organ specific responses and

that the mechanisms that initiate androgenic res-

ponses are the same as those that stimulate anabolic

activity.

Androgens are responsible for the prenatal differen-

tiation and for the development of the male repro-

ductive tract. Androgens have a key role in both sti-

mulating and maintaining sexual function in men. It

appears that testosterone is necessary for normal libi-

do, ejaculation and spontaneous erections. There is a

threshold with individual variation, below which
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Figure 6 : Synthesis of testosterone

Figure 7 : Schematic representation of androgen physiology.

Figure 8 : The effect of age on the various fractions

of plasma testosterone.



sexual function is impaired[26]. It has been reported

that androgens are important in the expression of

neuronal NOS and in the expression of the phospho-

diesterase-5 (PDE-5) gene expression [27]. Recently

these views have been further confirmed by the

conclusive demonstration, in animal model, that nor-

mal androgen levels are a prerequisite for a PDE-5

inhibitor (vardenafil) to work appropriately. The

same study showed that androgen deprivation (by

either surgical or medical means) leads to fundamen-

tal structural alterations in the corpus cavernosus

resulting in failure of the veno-occlusive mecha-

nisms [28].

Androgens also play an activating role in cognitive

function throughout life. The relationship between

androgens and mood is still unclear.

Androgens increase nitrogen retention, lean body

mass and body weight. In the skeletal system, andro-

gens have an impact both on bone formation and

bone resorption. The amount of androgens required

to maintain bone mass in men is not known, nor is it

known whether the beneficial effect of androgen is

due to androgen itself or to the estrogen produced

from i. It is beyond doubt, however, that hypogona-

dism is a major cause of osteoporosis in men [29].

The stimulatory effect of testosterone on erythro-

poiesis is well documented. Androgens also have an

effect on serum lipids. Men generally have a lower

plasma concentration of high-density lipoprotein

(HDL) cholesterol and higher concentration of tri-

glycerides, low-density lipoprotein (LDL) choleste-

rol, and very low-density lipoprotein cholesterol than

do premenopausal women. It also appears that hypo-

androgenism is associated with coronary artery

disease [30].  A definitive answer on the effect of

androgens in lipid profile in men is not yet available

but the early evidence is reassuring [31-33]. Hyper-

lipidemia, on the other hand, is a recognized risk fac-

tor for ED [34]. A lipid profile is a recommended

part of the work-up of men with ED.

Safety issues demand special consideration regar-

ding androgens and the prostate gland. Although the

pathogenesis of BPH is still poorly understood, there

is evidence that androgens and, more specifically,

dihydrotestosterone are necessary for benign prosta-

tic growth. The risks of androgen therapy, listed later

on in this chapter, are widely accepted. Undoubtedly,

the most prominent concern about androgen use

relates to prostate safety and several publications

have addressed this topic recently. It is well establi-

shed that hypogonadal men receiving supplemental

testosterone experience an increase in prostate grow-

th that corresponds to their eugonadal age-match

counterparts [35], but more recent evidence indicates

that the volume and growth of the gland in those

hypogonadal men are modulated by CAG polymor-

phism of the androgen receptor gene [36]. There is a

majority consensus that testosterone administration

does not cause prostate cancer. It is also commonly

agreed that sub-clinical (not detectable by digital rec-

tal examination and determination of prostatic speci-

fic antigen) prostatic adenocarcinoma may become

manifest rapidly after androgen therapy. The recom-

mendations on prostate safety are based on a number

of publications [37, 38] which include extensive lite-

rature reviews. None of the published studies have

included sufficient number of men or have adequate

follow-up, therefore definitive answers are not yet

available.

The Sexual Medicine Society of North America,

adopted the following Position Statement at its

annual meeting in April 2003 : “Testosterone supple-

mentation is indicated for men who have signs and

symptoms of hypogonadism accompanied by sub-

normal serum testosterone measurements. Testoste-

rone supplementation can provide important health

benefits to these hypogonadal men. Testosterone

supplementation should be administered only under

competent and careful medical surveillance in order

to identify early signs of possible adverse effects.

Although the benefits and risks of long-term testos-

terone supplementation have not yet been definitive-

ly established, the weight of current evidence does

not suggest an increased risk of heart disease or pros-

tate cancer with long-term use of testosterone. Tes-

tosterone is not medically indicated in men who do

not have hypogonadism”. It is a reasonable position

on the relevant issues of cardiovascular and prostate

health, pending definitive studies.

e) Adrenal androgens

The adrenal androgens are dehydroepiandrosterone

(DHEA), its sulphate (DHEAS) and androstenedio-

ne. Their androgenic action is much weaker than that

of testosterone which in turn is weaker than DHT

(Table 2). The adrenal androgens undergo conver-

sions to other sex steroids such as testosterone,

estrone and estradiol, mainly locally in tissues

(Figure 9). Their contribution to circulating levels of

testosterone in adult men and to estrogens in women

is, however, insufficient to prevent hypogonadism in

cases of gonadal failure. The relative potency of

DHEA in relation to other sex steroids is illustrated

in Table 2.
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Adrenal androgens are produced in abundant quanti-

ties, in the order of 20-30 mg per day, which is 10

times the daily production of cortisol but the produc-

tion declines steadily in an age related fashion (Figu-

re 10). This pattern of production is rather unique to

primates and humans. Most laboratory animals have

a much lower production and the origin is the gonad

rather than the adrenal gland. In spite of the high

levels observed in humans, it has been difficult to

establish a well-defined biological function of the

adrenal androgens DHEA and DHEAS.

f) DHEA and DHEA-S: hormones or pro-hor-

mones ?

Until recently it was thought that both DHEA and

DHEA-S are capable of interacting with different

classes of hormone receptors [39] and that they do

not exert true hormonal effect on their own. Espe-

cially no DHEA-specific receptor had been identi-

fied, which is a prerequisite for production of hor-

monal effects. Therefore, DHEA was considered

only as a pre-hormone exerting indirect androgenic

and estrogenic effects following its peripheral

conversion into small amounts of testosterone and

estradiol. This physiological conversion indicates

that DHEA administration may carry the same risks

as testosterone or estradiol. Since DHEA and its sul-

phated form are freely interconverted by extra-adre-

nal sulphotransferase and sulphatase activities,

DHEA-S constitutes a large plasma reservoir of

DHEA.

Our understanding of DHEA is rapidly changing due

to the  identification of a putative specific DHEA-

receptor on the plasma membrane of bovine aortic

endothelial cells [40]. This receptor is functionally

coupled to the G protein family, primarily to Ga12

and Ga13 subtypes. Activation of these G proteins

promotes the production of endothelial nitric oxide

synthase (eNOS). The putative DHEA receptor

resembles the plasma membrane estrogen receptor

but estrogens and anti-estrogens do not alter either

the binding of DHEA to this new receptor nor its

effects on eNOS production. This discovery opened

the way to the concept of an intracellular receptor

since all major steroid hormones in which plasma

membranes receptors have been reported also have

well characterized intracellular receptors. A further

recent study by Williams et al [41] brought up evi-

dence supporting the existence of a DHEA-specific

receptor in human vascular smooth muscle cells

(VSMC), involving ERK 1 signaling pathways:

VSMC proliferation contributes to remodelling of

blood vessels, and may be implicated in the pathoge-

nesis of atherosclerosis. This proliferative process,

that is inhibited by estradiol and stimulated by tes-

tosterone, is inhibited in vitro by DHEA. The activi-

ty of DHEA in it is altered by anti-estrogens or anti-

androgens. Binding studies confirmed the presence

of estrogen- and androgen-receptors in VSMC. In

this study DHEA showed minimal affinity with

either receptor, but bound specifically and with high

affinity to putative receptors in intact cells. Although

not negating the mechanism of action through

conversion into testosterone and estradiol, these fin-

dings will have a fundamental impact on our inter-

pretation of the biological actions of DHEA. This

may be especially relevant in regards to sexual func-

tion which involves many vascular mechanisms in

both men and women.

DHEA is also a neurosteroid, suggesting the possibi-

lity of specific effects on the nervous system exerted

by non genomic mechanisms [42]. Neurosteroids are

steroids persisting in the brain or nerves after castra-

tion and adrenalectomy, therefore produced by neu-

ral synthesis from cholesterol. In vitro and in vivo
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Table 2. Potency of various sex steroids, taking testostero-

ne at a relative value of 100 (see text).

Relative Activity of Androgens

- Dihydrotestosterone 300

- Testosterone 100

- Androstenedione 10

- DHEA, DHEAS 5

Figure 9 : Adrenal androgen metabolism
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Figure 10 : Pattern of DHEAS decline in production as a function of age in men and women.

Figure 11 : Decision tree for the management of hypogonadal men with ED



effects on brain neurotransmission have been docu-

mented in animals for DHEA and, in rats, it has been

shown that hypothalamic and cortical astrocytes

convert DHEA into testosterone and estradiol [43].

g) Role of DHEA in physiology and diseases of

humans

Studies in humans have found associations between

the serum levels of DHEA or DHEA-S and many

physiological functions and diseases. Thus, several

recent reviews [44-48] have described a large array

of situations where DHEA may be of benefit. Howe-

ver, as discussed earlier, with the notable exception

of psychological and sexual symptoms associated

with adrenal insufficiency, utility and safety of long-

term DHEA supplementation has not been fully esta-

blished.

2. OTHER HORMONES

a) Growth hormone

It is known that the production of growth hormone

(GH), after puberty, also decreases with age, about

14% per decade [49]. Since the production of circu-

lating insulin-like growth factor-I (IGF-I) is control-

led by GH levels, both decline together [50]. This

reduction is associated with changes in lean muscle

mass, bone density, hair distribution and the pattern

of obesity also described in hypogonadal states [51,

52]. Administration of GH reverses these alterations

[53] and does it more efficiently in eugonadal men

than in their hypogonadal counterparts [54]. GH has

been identified as an anti-apoptotic agent in neuronal

model systems [55], a finding that would have major

implications, for instance, in the prevention of

degradation of neurofibrils proteins seen in Alzhei-

mer's disease. In spite of earlier studies supporting

the concept that administration of GH to adults with

growth hormone deficiency improved mood and

sense of well being, such observations have not been

confirmed by controlled investigations [56].

Although the body of evidence favors the use of

androgens in the treatment of some of the manifesta-

tions of ADAM, more recent studies clearly indicate

that elderly patients respond to GH administration

alone. These individuals exhibit an improvement in

body composition, including and increase in lean

body mass [57], and a definitive positive response by

bone parameters [58, 59]. It appears that GH defi-

cient males are more responsive to GH supplementa-

tion than females [60]. It is evident, therefore, that

many of the signs of androgen deficiency are shared

by a deficiency in GH. Also some of the concerns

about androgen supplementation in adult males (e.g.

prostate health) may be shared by GH administration

[61]. Although no changes in PSA were found in a

group of men older than 50 years receiving injectable

growth hormone [62], when GH is combined with

testosterone, there is a synergistic effect in relation to

prostate growth [63]. Finally, GH deficiency may

have profound implications in the alteration of sleep

patterns observed in the elderly [64]. Although the

literature is silent on a possible role of GH in sexual

functioning, its administration improves peripheral

circulation and emotional status [65].

b) Melatonin

The circadian rhythm of melatonin secretion by the

pineal gland is regulated by the suprachiasmatic

nucleus and in response to hypoglycemia and dark-

ness. The production of this hormone also decreases

with age regardless of these stimuli [66]. The phy-

siological role of the pineal is not completely unders-

tood but it is involved in gonadal function and regu-

lation of bio-rhythms [67]. Other physiological

effects ranging from analgesic and antioxidative [68]

to immunomodulating [69] properties have been

attributed to melatonin. However, the large popular

enthusiasm around the hormone has precarious

scientific basis. It is likely that administration of

melatonin may improve the significant sleep disor-

ders frequently seen in the elderly [70], although

other factors, such as interleukin-6 production may

be operational too [71]. As mentioned earlier, pro-

found hypotestosteronemia is associated with altera-

tions in melatonin production, therefore hindering

the attribution of some symptoms (sleep distur-

bances) exclusively to deficits of one or the other

hormone. Evidence continues to emerge about a

wide range of direct and indirect activities of mela-

tonin on many human organ systems [72].

c) Thyroxin

There are well established changes occurring with

aging in the hypothalamic-pituitary-thyroid axis.

These include decrease in pituitary thyrotropin

(TSH) to thyrotropin releasing hormone, diminished

response to the thyroid to TSH and decreased serum

concentration of total or free T3 and T4. These

changes and the increasing prevalence, with age, of

auto-immune thyroid diseases may result in the

development of hypothyroidism which may reach an

incidence of close to 20% in the elderly, depending

on the dietary supply of iodine [73]. Erectile function

is usually not affected. Hyperthyroidism, on the

other hand, increases the levels of SHBG and increa-
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se the aromatization of testosterone into estrogen.

These two events may have detrimental effect on

sexual functioning.

d) Prolactin

Prolactin has no known definitive role in the physio-

logical control of human sexual behaviour, with the

possible exception of a contribution to the orgasm-

induced prolactin secretion usually observed in nor-

mal men and women. This may also bear a relation-

ship to the sexual-satiation mechanisms since this

burst in prolactin secretion was not observed in a

multi-orgasmic male [74]. On the other hand, all

types of hyperprolactinemia (idiopathic, tumoral or

drug induced) can inhibit most of the aspects of male

sexual behaviour.

1) Sexual dysfunction and hyperprolactinemia

In a literature review encompassing more than 300

men with hyperprolactinemia, Buvat et al [75] found

sexual disturbances in 88%. The most common

manifestation was a decrease in erectile function

associated with a marked reduction in sexual inter-

est. Delayed or absent orgasm was also found but

virtually never as an isolated symptom. Some cases

of retrograde ejaculation were also reported. Other

manifestations of hyperprolactinemia were less fre-

quent : reduced body hair in 40% of the cases, gyne-

comastia 21%, galactorrhea in 13%. Erectile dys-

function is thus the leading revealing symptom of

hyperprolactinemia in men, a rather uncommon

condition which should not be missed since many

cases result from pituitary adenomas likely to result

in serious endocrinological, visual and neurological

complications, the last two due to an expanding pro-

lactinoma. 

2) Mechanisms of the sexual problems of the hyper-

prolactinemic men 

Hyperprolactinemia impairs the pulsatile LH secre-

tion, which, in turn, produces a decline in serum tes-

tosterone production by the gonads. The resulting

hypogonadism is generally thought to be the main

cause of erectile dysfunction. This simplistic view,

however, may not explain the whole picture. Serum

testosterone is indeed in the (low) normal range in

nearly half of the males with marked hyperprolacti-

nemia and erectile dysfunction. In addition plasma

sex hormone-binding globulin is lowered in hyper-

prolactinemic males , which attenuates the effects of

low serum total testosterone by increasing the pro-

portion of unbound testosterone. Moreover, during

treatment of hyperprolactinemic men [76] with the

dopamine-agonist bromocriptine, sexual improve-

ment correlates better with the decrease of serum

prolactin than with the increase of the testosterone

level. It is not uncommon that these men report a

return of their erections prior to any increase in

serum testosterone. Other studies, including that of

Bancroft et al [77], who compared bromocriptine

with a placebo a double blind design in a single man,

tend to support the hypothesis of a direct, testostero-

ne independent, effect of prolactin on sexual beha-

viour of men.

The mechanisms independent of the circulating level

of testosterone may be related to a decrease in the 5-

alpha reduction of testosterone to dihydrotestostero-

ne which was reported by Lobo and Kletzky [78] in

hyperprolactinemic men; this factor may be relevant

since dihydrotestosterone appears to be the main

metabolite accountable for the effects of testosterone

upon the brain centers in primates. In addition, the

main testosterone-independent mechanisms may be

related to the interactions between the high prolactin

levels within the central and peripheral neurological

circuitry involved in the human sexual response.

Prolactin increases the synthesis, turn-over and

release of central dopamine from neurons of the

hypothalamus, which could explain the biphasic

effect of hyperprolactinemia in rats [79].

3) Prevalence of hyperprolactinemia in men with

erectile function

Systematic determinations of serum prolactin in men

referred for erectile dysfunction found very low pre-

valences of hyperprolactinemia (1 to 5%). The com-

pilation of the largest series showed a prevalence of

marked hyperprolactinemia (serum prolactin greater

than 35 ng/ml) at 0.76% (25/3265 patients with indi-

vidual values available) and of pituitary adenomas at

0.4% (18 of 4363 men) [80-85]. The prevalence of

hyperprolactenemia remains low even in men with

ED, including those with only mild hyperprolactine-

mia (serum prolactin 20 to 35 ng/ml); the prevalence

was 1.5% in a series of 1370 consecutive ED patients

having undergone systematic prolactin determina-

tion [86]. It is unlikely that such modest hyperpro-

lactinemias are the real cause of the ED. Occasional-

ly, however, even marginal elevations are associated

with a pituitary tumor or a low serum testosterone

level. Of interest, is that the improvement in erectile

function following the administration of the dopami-

nergic agonist bromocriptine was about 40%. This is

a similar result to the one reported in normoprolacti-

nemic men treated with bromocriptine for ED [87].

Conversely the efficacy of bromocriptin alone in
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cases of ED with serum prolactin greater than 35

ng/ml suggests a causative effect. Current experien-

ce is in line with the Masters and Johnson' group

[88], uncontrolled study reporting that the sexual

function of markedly hyperprolactinemic men

responds better to bromocriptine than  psycho- or sex

therapy.

When evaluating the association between hyperpro-

lactinemia and sexual dysfunction, it must be consi-

dered that biologically inactive, or only marginally

active, variants of prolactin may be detected by

immunological assays. It is especially the case of the

“big” and “big-big” molecular variants of prolactin

which have molecular weights of respectively 50-60

and 150 kilo Daltons (kDa) compared with the 22

kDa of the biologically active prolactin [89]. When

secreted in excess, these “macroprolactins”, general-

ly, do not carry clinical significance. They account

for 10% of hyperprolactinemias [90] and are typical-

ly observed in normal individuals (mostly women

with normal reproductive function despite high

serum prolactin levels) but are also coincidentally

found in some men with ED [91, 92]. In such cases

the serum T level is usually normal, as are CT scans

and MRI of the hypothalamic-pituitary area. Hypo-

prolactinemic agents such as bromocriptin or caber-

golin are ineffective in improving sexual function. In

this situation, the hyperprolactinemia is not the cause

of ED. Chromatographic analysis of the prolactin in

a specialized laboratory, allows identification of the

macroprolactin molecule. However a diagnosis of

macroprolactinemia in a man with ED should pre-

clude neither MRI testing, since some cases are asso-

ciated with pituitary adenomas, nor a trial of an

hyperprolactinemic agent, since a biological activity

of the macroprolactin has been demonstrated in some

women. Some of the cases included in the review by

Vallette-Kasic [90] may have been instances of

undiagnosed macroprolactinemia. The finding by

Buvat et al [91], of a tendency to a decrease in the

incidence of hyperprolactinemia over time, could be

explained by the simultaneous improvement of the

specificity of the assays, leading to less confusion

with macroprolactinemias. Another explanation

could be the relatively large number of “old” cases

waiting for a proper diagnosis because of the unavai-

lability of methods for prolactin assay 25 years ago. 

4) Prevalence of hyperprolactinemia in the other

sexual dysfunctions of men

Buvat et al [86], in a limited study, systematically

determined serum prolactin in consecutive patients

investigated for low sexual desire without ED

(n=53), anorgasmia (n=74), and premature ejacula-

tion (n=124). They found no case of hyperprolacti-

nemia in the 2 former sexual dysfunctions. Schwartz

et al. [88] reported cases of  hyperprolactinemia in

men consulting for isolated low sexual desire or

anorgasmia. Serum prolactin was mildly elevated

(less than 35 ng/ml) in 13 men with premature eja-

culation (10%). This mild hyperprolactinemia was

not the cause of the sexual dysfunction since bromo-

criptine failed to prolong the time to ejaculation in

every case. In addition serum testosterone was nor-

mal in all these 13 and no pituitary adenoma was

detected in any of them. 

5) Diagnosis of hyperprolactinemia in men with

sexual dysfunction

Many believe that the very low prevalence of signi-

ficant hyperprolactinemias can hardly justify the

routine determination of prolactin in males with ED,

considering the frequency of ED and the cost of the

determination [81-83]. It has often been recommen-

ded to determine it only in cases of low serum tes-

tosterone level, or of low sexual desire. However tes-

tosterone level was subnormal (< 3 ng/ml) in only 10

of the 17 hyperprolactinemic men of Buvat et al [85],

including only 5 of the 10 who had been referred for

ED. It was in the low normal range (3 to 4 ng/ml) in

4 of the 7 others. Many other cases with normal

serum testosterone level, in spite of marked hyper-

prolactinemia have been reported, including some

with pituitary tumors, thus unlikely to be macropro-

lactinemias. Determining serum prolactin only in

cases of low testosterone levels would miss 50% of

the 12 marked hyperprolactinemias and 3 of the 7

pituitary tumors detected by Buvat et Lemaire in ED

patients [85].

Likewise sexual desire may be normal or may be

perceived as normal by men with hyperprolactine-

mia. Johri et al [93] found no difference in the mean

serum prolactin level according to the level of sexual

desire reported during clinical assessment, or accor-

ding to the score of the Sexual Desire Domain of the

International Index of Erectile Function (IIEF). By

determining serum prolactin only in case of a score

<3 in the Sexual Desire Domain of the IIEF, they

would have missed 50% of the hyperprolactinemias

detected in their ED patients. It then appears that the

IIEF may be potentially useful for screening for

hyperprolactinemia, since Johri et al [90] found that,

among the 136 ED patients they screened, every one

with marked or mild hyperprolactinemia had severe

ED according the IIEF criteria (score < 10 at the

Erectile Function Domain). This report, however,

359



needs confirmation since others have found an only

slightly disturbed pattern of erections in their hyper-

prolactinemic men (normal nocturnal erections and

normal erectile responses to audio-visual sexual sti-

mulation). Buvat et al [94] reported that by restric-

ting the serum prolactin determination to those men

with low sexual desire, gynecomastia, or serum tes-

tosterone < 4 ng/ml (low + low normal values) they

would have avoided more than half of the laboratory

determinations while missing only 1 of the 10 mar-

ked hyperprolactinemic men and none of the 6 pitui-

tary tumors.

Precautions should be taken to avoid false diagnosis

of hyperprolactinemia resulting from stress, meals,

or the intake of certain  types of drugs. Blood sam-

pling ideally should be carried out fasting, following

a 20 minutes rest in a quiet place. Elevated serum

prolactin levels should be confirmed. In case of dis-

crepancy between high serum prolactin and a pattern

of non-endocrine sexual dysfunction the patient

should be investigated to rule out macroprolactine-

mia.

Finally, any man with (non drug-induced) confirmed

diagnosis of hyperprolactinemia should undergo

investigation of the hypothalamic-pituitary area (if

possible Magnetic Resonance Imaging) to rule out

the presence of a tumor responsible for the hyper-

prolactinemia.

6) Treatment of the men wit sexual dysfunction and

hyperprolactinemia

The sexual dysfunction of the hyperprolactinemic

men may be improved by non specific treatments

such as psycho- or sex-therapy or, in cases associa-

ted with ED, the use of sildenafil has been reported

to be effective [95]. However dopamine-agonists

(bromocriptine, lisuride, quinagolide, and cabergoli-

de), most often normalize all aspects of sexual func-

tion, and shrink the size of the possible pituitary ade-

noma, or at least prevent its growth. In addition, they

allow the return of sexual desire, and in cases of ED,

of spontaneous erections avoiding the necessity of

planning sexual intercourse as is the case with silde-

nafil. Therefore they must be the first choice treat-

ment. However, in the case of a pituitary tumor

exceeding 10 mm diameter (macroadenoma) the

patient should undergo a thorough investigation of

its pituitary function. It must also be known that in

cases of low T level, T administration may stimulate

the growth of an eventual pituitary tumor through its

aromatization into estradiol if the hyperprolactine-

mia is not totally controlled by dopamine-agonist

therapy.

Surgical treatment of prolactinomas is reserved for

large tumors that failed to respond to medical thera-

py

e) Corticosteroids, estrogens and leptin

The production of corticosteroids and estradiol, in

males, remains fairly constant  throughout  life. On

the contrary, leptin is altered in hypotestosteronemia

which explains, in part, some the changes in fat dis-

tribution observed in these men [96]. Levels of lep-

tin can be brought down by androgen supplementa-

tion  resulting in an improvement in obesity [97]. No

specific, direct role has been attributed to corticoste-

roids or leptin in sexual function. The role of estro-

gens is further discussed later on in this chapter.

f) Insulin and Diabetes Mellitus

Among the endocrine causes of sexual dysfunction,

diabetes mellitus (DM) occupies the most prominent

position and it should be ruled in men with erectile

insufficiency. The American Diabetes Association

considers a fasting blood sugar as diagnostic of DM

and this test is recommended in men with ED. Not

uncommonly determination of glycosalated hemo-

globin is used for the same purpose. The documenta-

tion of DM does not imply that that other co-morbi-

dities are absent in the etiology of ED in diabetics.

This correlation between DM and ED has been reco-

gnized for many years. Buvat et al. [99] in a case

controlled study of diabetic and non-diabetic men,

found that the psychological factors were additive to

the arterial and neuropathic factors in diabetic ED. A

study of 110 consecutive diabetic men reported that

11% of them had psychogenic factors for ED as the

only cause found, while they were the main cause in

24%, and contributory in an additional 17% [100].

Organic factors, however, are prominently causal in

diabetic ED, and appear quite early in the course of

the disease, just as neuropathic changes may begin

before clinical symptoms are noted.

The primary organic, pathophysiological factors cau-

sing diabetic ED can be categorized as neuropathic

and vascular. The vascular changes are quite promi-

nent as Wang found, in an observational study of 78

diabetic males with ED. These men had complete

medical evaluations, including duplex ultrasound

examinations after an intracorporeal injection of

PGE1, and 87.2% were found to have moderate or

severe cavernous arterial insufficiency. This increa-

sed to 100% if hypertension or alcohol abuse were

added risk factors to the diabetes [101]. DeAngelis

studied 30 type 2 diabetic men with ED versus 30

similar but potent diabetic men in a case-controlled
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study. Factors in the group with ED correlated with

endothelial dysfunction. Indices of coagulation acti-

vation and reduced fibrinolysis were higher in the

ED patients, as were concentrations of thrombomo-

dulin, P-selection and ICAM-1, while the decrease of

blood pressure to L-arginine was lower [102]. Addi-

tional factors, found in diabetic women but easily

applicable to men include an enhanced expression of

endothelin-1, decreased nitric oxide activity, decrea-

sed prostacyclin release, increased adhesion molecu-

le expression, increased platelet adhesion and pro-

coagulant activity, along with increased advanced

glycosylated end products [103]. The Atherosclero-

sis Risk in Communities (ARIC) Study monitored

1,675 middle-aged persons who had diabetes but no

history of coronary artery disease found that endo-

thelial dysfunction factors were predictive of future

cardiovascular disease [104].

A major consequence of endothelial dysfunction is

decreased production and/or action of nitric oxide,

the main penile microcirculation vasodilation factor.

It has been documented that diabetic rats exhibit a

marked decrease of penile nitric oxide synthase acti-

vity, and a reduced nNOS content in penile tissue

[105]. This and other experimental studies have

shown that diabetes impairs neurogenic and endothe-

lium-mediated relaxation of rabbit corpus caverno-

sum smooth muscle with possible mechanisms

involving cholesterol or advanced glycation end pro-

ducts [106].

1) Diabetes and vascular disease

Inherent to the definition of type 2, or adult onset

DM, is insulin resistance. Insulin is the body's most

potent anabolic hormone, as it is the main mediator

of storage of metabolic fuel. Insulin is also a vasodi-

lator and acts via a NO-dependent mechanism as

well as endothelial function [107]. These mecha-

nisms are active in the penile vasculature to produce

ED: Corpus cavernosus duplex US was studied after

an injection of PGE1 and it was found that vascular

ED was the most common etiological factor, as it

was the prime factor in 64% of the diabetic men, thus

supporting the theory that microangiopathy is the

most important cause of diabetic erectile dysfunction

[108]. Hyperglycemia in diabetes causes other meta-

bolic changes that can affect penile physiology.

Sobrevia, in an extensive review of the literature,

noted that elevated blood sugar causes regional

hemodynamic changes and endothelial-dependent

relaxation is impaired. PKC is activated and oxygen

radicals are generated, which inactivate NO and

cause endothelial injury [109]. Christ studied the

mechanism of the known association between hyper-

glycemia and endothelial dysfunction using porcine

coronary arteries in tissue culture and controlling for

normal or high glucose levels, as well as using sucro-

se as a different sugar. Hyperglycemia induced signi-

ficant levels of free oxygen radicals, but not sucrose

or normal glucose levels. This was completely bloc-

ked by removal of the endothelium, proving that the

source of the free radicals was from abnormal endo-

thelial function. Further studies showed that one of

the mechanisms was through NAD(P)H oxidase acti-

vation [110].

2) Diabetes, peripheral and autonomic neuropathy

and ED

An early observational study of 25 patients with

IDDM found that 60% had cardiac autonomic neuro-

pathy, 68% had diabetic cystopathy, while 80% had

signs of peripheral neuropathy. Surprisingly, the

most common symptom was ED (44%), rather than

postural hypotension (28%) [111]. Bemelmans, in a

case-controlled study, looked at 27 impotent and 30

potent diabetic IDDM men, as well as 102 impotent

non-diabetic men. Somatic and autonomic neurolo-

gical testing were carried out. Intracavernosal phar-

macological testing again showed a preponderance

of vascular abnormalities in the diabetic subjects.

Hormonal values did not differ between groups.

Neurological testing revealed that 85% of the impo-

tent diabetic men had some form of neuropathy ver-

sus 40% of the potent diabetic men and 44% of the

impotent non-diabetic men. They also found that

poor diabetic regulation, as measured by A1C levels,

correlated with increased sexual dysfunction [112]. It

should be indicated, however, that a case-controlled

study failed to find a significant difference in the

bulbucavernosus reflex latencies between the diabe-

tic and non-diabetic men. This may reflect, in part,

inherent deficiencies of the test He felt that this spe-

cific test was not useful in evaluating neuropathy as

an etiological cause of ED in diabetic men.

3) Diabetes and hypogonadism

Diabetes lowers testosterone, and hypogonadism

may be yet another factor contributing to ED in this

population. The sum of co-morbidities has more of

an effect than a single risk factor. Low testosterone

levels and elevated gonadotropins were found in a

large observational study of 100 IDDM men and 314

NIDDM men, but only in the population of diabetic

men with neuropathy. Abnormal seminal volume and

abnormal sperm parameters in this population sug-

gested an effect of neuropathy on testicular function
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and/or anatomy [114]. The MMAS longitudinal epi-

demiological study of 1.709 men, aged 40 to 70

years of age, looked at 1,156 men 7-10 years later.

They found that testosterone and SHBG levels were

predictive of new cases of diabetes. The odds ratio

for future diabetes was 1.58 for a decrease of 1 SD in

free testosterone (4 ng/dL), and 1.89 for 1 SD

decrease in SHBG (16 nmol/L), both having p <

0.02). This was consistent with prior cross-sectional

data from this study [115].

4) Diabetes and the vascular endothelium

The vascular endothelium produces endothelin, a

powerful vasoconstrictor, as well as vasodilating

substances. If there is an enhanced production or an

enhanced effect of endothelin, vasoconstriction can

occur. Francavilla et al [116] reported that plasma

concentration of endothelin-1 was increased in both

the nondiabetic and diabetic men with ED versus the

control non-diabetic men (p<0.0005 and p<0.0001,

respectively, and was significantly higher in the dia-

betic versus the non-diabetic men with ED

(p<0.002); elevated levels of endothelin-1 in the cor-

pora cavernosa correlated with the blood levels in all

of the men with ED. These findings suggested that

endothelial dysfunction might contribute to erectile

failure but, others found no difference in the respon-

se of endothelin on contraction of smooth muscle in

the diabetic versus the non-diabetic corporeal tissue,

in vitro [117]. More research is needed in this area,

in order to see if alterations in endothelin level

and/or action in diabetic men has any clinical signi-

ficance in the pathophysiology in diabetic ED.

1. CLINICAL

A diagnosis of hypogonadism in men should always

be based on both a suggestive clinical picture and the

biochemical demonstration of hypoandrogenism.

The combined presence of clinical and biochemical

features of decreased androgens is particularly

important in aging men where the clinical picture

alone loses much specificity. In contrast to the meno-

pause, the process of the andropause is, most com-

monly, characterized by an insidious onset and a

very slow progression. The clinical picture can be

easily attributed to the natural and unavoidable

consequences of aging. True andropause is seen in

the hormonal ablative treatment of advanced prosta-

te cancer and in this situation the manifestations are

defined more clearly. However, a similar but subtler

picture develops in adult men affected by hypoan-

drogenism [118]. It also need to be emphasized that

whenever this diagnosis of has been confirmed, it is

important t exclude reversible causes. The syndrome

of late onset hypogonadism in men is characterized

by :

1. the easily recognized features of diminished

sexual desire and erectile quality, particularly noc-

turnal erections ;

2. changes in mood with concomitant decreases in

intellectual activity, spatial orientation ability,

fatigue, depression and anger ;

3. decrease in lean body mass with associated dimi-

nution in muscle volume and strength ;

4. decrease in body hair and skin alterations ;

5. decreased bone mineral density resulting in osteo-

porosis ;

6. increase in visceral fat. These manifestations need

not all be present to identify the syndrome.

In addition, the severity of one or more of them does

not necessarily matches the severity of the others,

nor do we yet understand the uneven appearance of

these manifestations [119]. In practice, the clinical

diagnosis may be facilitated with the use of scree-

ning questionnaires. Validated ones are currently

available for screening men suspected of hypogona-

dism [120, 121]. The ADAM questionnaire is a

simple and sensitive questionnaire but performs mar-

ginally on specificity, particularly in the elderly. It is,

however, useful for its purpose of initial screening,

leading to a biochemical assessment (Tables 3 and

4). A more extensive, validated instrument, the

Aging Male Scale (AMS), is also available (Table 5).

Neither of these questionnaires replaces a proper his-

tory and physical examination [122].

2. BIOCHEMICAL

It is helpful to review  some facts that constitute the

background for the biochemical diagnosis of hypo-

gonadism in men. We lack a clinically useful biolo-

gical marker of tissular androgen activity. This has

two consequences. First, we are presently not able to

precisely assess possible differences in androgen

sensitivity that may exist between individuals or in

different physiological and pathological situations.

Secondly, for estimation of the androgen status of

individuals we can only rely upon determination of

serum concentrations of testosterone and/or its meta-

IV. DIAGNOSIS OF

HYPOGONADISM

362



363

Table 3.The ADAM questionnaire. A suggested self-administered screening instrument for adult hypogonadism

Table 4. Scoring of the ADAM screening questionnaire.
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bolites and other sex steroids. It is important to rea-

lize that even the most sophisticated measure of

serum androgens can be at best an approximation of

the androgen status. Such a measure does not take

into account the role of intra-tissular metabolism of

androgens into bioactive metabolites (“intracrinolo-

gy”), or inter-individual differences in androgen sen-

sitivity, the so called “endocrine disruptors”.

Measurement of serum testosterone and, in particu-

lar, of those fractions that are readily available for

biological action (free and bioavailable), has been

successfully applied to the diagnosis of hypogona-

dism in young and middle aged men. In fact, the dia-

gnosis of hypogonadism in young men poses little

diagnostic challenges as the clinic is often straight

forward, the serum testosterone levels are often mar-

kedly low, and there is often an evident clinical

context and/or corroborating biochemical evidence

supporting the diagnosis and pointing towards a par-

ticular pathophysiological mechanism. In the absen-

ce of a reliable marker (vide supra) of androgen acti-

vity, we have no answer to the basic question of whe-

ther androgen sensitivity and androgen requirements

change with age.

There is significant inter-individual variability on the

inception, speed and depth of the androgen decline

observed in adult males and no factors have emerged

that predict the onset or severity of the condition

[123]. It has been argued, therefore, that only a mino-

rity of individuals develops hypogonadism. This

may not be the case. As shown earlier (Figure 8)

associated with advancing age, there is also an

increase in the levels of sex hormone binding globu-

lin (SHBG), which translates in a further decrease in

bio-available (free and albumin-bound fractions) tes-

tosterone [124]. An additional phenomenon associa-

ted with aging is the flattening of the circadian

rhythm leading to steady low levels of androgens

throughout the 24 hour cycle [125]. To compound

the difficulties in establishing biochemical and clini-

cal correlates, there are 3 important areas that requi-

re further elucidation :

a) it is not yet known what level of serum T defines

deficiency in men over the age of 50 (when ED

becomes most prevalent), although it is generally

accepted that 2 standard deviations below the normal

values for young men is conclusively abnormal ; 

b) there may be variable responses by the target

organs (brain, bone, prostate, muscle, etc) to the

levels of androgens and,

c) the response by target organs may be influenced

by a variety of endocrine disruptors, the nature of

which is only beginning to be explored in men.

The combination of these 3 uncertainties is impor-

tant: Androgen deficiency may become clinically

apparent at different points within an individual or a

population, depending on the marker used.

Establishing the presence of hypogonadism on pure-

ly clinical basis is, in most cases, extremely difficult.

Only the most severe cases bring up clinical suspi-

cion. Despite this, there is considerable controversy

as to the need for hormonal evaluation in a man com-

plaining of sexual dysfunction. Its usefulness has

been questioned on the basis that it is not cost-effec-

tive [126]. This skepticism is not shared by most

[127, 128]. There are several reasons to justify, at

least, basic hormonal assessment of men with sexual

dysfunction. It is commonly accepted that the com-

bination of low sexual desire and erectile difficulties

may be the result of serious hormonal abnormalities.

The reality is not as simple or clear cut as that. Not

only may hypogonadal men be capable of adequate

sexual erections but also hormonal supplementation

resulting in normal T values does not always result in

restoration of libido and quality of erectile function

[129]. It is important in this context to point out that

there are indications that the threshold for testostero-

ne levels required for normal sexual function may be

clearly below the physiological range. It is highlyre-

commended therefore, that in patients with sexual

difficulties and at risk or suspected of hypogonadism

the following biochemical investigations be done :

a. serum T between 8:00 and 11:00 AM. The best

parameter to determine hypogonadism might be the
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Table 6. Relative merits of the various methodologies for

measurement of circulating levels of testosterone.  The

more + the better the test performs in each category.

Total T: by radioimmunoassay; FTd: free T by equilibrium

dialysis; Fta: free T by radioimmunoassay; FTu: free T by

ultracentrifugation; BT: bio-available T: by ammonium sul-

fate precipitation; FAI: calculated from T and SHBG (100

T/SHBG); cFT: calculated free T as reported by Vermeulen

et al. [131] 



measurement of bio-available T (it includes the free

and albumin-bound fractions). In men beyond midd-

le age levels of total T may be misleading due to alte-

rations in SHBG levels and flattening of the circa-

dian rhythm mentioned previously.

b. If T levels are below or at the lower limit of the

accepted normal values, it is prudent to confirm the

results with a second determination together with

assessment of luteinizing hormone (LH), follicle sti-

mulating hormone (FSH) and prolactin.

c. In the younger (<40 years) male low levels of T

(<12nmol/L or <350 ng/dl) with chronically elevated

gonadotropins makes a clear diagnosis of primary

hypogonadism or testicular failure.

d. In an older man the diagnostic lines are not as

clearly defined and additional information may be

needed. Thus in these men as well as the obese an

SHBG determination may be useful in establishing

the true clinical significance of T measurements.

e. It is prudent to confirm abnormal results (after a

weeks interval) prior to onset of therapy. 

a) Is an age corrected value for T necessary ? This

complex area was reviewed authoritatively by Ver-

meulen [130]. In this review it is emphasized that

there is no generally accepted cut off value of plas-

ma testosterone to unambiguously define androgen

deficiency. In the absence of convincing evidence for

an altered androgen requirement in men at different

ages, he considers the normal range of free T levels

in young males is also valid for elderly men. This

view is backed by fairly strong research : in his heal-

thy male, non obese, population age 20-40 yrs (N =

150), the mean of log transformed early morning T

levels was 21.8 nMol/l (627 ng/dl); the mean minus

2 S.D. was 12.5 nMol/l (365 ng/dl) and mean minus

2.5 S.D. was 11 nMol/l (319 ng/dl). For free T, mea-

sured by equilibrium dialysis or calculated from T

and SHBG levels the mean was 0.5 nMol/l (14

ng/dl), minus 2 S.D. was 0.26 nMol/l (7.4 ng/dl) and

minus 2.5 S.D. was 0.225 nMol/l or 6.5 ng/dl [131].

If one takes as lower normal limit and threshold of

partial androgen deficiency, a conservative value of

11 nMol/l for T and 0.225 nMol/l for FT, which

represent the lower 1 % value of healthy young

males, then it appears that more than 30 % of men

over 75 yrs old have subnormal (F)T levels. Most

authors report rather similar values [132-135]. Again

it should be pointed out that these values are only

indicative and may vary according to the assays used

in different laboratories. This is particularly true for

free and bioavailable testosterone as the methodolo-

gy used for estimation or calculation of these testos-

terone fractions may not be the same in different

laboratories.

b) Assays for measuring testosterone

Although measuring total T is a fairly standardized

test in most laboratories, it measure amounts of hor-

mone not available at tissue level and may, therefo-

re, be misleading. It is generally agreed that assess-

ment of free T FT provides a reliable index of andro-

genicity. The confusion arises on the methodologies

used to measure FT [129]. It should be mentioned

that direct FT assays using a testosterone analogue

(FTra), do not yield a reliable estimate of FT129.

Reliable assays for FT include equilibrium dialysis

(FTd) and ultracentrifugation (FTu). These two are

more difficult to perform and not widely available.

Bio-available T by ammonium sulphate precipitation

is more commonly accessible, reliable and less

expensive. The free androgen index (FAI) is easy to

perform, widely available but unreliable. The calcu-

lated FT (cFT) is widely available, reliable and inex-

pensive. The cFT can be calculated using the formu-

la described by Vermeulen et al [136] and readily

available from the web page of the International

Society for the Study of the Aging Male [137].

Table 6. provides a guide to the relative value of cur-

rent methods for biochemical assessment of hypogo-

nadism. Plasma levels of T exhibit significant varia-

bility within a single individual and within a short

period of time [138]. Therefore, it is prudent to

confirm abnormal results.

The age associated decline in T levels has both a tes-

ticular  (decreased Leydig cell number) and central

origin, the latter being characterized by a decrease in

the amplitude of LH pulses in elderly men. Hence,

older men frequently have normal LH levels. An

increase in LH levels is not required for the diagno-

sis of hypogonadism in elderly men [139].

The issues related to the treatment of sexual function

in diabetics are competently presented in a separate

chapter of this volume. This section deals with (long-

term) androgen treatment. In addition, it focuses on

the adult male -the common victim of both ED and

hypogonadism- eligible for androgen supplementa-

tion in whom androgen deficiency has been diagno-

V. TREATMENT OF HORMONAL

(NON-DIABETIC) ABNORMALITIES
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sed. A decision tree is shown on Figure 10. It sum-

marizes in a practical way the views in the text. In

general terms hormone replacement therapy aims to

substitute the deficient hormone with a perfect copy

of the natural hormone, with a dose schedule that

generates physiological hormone levels over 24

hours of the day. Currently, it is not known whether

the treatment schedule should ideally mimic the cir-

cadian rhythm of production of the deficient hor-

mones.

Unlike thyroid hormone and corticosteroid hormone

substitution, androgen supplementation modalities

are still not completely satisfactory. Though subcuta-

neous testosterone implants [140] , transdermal

patches [141], and more recently the transdermal gel

constitute veritable improvements, the pharmacoki-

netics and pharmacodynamics of the more traditional

forms of androgen replacement fail to mimic the

serum androgen profiles produced by the testis. This

situation is reflected in the reported side effects of

androgen administration. Such side effects might be

the result of the modes of testosterone replacement

leading to un-physiologically high/low levels of tes-

tosterone/5α-dihydrotestosterone (DHT) or the aro-

matization product estrogen, and their ratios. Further,

the route of administration matters ; transdermal

administration of testosterone is associated with high

DHT levels. This is also the case with the oral tes-

tosterone undecanoate. This oral androgen circum-

vents a first pass through the liver through its absorp-

tion from the gut along with the fats via the thoracic

duct. Probably a fair amount of testosterone still

arrives via the portal vein in the liver and causes a

significant decline in the production of sex hormone

binding globulin (SHBG) [142]. While it is docu-

mented much clearer for estrogens, it seems likely

that also androgens exert different metabolic effects

depending on their route of administration, oral or

parenteral.

In contrast to replacement with thyroid hormone or

corticosteroids, suitable valid clinical and biochemi-

cal indices of optimal testosterone supplementation

have not been established in the scientific literature.

This make studies that aim to define beneficial and

deleterious effects of androgen supplementation still

a difficult undertaking. Therefore, the studies and

reports currently available need to be considered

cautiously. Basic knowledge and good clinical judg-

ment are mandatory in applying that knowledge to

clinical situations. 

1. SUITABLE TESTOSTERONE PREPARATIONS

Due to the feedback mechanisms hormone replace-

ment therapy in both young and old men normally

would require full substitution [143]. These findings

have challenged the view that the natural (as opposed

to the iatrogenic) androgen deficiency of the aging

male is, in most cases, only partial and consequently

only partial substitution will be required. Most com-

monly available testosterone commercial formula-

tions are listed in Table 7.

a) Injectables

The most widely used  pharmaceutical forms are the

intramuscularly administered  hydrophobic long

chain T-esters in oily depot, T- enanthate and T-

cypionate, at a dose of 200-250 mg/2 weeks. They

yield transient supraphysiological levels the first 2-3

days after injection, followed by a steady exponen-

tial decline to subphysiological levels, 10-12 days

following administration. Plasma testosterone levels

in the days remaining before the next injection are

subnormal. When the instructions of the manufactu-

rer to administer T-esters every 3-4 weeks are follo-

wed, this period of actual testosterone deficiency can

be as long as 10-18 days [144]. These fluctuations in

T levels are experienced by some of the patients as

unpleasant and accompanied by changes in energy,

libido and mood. The transient supraphysiological

levels might, in fact, increase the frequency of side-

effects. Preliminary studies with intramuscular

injection of testosterone undecanoate 1000 mg indi-

cate that this treatment might yield physiological T

levels during 6-8 weeks [145]. Longer acting T esters

(4-6 months), such as the buciclate are probably not

suited for use in elderly males. In cases of serious

side effects, a rapid withdrawal of T should be pos-

sible. Oral or transdermal testosterone may be better

candidates, though both preparations are associated

with high plasma DHT levels.
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b) Orally administered T is almost completely inac-

tivated by its first pass through the liver, The only

orally active and safe form is T-undecanoate in

oleic acid (TU) which, due its lipophilic side chain,

is partly taken up by the lymph and partly escapes

hepatic inactivation

The maximal plasma concentration of T is generally

observed within 2-3 hrs, but after 6-8 hrs, levels have

returned to pre-treatment levels. Hence, TU should

be administered 2-3 times daily, always with a meal,

to improve absorption [147]. A dosage of 2-3 x 40

mg, generally provides adequate androgen replace-

ment, yielding T levels within the (low) normal

range, whereas DHT levels are moderately increased

(2-4 nMol/l) [148]. The absorption is, however,

rather variable (dependent on food consumption)

and the dose required should be determined on the

basis of plasma levels and clinical effects. Other

orally active, synthetic androgen/anabolic steroids

are either only weakly active (mesterolone; fluoxy-

mesterone) or hepatotoxic due to the presence of an

alkylgroup in position 17 of the molecule [149].

c) Transdermal

Transdermal scrotal or permeation enhanced non

scrotal patches, delivering 4-6 mg of T per day, pro-

vide physiological T levels both in young and eldely

hypogonadal men [150]. Peak levels are obtained 2-

4 hrs after application; subsequently levels decrease

to two thirds of peak levels after 22-24 hrs, mimic-

king the normal circadian variation of T levels in

young adults. The non-scrotal patches often cause

local irritation. With a second generation torso patch

(Testoderm R) this, irritation is reportedly seen less

frequently. Besides providing physiological levels in

young and elderly hypogonadal men, the patches

have the advantage that the therapy can be immedia-

tely stopped, when necessary [151]. Whether the

increased DHT levels have deleterious effects is unk-

nown. But this might not be so (see below).

More recently various hydro-alcoholic T gels have

become available in many countries [152, 153].

When administered to young or elderly hypogonadal

men, a variable percentage of the T applied becomes

bioavailable and with daily application, plasma T

levels in the upper normal quartile can be reached

and maintained. The gels permit an easy adaptation

of the dose to the individual needs. It is not known

whether the elevation of plasma DHT with oral or

transdermal administration is a cause for concern.

The target organs of testosterone, in as far as they

convert testosterone to DHT, have high local concen-

trations of DHT, and plasma levels of DHT might be

a reflection of these conversions in target organs, the

products of which leak into the circulation. It is cur-

rently unknown as to whether elevated plasma levels

of DHT are of pathophysiological significance. In

any case they are far below local concentrations in

target organs. 

d) Other T formulations, such as bio-degradable tes-

tosterone microspheres or cyclodextrin complexed

sublingual formulations are in the process of clinical

evaluation and have not yet reached wide commer-

cial availability. As such, they are not further discus-

sed in this chapter.

e) Dihydrotestosterone

The effects of testosterone are mediated directly as

testosterone or after conversion to either dihydrotes-

tosterone (DHT) or estradiol locally in target tissues.

DHT binds to the same receptor as testosterone but

its receptor binding is stronger, resulting in a consi-

derable higher biopotency than testosterone itself.

The reduction of testosterone to DHT is an amplifi-

cation mechanism of the androgenizing effects of

testosterone. DHT, as opposed to testosterone, can-

not be aromatized to estradiol and therefore acts as a

pure androgen. As a result, in certain clinical condi-

tions a pure androgen might have advantages over

aromatizable testosterone, such as in hypogonadal

men with a propensity to gynecomastia or constitu-

tionally delayed puberty in boys since estrogens are

pivotal in closure of the epiphyses. 

The potential benefits of aromatizable androgens

have been highlighted in regard to the effects of

estrogens on bones, brain and the cardiovascular sys-

tem in men. In contrast, estrogen's effects on the

prostate might be deleterious and in this regard DHT

might be the preferred androgen for the androgen-

deficient aging male. Since DHT is such a potent

prostate stimulating androgen, it is paradoxical to

recommend DHT for androgen replacement of aging

men. But the available evidence suggests that admi-

nistration of DHT is relatively prostate sparing. 

The available studies in hypogonadal men show that

DHT maintains sex characteristics, increases muscle

mass and improves sexual functions without signifi-

cant increases in prostate size [154]. In elderly men

DHT administration resulted in a 15% decrease in

prostate size [155]. This effect was ascribed to the

lack of aromatization of DHT to estradiol, therewith

reducing the hypothesized synergism between andro-

gens and estrogens on the prostate. An alternative

explanation is that DHT is less well transported from

368



the circulation to the prostate. In a more recent study

of three month DHT administration to aging men

[156], no effect on circulating estradiol levels was

noted. Prostate disease markers such as serum PSA,

the prostate symptom score and central and periphe-

ral volume of the prostate measured with sonography

showed no changes following DHT replacement. In

another recent study [157] DHT was administered

for six months. In this study a reduction of plasma

estradiol was noted but again, effects on the prostate

were not observed. Neither were detrimental effects

on lipid profiles noted. On the basis of the above fin-

dings DHT cannot be dismissed as a potentially use-

ful androgen for the aging male but a number of

issues raised above have to be addressed in future

studies. 

DHT gel is available at a dose of 125-250 mg /d

which yields plasma DHT levels comparable to phy-

siological T levels ; more recently it has been shown

that in healthy elderly males, a lower dose of 32 - 64

mg /day yields comparable levels. DHT cannot be

aromatized and, therefore, it will not induce gyneco-

mastia, but it is probably less active at the bone level

[158-160]. It has been  hypothesize that the decrease

in E2 levels by DHT gel treatment may be favorable

at the level of the prostate, where estrogens stimula-

te the proliferation of the stroma.

f) 7alpha-methyl-19-nortestosterone (MENT)

Much Interest exists on the use of androgens that will

spare the most prominent adverse effects of testoste-

rone supplementation. Among the drugs better reco-

gnized and most promising, although not yet com-

mercially available is 7α-methyl-nortestosterone

(MENT) [161]. It is undergoing clinical trials. It has

a high biopotency per molecule, (approximately 10

times more potent than testosterone), and it does not

undergo 5α-reduction which may or may not be an

advantage for its effects on the prostate. However, It

retains its capacity to be aromatized to estradiol. It

has anti-gonadotropic properties and anabolic effects

on muscles. It maintains sexual function in hypogo-

nadotropic men. Its effects on the prostate are less

pronounced [162-166].

g) Estrogens in men

Traditionally conceptualized as “female hormones”,

estrogens have been considered detrimental to male

sexual function. This may turned out to be a simplis-

tic view. Estrogen receptor knockout mice show

abnormalities of the testis and accessory sex organs

[167]. Impaired estrogen action in men leads to dys-

lipidaemia and to impaired flow-dependent vasodila-

tation in peripheral arteries, in response to an ische-

mic stimulus probably resulting from endothelial

dysfunction [168]. Evidence suggests that the effects

of estrogen on the vascular system are not entirely

receptor-mediated [169]. Estrogen effects on the

brain are also becoming increasingly recognized

[170]. In view of the effects of estrogen on many

important organ systems in the male, further resear-

ch into the role of estrogens is necessary. A better

understanding of estrogen receptor physiology and

its two subtypes may allow for improved therapeutic

possibilities in terms of selective effects of estrogens

in men. It may also be significant in clarifying the

potentially negative effect of estrogens on prostate.

Since androgens are the precursors of estrogens and

the main production of estrogens in men is in per-

ipheral organs, part of exogenously administered tes-

tosterone is aromatized to estradiol. The rise in plas-

ma estradiol levels following administration of tes-

tosterone lies somewhere between 50 and 150%. In

other words, supplementing testosterone implies also

supplementing estradiol.

2. SELECTIVE ANDROGEN/ESTROGEN RECEP-

TOR MODULATORS (SARMS AND SERMS)

In cases of hormone deficiencies traditional endocri-

nology aims to replace the missing hormone with a

substitute. To afford the full biological action of the

hormone, this substitute ideally mimics the natural

hormone in molecular structure as closely as possible

; and plasma levels to be achieved over the day must

come close to average levels, and ideally follow the

normal diurnal pattern. Increasing insight how hor-

mones exert their biological effects, has paved the

way for rethinking this traditional aim. Concerns

have recently been  heightened with the report of the

Women's Health Initiative (WHI) [171]. Whether or

not the findings of the WHI will withstand the pas-

sage of time, further experience and additional sta-

tistical review remain to be seen. The therapeutical

potential of SERMs in women may set the stage for

the development of selective androgen receptor

modulators (SARMs). The availability of these

molecules with their diversity of ligands provide the

opportunity to explore the utility and activities of

SARMs [172].

3. DHEA REPLACEMENT THERAPY

The public infatuation with DHEA supplementation

in old age, often presented by the lay press as a

“fountain of youth”, began following a paper by
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Morales et al [173]. In a randomized, placebo-

controlled, crossover trial, 13 men and 17 women

40-70 yr of age received nightly oral administration

of 50 mg DHEA or a placebo for 3 months. In the

DHEA group the serum levels of DHEA and testos-

terone were restored to the young adult range. IGF 1

increased while Insulin Growth Factor Binding Pro-

tein 1 decreased, suggesting a further increase in free

IGF 1. HDL cholesterol also decreased. An improved

sense of well-being was reported by the majority of

women (82%) as well as men (67%) after 12 weeks

of DHEA administration whereas less than 10%

reported any change after placebo. No difference was

noted in libido assessed with a visual analog scale. A

placebo-controlled study of 39 men receiving 100

mg DHEA daily for 3 months resulted in no effect on

well-being and sexual function [174] in a study of 60

peri-menopausal women 50 mg DHA daily for 3

months was not superior to placebo on mood, cogni-

tion, well being and sexual desire [175]. Lastly, in a

study on 22 men 50 to 69 years old, Artl et al [176]

observed no significant effect of 50 mg DHEA for 4

months on well being and sexual function with res-

pect to the placebo, although none of their patients

had sexual dysfunction, a remarkable situation,

indeed. 

The most comprehensive, long term study on DHEA

supplementation in aging men and women was

reported by Beaulieu et al [177]. 140 men and 140

women (70 aged 60 to 69 years and 70 aged 70 to 79

in each group) received for 12 months either 50 mg

of DHEA daily or a placebo according to a double

blind design. No significant difference between the

DHEA and placebo groups was found in the men

(including in sexual function, bone mineral density -

BMD- and the cardio-vascular system). Conversely

several significant differences were found in women:

in the DHEA group, at any age, there was an increa-

se in the sebum production, an androgen-like effect,

and skin hydration, as well as increase in BMD, an

estrogen-like effect. Only in the subgroup 70-79

years old, was an increase in sexual interest found

from the 6th month of supplementation, and in

sexual arousal, sexual activity, and sexual satisfac-

tion at 12 months of treatment. These different

effects probably resulted from the increase in the

serum levels of testosterone and estradiol which

were observed on DHEA supplementation. In men

serum estradiol, but not serum testosterone, signifi-

cantly increased on DHEA. No effect on different

measures of well being was observed in any gender.

No important clinical or biological deleterious effect

was observed during the course of this study. 

More recently Hackbert and Heiman [178] tested in

a placebo controlled study the acute effects DHEA

effects on sexual arousal in 16 postmenopausal

women with an average age of 60 years. 300 mg

DHEA or  placebo were administered 60 mn before

they watch erotic and a neutral videos. A modest but

significant increase in subjective mental and physi-

cal sexual arousal was observed on DHEA. The rapid

occurrence of these effects suggests the possibility of

a direct and central rather than peripheral action.

Interestingly, when the same study was conducted in

premenopausal women, no effect on arousal was

observed [179]. The possible positive effects of

DHEA in female sexuality is discussed thoroughly in

other section of this chapter. 

a) DHEA and Erectile Dysfunction

It has also been speculated that DHEA plays a role in

erectile function. Indeed DHEA-S was the only one

among 17 hormones, that strongly and inversely, cor-

related with the prevalence of ED in the Massachu-

setts Male Aging Study (MMAS) [4]. These data

were partly confirmed in a study by Reiter et al [180]

found DHEA-S levels to be significantly lower in

otherwise healthy men with ED with respect to age-

matched normal controls, but only under the age of

50. The same authors evaluated the effects of DHEA

replacement (50 mg daily) in 40 men with ED in a

double blind placebo-controlled study [181]. DHEA

treatment was associated with higher mean scores for

all five domains of the IIEF but it is unclear in this

paper whether the difference was reached statistical

significance. Regardless, it is obvious that these

results need to be confirmed and presently there is no

convincing evidence for the involvement of DHEA

in ED, although the recent data supporting the pro-

bability of DHEA-specific receptors on vascular

endothelial and smooth muscle cells, cited above,

allow the speculation of a possible involvement of

DHEA in the vascular mechanisms of erection. 

It is evident that the interpretation of the biological

effects of adrenal androgens is hampered by the fact

that DHEA administered orally undergoes extensive

conversion to other sex steroids. The conversion is

mainly into D4-derivatives which, in turn, are stron-

gly metabolized into 5α-3 keto-reduced steroids with

a pronounced increase of testosterone, estrone and

estradiol [182]. In adult men with normal adrenal

function, serum testosterone levels do not rise signi-

ficantly in relation to the extant circulating testoste-

rone levels. However, estrogen levels do rise [183].
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It has been argued that the effects of the adrenal

androgens cannot be reliably assessed from their

levels or the levels of their conversion products in

the circulation, the more “classical” sex steroids,

Their biological effects may be exerted locally in tis-

sues with potential conversion to hormones like

androgens and estrogens, for which the term intracri-

nology has been coined [184].

b) Side effects

A consequence of the conversion of DHEA to andro-

gens and estrogens is that the effects of DHEA admi-

nistration are not necessarily harmless. They may

influence hormone-sensitive diseases such as breast or

prostate cancer. So far there are no reports in the lite-

rature of any side effects from self-administration of

DHEA, which occurs on a massive scale with DHEA

sold over-the-counter as a health product. This may

appear comforting, however it should be taken into

account that physicians are unlikely to relate the

occurrence of cancers and other diseases to the use of

a non-medical drug such as DHEA. Patients, on their

part, might be secretive about the use of DHEA, or

simply not perceive this 'health product' to be a hor-

monal agent. Well-designed studies, with specific end-

points aimed at investigating the effects of deficiency

of adrenal androgens and the results of replacement

therapy in humans are required to resolve the long-

term effect of DHEA therapy [185].

4. HUMAN CHORIONIC GONADOTROPIN

Only one study has monitored the effects of three

months administration of human chorionic gonado-

tropin to aging men with plasma testosterone levels

in the lower range of normal [186]. Plasma levels of

total and free testosterone and estradiol increased

50% above baseline. The effects were very similar to

those of androgen administration to aging men : a

decrease in fat mass, an increase in lean body mass

but no effect on muscle strength. No adverse effect

on hemoglobin or on the prostate were noted. 

5. ADEQUACY OF ANDROGEN REPLACEMENT

AND CLINICAL END-POINTS

It is common clinical practice to judge the adequacy

of androgen replacement by the effects on general

well-being, mood, sexual interest and sexual activity.

Hemoglobin and hematocrit levels might provide

another index in the sense that anemia, for which no

other explanation can be found, might point to

undersubstition. Bone mineral density, though deter-

mined by multiple factors, can be regarded as an

indicator of adequacy of sex steroid replacement but

changes in bone mineral density are slow and a

higher frequency of measurement of bone mineral

density than every two years is usually not informa-

tive. These parameters do not provide quick referen-

ce whether androgen is adequate.

On the specific activity of androgens in ED, recent

reports suggest a marginal synergistic effect when

testosterone is added to phosphodiesterase inhibitors

in hypogonadal men who had failed the latter as a

single therapy [187, 188], apparently mediated by an

increase inflow in the cavernosal arteries [189].

These and other studies are preliminary and involve

only small groups of patients who have been follo-

wed for limited periods. The results must be inter-

preted with much caution.

A general principle in hormone replacement therapy

is that plasma levels to be achieved over the 24 hours

of the day must come close to normal reference

values, and ideally follow the normal diurnal pattern.

So, an impression of adequate levels might be gained

by determining plasma testosterone before adminis-

tration of the next dose of the androgen preparation;

but this measurement does not reveal deviations

from reference values between two administrations.

Fluctuations of plasma testosterone levels are strong

with injectable testosterone esters but much less so

with oral or transdermal testosterone preparations.

1. “RATIONALE” FOR ABUSE

Androgens have both androgenic (masculinizing)

and anabolic (muscle-building) effects. Anabolic

androgenic steroids (AAS) are modified forms of

testosterone and in general they have more anabolic

than androgenic effects. No pure anabolic steroid

exists. Androgens are essential in the development

and maintenance of the secondary sexual characte-

ristics in men and their role, for instance in sexual

desire, sexual thoughts and feelings, male phenotype

and in spontaneous nocturnal erections is well reco-

gnized.

The anabolic action is secondary to an increased

retention of nitrogen, and this positive balance in the

cells promote the entrance of amino acids and pro-

tein synthesis. Testosterone acts through the andro-

gen receptors and it increases the size of the muscle

cells with few effects on their number. In 1954, Rus-

sian researchers described  the properties of anabolic

VI. ABUSE OF ANDROGENS
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steroids in enhancing the effectiveness of athletes in

sport competitions [190]. After this the use of ste-

roids was widespread among athletes, with the pur-

pose of increasing muscle mass, specially in sports in

which muscle mass and strength are important like

weightlifting, bodybuilding, football, etc. For this

reason they were banned for use in international

sport competitions for the first time in 1974 [191].

Controversy has existed for many years whether

there is really a positive athletic performance-enhan-

cing effect with the use of steroids. Some studies

suggest only a limited evidence for it [192]. While

others indicate that previously trained athletes have

moderately better results in muscle strength follo-

wing androgen use, than untrained persons [193].

Bhasin et al [194] demonstrated a significant increa-

se in body weight when testosterone enanthate was

administered in supraphysiological dosage but the

largest increase was obtained when testosterone

administration was combined with exercises. There

was no significant increase in the placebo and in the

no exercise group, reinforcing the idea that muscle

training is important in increasing muscle growth.

Two other studies [195, 196] further supported this

view. Difficulties in determining the real efficacy of

AAS include :

1) All the studies used fixed dosage, contrary to the

AAS users that usually take flexible and frequently

increasing doses ;

2) The doses in most studies were much lower than

the normally employed by AAS users ;

3) Most studies employed a single drug while AAS

users frequently take a variety of agents ;

4) Frequently there has been a lack of adequate tools

to measure the real increase in strength due to the

medication.

Testosterone has a four-ring chemical structure

containing 19 carbon atoms. Most synthetic deriva-

tives of testosterone are produced by one or more of

the following modifications :

1) alkylation of the molecule at the 17-alpha-hidroxy

position - this is the process of synthesis of most of

the oral AAS presentations ;

2) forming an ester at the 17-beta-hidroxyl group -

represented by the parenteral presentations ;

3) altering the structure at a different carbone site. 

2. COMMON PREPARATIONS

The use of androgens outside medical indications is

widespread. The most commonly employed AAS

are:

a) Oral

- Ethylesterenol

- Fluoxymesterone

- Methyltestosterone

- Methandienone

- Oxymetholone

- Oxandrolone

- Stanozolol

- Mesterolone

- Mibolerone (veterinary compound)

- Testosterone undecanoate

b) Parenteral

-Testosterone salts :

- Cypionate,

- Ecanoate, 

- Enanthate,

- Propionate

- Phenpropionate,

- Isocaproate

- Nortestosterone

- Nandrolone

- Boldenone (veterinary compound)

- Methenolone

- Stanozolol (veterinary compound)

- Trenbolone (veterinary compound) 

3. EPIDEMIOLOGY

Most of the prevalence studies on AAS use come

from the United States and most of them are limited

to surveys of students and athletes. The secrecy sur-

rounding androgens use to enhance performance is a

barrier for objective and controlled studies and most

of the published data are flawed because of many

variables, like small number of subjects, lack of

control groups, wide variations in the baseline cha-

racteristics of the subjects, variations in the training

regimens and differences in the measures used to

asses the outcome [197].

After Olympic athletes the second most prevalent

group believed to misuse AAS is the bodybuilding

and/or weigh lifting population [198]. Korkia and
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Stimson [199] reported that 9.1% of 1667 gym

attendees had used AAS and 5% were current users.

Evans [200] reported that 15% of 100 athletes atten-

ding gyms had been using AAS regularly for more

than 6-12 years. Buckley et al [201] (12) estimated

that 7% of male high school seniors in US have used

AAS and the majority of them initiated at age of 16.

Some studies [202, 203] show that from 1 to 3 mil-

lion American people are former or current users of

AAS. Yates et al [204] reported that 4 to 12% of US

high school boys have used AAS sometime in their

lives and Durant et al reported) that among 1000

American secondary school students, 6,5% of men

and 1,9% of women had tried AAS [205]. A survey

conducted by the Blue Shield Association [206]

reported that AAS were the second most commonly

used drugs for enhancing athletic performance

among 12 to 17 year old people ! All these figures

clearly show that the misuse of androgens is, cur-

rently, a significant health issue.

The dissatisfaction with one's body image and the

tendency in the modern societies to yearn towards a

leaner and more muscular body are some of the cul-

tural and social factors that could explain this misu-

se/abuse of AAS. A multicentric study in Boston,

Paris and Vienna [207] showed 2 groups at risk of

AAS abuse: weightlifters (aesthetic) and competitive

sports athletes. In general men are more likely to take

AAS than women and athletes are more likely than

non-athletes. The muscle dysmorphia - a form of

body dysmorphic disorder in which the individual

feels that he is not sufficiently muscular and lean - is

also a risk factor to AAS abuse since these people

perceive themselves to be much smaller and weaker

than they really are [208].

4. VARIANTS OF USE

Therapeutic regimens of treatment in the presence of

clinical indications are based on a fixed adequate

dose of an androgen taken at regular intervals andon

a continous basis. Contrary to this orthodox approa-

ch, regimens that are popular among AAS users,

consist of a mix of several drugs taken orally, paren-

terally or in a combination of both, taken intermit-

tently and in progressively higher doses. The dosage

is from 10 to 100 times the therapeutical doses for

testosterone deficiency. This is known as “stacking”.

Mixing 2 or more compounds in the same syringe is

called “blending”. They are taken in cycles between

4 to 12 weeks followed by a drug-free period of 4-12

weeks (“cycling”). A cycle may start at low doses

(one or two AAS), then taking different AAS at

higher doses, then tailing them off (“pyramiding”). If

the user finds that the effect lessens with time with

one preparation they change to a different combina-

tion (“plateauing”) [209]. The regimens may include

androgens with very limited clinical indications

(including veterinary compounds).

Polypharmacy is also widespread among AAS users

in order to minimize the side effects or to maximize

the action of these drugs. Many compounds are used

but their description is not germane to this consulta-

tion. 

5. SIDE EFFECTS ASSOCIATED WITH USE OF

ANDROGENS FOR NON-MEDICAL REASONS

The risks and side effects essentially reflect and

exaggeration of complications well recognized when

androgens are used for a clear indication and under

proper medical supervision. AAS abuse is correlated

to a variety of complications. Perry et al [210] repor-

ted that 85% of the users had more than 1 side effect

including testicular atrophy (50%) and hypertension

(34%) together with a variety of behavioral altera-

tions [211]. Many of these changes have direct impli-

cations in sexual functioning.

a) Dependence

The mechanism of AAS dependence is not firmly

established but the effects produced by their use are

quite similar to those produced by cocaine and crack

[212]. Steroids do bind to specific receptors in the

brain and may cause disorders in neurotransmitters

and they also appear to sensitize the brain to the

rewarding properties of amphetamine. Tennant et al

showed that AAS dependence may be correlated

with brain monoaminergic and endogenous opioid

systems as the AAS withdrawal symptoms are the

same as some of the hyperadrenergic symptoms seen

with opioids and alcohol withdrawal [213] (22).

Pathological narcissism and lower empathy could

also be involved. Whether dosage or duration of use

are dependence correlated is not yet well established.

Treatment first includes of all discontinuation of the

drugs, control of the withdrawal symptoms (hospita-

lization may be necessary), counseling about psy-

chosocial problems and treating psychiatric disor-

ders associated.
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10. SEXUAL FUNCTION GRADE A

Hypogonadal men with specific sexual dysfunc-

tions (e.g.: ED and/or diminished interest) are

candidates for androgen therapy. Absence of an

adequate response after appropriate testosterone

treatment calls for further investigation to rule out

associated co-morbidities.

9. AGE GRADE C

In the absence of defined contraindications, age is

not a limiting factor to initiate ART in aged men

with hypoandrogenism.

8. INDICATIONS FOR THERAPY

GRADE A

A clear indication (a clinical picture together with

biochemical evidence of hypogonadism) should

exist prior to initiation of androgen therapy.

7. LIPIDS GRADE A

A lipid profile should be considered as a relevant

option in the initial assessment of men with erec-

tile dysfunction.

6. DIABETES GRADE A

Diabetes mellitus is a frequent endocrinological

cause of erectile dysfunction. It should be ruled

out in men complaining of sexual inadequacy.

Appropriate glycemic control is fundamental

before consideration of any other hormonal treat-

ment in men with ED.

5. OTHER HORMONAL ALTERATIONS BESIDES SEX

HORMONES GRADE C

It is recognized that significant alterations in

other endocrine systems occur in association with

aging but the significance of these changes is not

well understood, particularly in relation to

sexual function. In general terms, determinations

of estradiol, DHEA, DHEAS, melatonin, GH and

IGF-1 are not indicated in the uncomplicated eva-

luation of hypogonadism. Under special circum-

stances or for   well defined clinical research,

assessment of these and other hormones may be

warranted.

4. PROLACTIN GRADE A

Hyperprolactinemia is an uncommon cause of

ED. However, determination of serum prolactin is

recommended in cases associated with diminished

sexual interest and when biochemical hypogona-

dism has been documented. 

3. BIOCHEMICAL DIAGNOSIS GRADE A

In patients with sexual dysfunction and at risk of

or suspected of hypogonadism the following bio-

chemical investigations are recommended: a

blood sample for testosterone (T) determination

between 8:00 and 11:00 AM. The most accessible

and reliable assays to establish the presence of

hypogonadism are the measurement of bio-avai-

lable T or the calculated free T (cFT). Assays for

total testosterone, particularly in the elderly, may

not reflect the man's true androgenic status. If T

levels are below or at the lower limit of the accep-

ted normal values, it is prudent to confirm the

results with a second determination together with

assessment of luteinizing hormone (LH), follicle

stimulating hormone (FSH) and prolactin. 

2. CLINICAL DIAGNOSIS GRADE A

The clinical manifestations of adult hypogona-

dism are not specific. Sexual dysfunction (decrea-

se in sexual interest and quality of erections) is

prominent and, often the presenting symptom.

Depression, irritability, cognition and sleep, as

well as diminished strength and endurance may

also be present. The physical examination is fre-

quently unhelpful. But, alterations in testicular

size and consistency, hair distribution, muscle

mass, body shape and sequelae of osteoporosis

can be detected. Not all the manifestations need

to be evident simultaneously and their intensity

shows marked inter-individual variability.

1. DEFINITION GRADE B

Adult onset hypogonadism is a clinical and bio-

chemical syndrome frequently associated with

advancing age and characterized by a deficiency

in serum androgen levels, with or without changes

in receptor sensitivity to androgens. It may affect

the function of multiple organ systems and result

in significant detriment in the quality of life, inclu-

ding major alterations in sexual function.
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20. PROSTATE SAFETY - II GRADE D

Men successfully treated for prostate cancer and

suffering from symptomatic hypogonadism may

become candidates for androgen therapy, after a

prudent interval, if there is no evidence of resi-

dual cancer. The risk and benefits must be clearly

understood by the patient and the follow-up must

be particularly careful. No reliable evidence

exists in favor or against this recommendation.

The clinician must exercise good clinical judg-

ment together with adequate knowledge of the

advantages and drawbacks of androgen therapy

in this situation.

19. PROSTATE AND BREAST SAFETY - I GRADE A

Androgen administration is absolutely contraindi-

cated in men suspected of harboring carcinoma of

the prostate or breast. 

18. MONITORING - PROSTATE

GRADE A

In men over the age of 40 years, digital rectal exa-

mination (DRE) and determination of serum pros-

tatic specific antigen (PSA) are mandatory as

baseline measurements of prostate health prior to

therapy with androgens, every three (3) to six (6)

months for the first 12 months, and yearly the-

reafter. Transrectal ultrasound guided biopsies

of the prostate are indicated only if the DRE or

the PSA are abnormal.

17. MONITORING - LIPIDS GRADE A

A fasting lipid profile prior to initiation of treat-

ment, if not done as part of the initial evaluation -

Recommendation 7) and re-assessment at 3 or 6

months after onset of testosterone administration

is also recommended.

16. MONITORING - LIVER GRADE A

Currently available T preparations are largely

free of hepatic toxicity (methylated forms are an

exception). Liver function studies are advisable

prior to onset of therapy. Periodic assessment

during treatment may be considered. Despite the

lack of evidence, commercial manufacturers (for

regulatory purposes) include warnings about

hepatic risks in their product insert.

15. ANDROGEN ABUSE GRADE A

Androgens should be used only when specific

indications exist. Their (ab)use for performance

enhancement, in the absence of hypogonadism, is

to be condemned.

14. OTHER ANDROGENS GRADE B

The use of DHEA has not been proven to be effec-

tive specifically in male sexual dysfunction. Cur-

rent evidence on DHT efficacy is also insufficient.

There is a need for additional studies aimed

expressly at investigating the effects of these hor-

mones on sexual function.

13. SERUM LEVELS GRADE B

The purpose of ART is to bring and maintain

serum T levels within the physiological range.

Supraphysiological levels are to be avoided.

Supraphysiological levels are to be avoided.

Although it may appear desirable, no evidence

exists for or against the need to maintain a cir-

cadian rhythm of serum T levels.

12. TESTOSTERONE COMMERCIAL FORMULATIONS

GRADE B

Currently commercially available preparations of

testosterone (with the exception of the alkylated

ones) are safe and effective. The treating physi-

cian should have sufficient knowledge and ade-

quate understanding of the advantages and draw-

backs of each preparation. The patient should be

given the opportunity to actively participate in the

choice of androgen formulation.

11. COMBINED TREATMENT FOR ERECTILE

DYSFUNCTION GRADE C

Evidence is emerging suggesting therapeutic

synergism with combined use of testosterone and

phosphodiesterase-5 inhibitors in hypogonadal

or borderline eugonadal men. These observations

are very preliminary and require additional study.

However, the combination treatment can be consi-

dered in patients failing adequate treatment with

phosphodiesterase inhibitors alone. No credible

evidence for or against exists with other drugs in

combination with androgens.
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Priapism and Peyronie's disease were considered by

committees 12 and 15 in the first consultation on

erectile dysfunction [1, 2] and there have been few

advances in the subjects since that time. The com-

mittee will attempt to provide an “evidence based”

review of the conditions with the emphasis very

much on the practical management of patients.

The literature has been reviewed but most of it

consists of observational studies and greater reliance

has been placed upon the views of the expert panel

than one would have wished. The committee has

debated contentious issues and modified some of the

views of the earlier committee.

1. CLASSIFICATION

A priapism is a persistent unwanted erection that is

not associated with sexual desire or sexual stimula-

tion. It is uncommon in men and rare in women.

It is important to distinguish between the 3 different

types of priapism (Table 1) but remember that they

are not necessarily separate entities :

1. Low flow, ischaemic or anoxic priapism. This is

the most common and if untreated results in

necrosis of the cavernous muscle and subsequent

fibrosis and  impotence. It is an example of the

compartment syndrome and requires urgent treat-

ment.

2. High flow well oxygenated priapism. Classically

this condition occurred following penile revascu-

larisation procedures but it has subsequently been

recognised as occurring after penile and perineal

injuries when the cavernosal artery is damaged. It

may also be idiopathic and this form may be rela-

ted to the recurrent, or stuttering, priapism.

3. Recurrent or stuttering priapism commonly occurs

in men with sickle cell disease but is not confined

to them. Such a priapism is usually high flow but

may become low flow and anoxic.

2. INITIAL MANAGEMENT OF PRIAPISM

Little has changed with regard to priapism during the

past 3 years and the modern management stems from

the recognition of the difference between low flow

and high flow priapisms [3, 4], the damaging effect

of ischaemia, and the importance of muscle contrac-

tion to maintain flaccidity. The initial management is

summarised in Table 2. It is usually possible to dis-

tinguish between the two main types of priapism

from the clinical history and examination and first

aid measures may be tried whilst awaiting the arrival

of an urologist. Aspiration is not necessary if the dia-

gnosis of a high flow priapism is probable as judged

by the history and examination.

I. PRIAPISM

INTRODUCTION
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Table 1. Priapism : Classification

Low Flow, Ischaemic or Anoxic Priapism

Most common

A compartment syndrome

Requires urgent treatment

High Flow, non ischaemic Priapism

Rare

Well oxygenated

No urgency to treat

Recurrent or Stuttering Priapism

Uncommon

Ill understood

Not just in sickle cell disease



3. ISCHAEMIC PRIAPISM

a) Pathophysiology

This may be regarded as a prolongation of a normal

erection and in the idiopathic form is frequently pre-

sent on waking. Table 3 shows some of the factors

associated with a low flow ischaemic priapism.

Intracavernous drug therapy was infrequently asso-

ciated with this type of priapism and this has greatly

increased our understanding of the condition.

During erection there is a relaxation of the smooth

muscle in the cavernous arteries and tissue, this is

associated with the increased arterial inflow and the

decreased outflow of blood. The intracorporeal pres-

sure may rise above mean arterial pressure and the

inflow of arterial blood is limited. The persistence of

erection and failure of detumescence, the contraction

of cavernous smooth muscle, is associated with

increasing anoxia, a rising pCO2 and acidosis.

These changes have been well documented [5]. The

prolonged erection is not painful initially but

becomes painful after a variable length of time. It has

become customary to warn patients that any erection

lasting more than 4 hours requires urgent medical

attention.

Pain increases the longer the erection persists and

this is associated with increasing tissue anoxia until

muscle necrosis (Figure 1) eventually occurs. It fol-

lows that in order to reverse the process it is neces-

sary to lower the intracavernous pressure, reoxyge-

nate the tissues, and contract the cavernous muscle to

restore flaccidity of the penis. Ultrastructural

changes in the corporal smooth muscle were seen

after a priapism of 12 hours duration and these

changes became marked after 24 hours [4].

The tissue necrosis is patchy at first, possibly related

to the proximity of arterial blood entering the corpus,

but it is a useful concept to consider an anoxic, low

flow priapism as an example of a compartment syn-

drome. Early relief will be associated with the return

of normal flaccidity, but more prolonged ischaemia

is associated with tissue oedema - clinically a braw-

ny penis , and necrosis with a failure to obtain detu-

mescence.

The end result of muscle necrosis after a priapism is

fibrosis (Figure 2) which may be patchy in distribu-

tion and it is thought that TGF-beta has an important

role in this process [6].

b) Assessment Of Ischaemic Priapism

A history and examination are more than sufficient to

make the diagnosis. In truth, the history only serves

to assess whether there are any causative factors and

the possible duration of ischaemia. The examination

serves to assess the severity of pain, the rigidity of

the penis, and the lack of involvement of the glans

penis and corpus spongiosus. It will also identify the

man in whom the priapism is secondary to a secon-

dary tumour in the penis.

A blood sample should be analysed to exclude sick-

le cell disease, thallasaemia major, and leukaemia.

These conditions require appropriate management at

an early stage. Prolonged erections and priapism are

not uncommon in sickle cell patients and will be dis-

cussed in a separate section.

c) First Aid Management Of Priapism (Table 4)

This may be initiated by the man himself or by the

staff before a doctor makes an assessment. The tradi-

tional remedy of ice-packs or a cold shower may be

successful in the early stages and are probably act by

inducing reflex vasoconstiction. The act of micturi-

tion may occasionally releave a priapism.

The original description of using an exercise bicycle

[7] has been replaced by the more readily available

exercise of mounting stairs - taking care not to over-

stress the coronary arteries. It is likely that the exer-

cise acts by introducing a gluteal steal type of action.

Analgesics should be given as appropriate and, as the

pain may be severe and the man distressed, this may

need to be an opiate.Oral treatment may be conside-

red according to availability and choice:

Terbutaline [8, 9] : A placebo controlled study was

performed on 65 men who had received an intraca-

vernosal injection of prostaglandin E1 and if the

erection had persisted 2.5 hours they were randomi-

sed to receive either pseudoephrine 60 mg [10], ter-

butaline 5mg, or sodium bicarbonate 648 mg (as pla-

cebo). The terbutaline treated men received an addi-

tional 5mg dose if detumescence had not occurred

within 15 minutes. Any patient with an erection per-
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Table 2 : Initial Management of Priapism.

ASSESSMENT

History, Examination, Haematology

FIRST AID MEASURES

Analgesia, Physical, Pharmacological

ASPIRATE CORPUS CAVERNOSUM

Dark blood = Low flow priapism

Red blood = High flow priapism
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Table 3 . Factors Associated with Ischaemic Priapism.

Haematological Disorders

Sickle cell disease

Thalassaemia

Leukaemia

Drugs

Erectogenic

Antidepressant

Antihypertensive

Recreational

Malignancy

Table 4. First Aid Measures in Priapism.

Physical

Micturate

Ice pack : cold shower

Exercise

Analgesics

Pharmacological

Procyclidine

Terbutaline

Pseudoephrine

Etilephrine

Figure 1: Muscle necrosis in

priapism.

Figure 2 :  Muscle fibrosis

post priapism.



sisting more than 3 hours after the initial prostaglan-

din injection recieved 2-4 mg of intracorporeal phe-

nylephrine (0.1 mg/ml). Oral treatment was success-

ful in only 19 of the 75 men with prolonged erections

and occurred in 3 (12%) with placebo, 7 (28%) with

pseudoephrine, and 9 (36%) of the 25 men treated

with terbutaline. Three of the 9 men responding to

terbutaline received 10 mg of that drug. The authors

[9] concluded that it was worth trying terbutaline in

a pharmacologically prolonged erection. Oral thera-

py has now largely replaced intrcavernous treatment

of erectile dysfunction and terbutaline is no more

than a first aid measure.

Pseudoephrine : This was almost as effective as ter-

butaline in the above trial and may also be conside-

red as a first aid measure.

Etilephrine [10, 11] : this is an alpha adrenoreceptor

agonist that is only available in some countries. It is

a useful drug in that it is active when used orally or

by intracavernosal injection.

The intravenous injection of procyclidine [12] or clo-

nidine [13] were sometimes successful in termina-

ting an idiopathic priapism in the pre-intracavernous

therapy era. It is likely that they act by blocking the

parasympathetic pathway as both drugs have the side

effect of causing a dryness of the mouth and difficul-

ties of eye accommodation.

d) Urological Assessment And Management (Table 5)

The history and examination are directed towards

finding aetiological factors. Haematological abnor-

malities require proper assessment and management

as are indicated. Once a low flow priapism has been

confirmed on clinical grounds it is essential to

decompress the corpora as soon as possible. The

withdrawal of 5 ml of blood may be associated with

immediate pain relief and detumescence. This is par-

ticularly likely in the early stages of a prolonged

pharmacologically induced erection.

Consideration should be given to local penile anaes-

thesia. This is unnecessary in the early stages, parti-

cularly when pain is severe and an opioid analgesic

has been given. The introduction of a 19 guage but-

terfly needle is all that is required and if further anal-

gesia is required, then a penile ring block may be

performed.

The colour of the blood aspirated in a low flow pria-

pism is almost black and the blood gases will

confirm the hypoxic conditions [14]. It is necessary

to slowly aspirate until oxygenated red blood is

obtained before injecting an alpha-adrenoreceptor

agonist in an attempt to cause contraction of the

smooth muscle. This process may take 1 hour to

occur and the pulse and blood pressure should be

monitored. Escape of the vasoconstictor into the sys-

temic circulation is indicative of  the restoration of

venous outflow  from the penis and may be accom-

panied by retching and a reflex bradycardia. Detu-

mescence soon occurs and may be accompanied by a

tachycardia and hypertension. It is doubtful whether

irrigation of the corpora is of any benefit.

It is preferable to use an adrenergic agent with a pure

alpha receptor action as possible to minimise harm-

ful effects on the heart [15, 16]. It is for this reason

that phenylephrine is the agent of choice (10 mg/ml

diluted with 9 ml of saline and injected 2ml at a

time).

Failure to bring about detumescence by repeated

aspiration over the course of at least an hour is sug-

gestive of permanent injury of the smooth muscle

and the roll of surgery should be considered. There

must be doubts about its effectiveness in these cir-

cumstances [17] although for medico-legal reasons

shunt operations may still be performed. It is recom-

mended that the corporal muscle should be biopsied

at such operations.

e) Surgery

Winter [18] in his classic review of 105 patients with

priapism made many important observations. He

emphasised that the man should sign a well formula-

ted consent form that is witnessed by a friend or

family member, that a priapism was followed by

impotence in half of the patients and that this was

due to the disease and not the treatment. He descri-

bed the glans shunt in the first instance, repeated

after 12 hours if unsuccessful, and then by a spongio-

cavernosus shunt. Should this prove to be unsuccess-
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Table 5 . Urological Management of Anoxic Priapism.

Aspiration (19G butterfly needle)

20ml : confirm diagnosis

pain relief

Resolution ?

Reaspiration

Slow aspiration to maintain 

detumescence and reoxygenation

Inject α-agonist after 10 minutes

Repeat aspiration and injection to maintain

detumescence for 1 hour

BIOPSY and

Surgery : a) shunt or

b) implant penile prosthesis



ful, then he would perform a corporeal-saphenous

shunt. We now know that faiure of the shunt to bring

about detumescense is not due to the shunt clotting

but to the inability of the smooth muscle to contract

due to muscle necrosis .

The major problem is knowing when irreversible

muscle necrosis has occurred as it is not after a fixed

period of time. Some recovery of function is likely in

the first 24 hours but this then becomes increasingly

unlikely (vide section on post priapism erectile dys-

function). The reason that surgery may be successful

is probably because there is a revascularisation of the

muscle when the shunt is being fashioned in addition

to blood being able to escape from the closed com-

partment.

Some authors [19, 20] have suggested that in the

man who presents a long time after the onset of a

priapism and if it fails to respond to conservative

measures, it is reasonable to biopsy the cavernous

muscle and implant a penile prosthesis as part of the

initial management.

The initial outcome of “successful” priapism treat-

ment is often difficult to assess as the penis remains

somewhat painful and turgid. The cessation of the

severe pain associated with the compartment syndro-

me is probably the most useful sign, particularly

when associated with the aspiration of oxygenated

blood.

The surgical techniques of shunt surgery are well

known, described and illustrated in the 1st consulta-

tion, and are no longer performed by some of the

committee.

f) Prognosis

The end result of an untreated, or many a late treated,

priapism is muscle fibrosis and subsequent fibrosis.

The timescale may vary but interstitial oedema was

found to occur after 12 hours, destruction of endothe-

lial lining after 12 to 24 hours and muscle necrosis

after 24 to 48 hours. The onset of pain in a prolonged

erection is an indication for urgent intervention. The

relationship of post priapism impotence to the dura-

tion of priapism is shown in Table 6. This shows that

90% of men with a priapism lasting 24 hours do not

regain the ability to have intercourse [21].

g) Post Priapism Erectile Dysfunction

Reassurance and/or psychological counselling are

invaluable in the early phase and men should be war-

ned not to expect a rapid return of function. The

return of orgasm suggests that major psychological

sequellae have passed and furter investigation and/0r

treatment indicated. Post priapism erectile dysfunc-

tion is rarely due to a patent shunt and closure of

these shunts or fistulae rarely restores potency.

The failure of oral or intracavernous therapy to

improve potency following a priapism is not uncom-

mon, and a vacuum device may be tried but is often

unsatisfactory. In these circumstances a penile pros-

thesis should be implanted, but the operation may be

very difficult and is best performed by an experien-

ced surgeon.

4. HIGH FLOW PRIAPISM

The prognosis is good in this type of priapism, inter-

vention is not urgent and often unecessary. Unfortu-

nately, it is much less common than the ischaemic

low flow priapism.

a) Classification

1. Congenital : arterial malformations may be asso-

ciated on rare occasions with a priapic condition of

the penis.

2. Traumatic :

a : external trauma to the perineum,

b : Internal trauma, usually needle injury of the

cavernosal artery.

3. Neoplastic

4. Iatrogenic : post revascularisation procedures.

5. Idiopathic.

b) Diagnosis

Awareness is the key to diagnosis. Pain is less of a

feature than in the ischaemic priapism and it is never

as severe. The onset of a post traumatic priapism is

usually delayed and may occur up to 72 hours after

the injury. It is thought that the clot that forms ini-

tially becomes dislodged when the blood flow

increases during erection. The penile erection is not

rigid and arterial pulsation may be visible in the

penis. Such a situation may resolve spontaneously

after days or, even months, and erectile capacity is

preserved.
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Table 6 . Prognosis in Ischaemic Priapism [21].

Potent Impotent

Duration < 24 hr 18 (56%) 14

Duration > 24 hr 4 (11%) 34

p>0.001

Pryor 1998



Idiopathic high flow priapism is more difficult to

diagnose clinically and typically, but not exclusively,

occurs in men with sickle cell disease.

A high flow priapism is confirmed by aspirating

bright red arterialised blood from the corpora and the

diagnosis is then confirmed by Doppler examination.

Examination with a simple Doppler probe may

enable the site of a fistula to be identified, digital

compression may assist in identifying the site of

injury. The more sophisticated Doppler probes are

often too large to permit accurate identification but

may show the area of increased blood flow. Selecti-

ve pudendal arteriography should demonstate the

site of arterial injury. There is no urgency in carrying

this out as erectile function is unlikely to be lost by

delay. The reason for this is that the corporal smooth

muscle is not relaxed, except during concurrent erec-

tions, and the outflow mechanism is intact.

c) Treatment

There is no urgency to treat a non ischaemic pria-

pism as many resolve spontaneously; presumably as

the fistula clots and is sealed off. In other patients,

even after months' of delay, treatment of the high

flow state is associated with a return of normal erec-

tile function.

The definitive management of a traumatic high flow

priapism is by selective embolisation with autolo-

gous blood clot. This is usually successful and may

be repeated. Surgical ligation of the fistula may be

successful but it is more difficult and more invasive.

The management of the idiopathic high flow pria-

pism will be discussed under recurrent priapism.

d) Prognosis

This is good and nothing should be done to harm

this. It should be remembered that an idiopathic high

flow priapism may convert to a low flow one and

urgent intervention is then required.

5. RECURRENT OR STUTTERING PRIAPISM

This condition is uncommon, not confined to men

with sickle cell disease, and poorly understood. The

onset of the prolonged erection is usually during

sleep and detumescence does not occur immediately

upon waking. Many men establish an exercise routi-

ne in order to bring about detumescence. These erec-

tions are usually painfree at first but become painful

after an hour or so. These painful erections interfere

with the patient's lifestyle and encourage him to seek

medical help.

Eleven of 18 men with sickle cell disease who pre-

sented with an ischaemic priapism gave a history of

preceeding prolonged erections whereas such a his-

tory was only present in 11 of 33 men with non sicle

cell ischaemic priapism [21]. In a recent study [22] it

was found that in a group of 130 men with sickle cell

disease, 46 (35%) men reported a history of priapism

and of these 33 had a history of stuttering priapism.

The mechanism for recuurent priapism is obscure.

The men may have abnormal patterns of nocturnal

penile tumescence [12] but does this reflect a central

mechanism or an abnormality of the corpus caverno-

sus [23].

The management of recurrent priapism is difficult as

the episodes may be ischaemic or non ischaemic in

the same patient. Sickle cell disease, if present,

requires haematological management (Table 7) and

this may help in reducing the frequency of attacks.

Table 8 summarises the pharmacological attempts to

control the problem but none of them are entirely

successful [24-30]. Androgen suppression is the

most effective but has the undesireable effect of cau-

sing testicular atrophy. An acute ischaemic episode

requies urgent management in the usual way and epi-

nephrine (1 : 1000000) was found to be effective in

37 of 39 episodes of ischaemic priapism in young

men with sickle cell disease [31].

Recurrent priapism is often a nuisance rather than-

dangerous as it is usually high flow and non ischae-

mic. However a full blown ischaemic episode may

occur and that requires urgent intervention.
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Table 7. Sickle Cell Disease Management.

Analgesics

Hydration

Oxygenation

Bicarbonate

Blood transfusion

Table 8. Pharmacological Control of Recurrent Priapism.

Procyclidine [12]

Clonazepam [12]

Terbutaline [24]

Etilephrine [11, 25]

Stilboestrol [26]

LHRH agonists [27, 28]

Baclofen [29]

Phenylephrine implant [30]



6. SUMMARY

A priapism is a persistent unwanted erection that is

not associated with sexual desire or sexual stimula-

tion and its management is summarised in Figure 3

and Table 9.

Peyronie's disease is named after the French physi-

cian Francois Lapeyronie (1678 - 1747 ) and is an

acquired disorder of the tunica albuginea. It is cha-

racterised by the formation of a plaque of fibrous tis-

sue which may be associated with erectile dysfunc-

tion and pain on erection. There may be difficulty of

penetration as a result of the curvature and the condi-

tion may be accompanied by some impairment of

erectile capacity.

The early stage of Peyronie's disease is characterised

by an inflammatory response beneath the tunica

albuginea with fibroblast proliferation to form a thic-

kened plaque of fibrous tissue in the tunica albugi-

nea. Calcification and/or ossification may occur.

Classical Peyronie's disease may be differentiated

from localised cavernous fibrosis which may be due

to direct external trauma to the corpus, injury from a

fractured penis, or damage to the cavernous tissue

intracvernous injections. Atypical areas in the crura

are probably due to external trauma.

Peyronie's disease is usually easy to diagnose by cli-

nical history and examination and it should be diffe-

rentiated from congenital abnormalities (vide infra)

and extremely rare secondary tumours in the penis.

Committee 12 considered Peyronie's disease in the

first consultative document [1] and no purpose will

be served by repeating all the information contained

in that chapter. This chapter will concentrate on the

existing evidence base for management. There are

few clinical trials and the task is made more difficult

by the natural history of the disease which shows

some improvement with pain almost always disap-

pearing. A Medline seach was performed in March

2003 and the 930 articles published since 1998 revie-

wed. Members were asked to notify of other relevant

papers and the recent journals were also reviewed.

1. PATHOPHYSIOLOGY OF PEYRONIE'S DISEASE

The incidence is estimated to be between 0.4-3.2%

[32-38] and depends upon upon the definition of

Peyronie's disease (curvature vs plaque) and the

means of detection (questionnaire vs examination).

The literature is devoid of robust epidemiologic stu-

dies conducted in a multinational, multi-ethnic

fashion using rigorous data collection and statistical

analysis. The data avialable suggest that the inciden-

ce of Peyronie's disease (as defined by a plaque) is

higher than previously thought.

II. PEYRONIE’S DISEASE
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INITIAL MANAGEMENT

History, examination

Haematology (Specific 

management)

FIRST AID MEASURES

Analgesia

Physical methods

Oral drugs to control erection

DEFINITIVE MANAGEMENT

Doppler 

ASPIRATION examination

LOW FLOW ISCHAEMIC HIGH FLOW

NON ISCHAEMIC

Maintain decompression

α-adrenergic agonist Expectant

Compression

Embolisation

Biopsy + shunt surgery (surgery)

Late 

Rehabilitation presentation

Penile prosthesis

Figure 3: Priapism Management.

Table 9 . Summary.

Ischaemic priapism is a urological emergency

Aspirate

Oxygenate

Stimulate smooth muscle to contract

Surgery, Biopsy + shunt or implant

High flow priapism

Awareness

Good prognosis

Embolism

Recurrent : Control however possible

More research required



Current basic science research on Peyronie's disease

is focused on one of two models, the Lue animal

model or in vitro fibroblast culture model. Each has

their specific advantages and disadvantages. Cell

culture models are hampered by the fact that they

probably do not fully represent the in vivo condition,

however, they are useful to define the pathobiology

of the constituent cells and may allow the explora-

tion of agents that can manipulate the biology and

behavior of these cells.

The pathophysiology of Peyronie's disease remains

poorly understood and is considered to be multifac-

torial with the interplay of a genetic predisposition,

trauma and tissue ischaemia. There is an abnormali-

ty of wound healing with the implication of TGF-

beta, cell cycleregulators, inductible nitric oxide syn-

thase, and gene abnormalities [39-46]. It is likely that

the final common pathway involves fibrogenic cyto-

kine indecued fibrosis in the tunica albuginea.

Research is hampered by the absence of a universal-

ly accepted animal model and concern over the

applicability of the cell culture models employed.

2. ASSESSMENT OF PEYRONIE'S DISEASE

A history and examination are usually sufficient to

make the diagnosis and further investigation is only

necessary in selected patients. The committee dis-

cussed the question of a standardised assessment and

there is certainly merit in adopting a unified symp-

tom score as suggested in the first consultative docu-

ment (Table 10).

Plaque size is measured in the flaccid penis but the

committee discussed the cost benefit of greater accu-

racy with the measurement of plaque size from ultra-

sound, CT or MRI in the flaccid or erect penis. We

concluded the the additional cost was only justified

in the context of a clinical trial , but even here we

preferred to increase the size of the trial rather than

have the greater accuracy.

Clinical estimation of the deformity compared well

with the operative findings [47]. Photographic docu-

mentation of a natural, pharmacologically induced or

vacuum induced erection may be considered and

would be of benefit in the context of a clinical trial.

Assessment of the quality of erection by a simple

scoring system should be replaced by the IEEF-5 or

an agreed successor.

Penile scintigraphy using human IgG labelled with

99mTc [48] might be useful to distinquish between

stable and unstable Peyronie's disease but at the pre-

sent time this is only of value with regard to surgical

correction of the deformity.

a) Non Operative Management

This review will look at the evidence and small

observational studies will only be mentioned in order

to clarify the “story”. This is because there is a high

chance of spontaneous improvement in the condition

even in untreated men with Peyronie's disease. A

recent review of the literature [49] found that there

was a 35-100% improvement in pain, 11-100%

improvement in plaque size, and a 10-82% improve-

ment in angulation. The overall quality of evidence is

limited and there have been few clinical trials.

3. ORAL THERAPY

a) Procarbazine

The initial studies with this drug had shown that 9

(53%) of 17 patients were cured [50] and a separate

study [51] showed that 11 men were cured and a fur-

ther 3 improved from a group of 21 men. In the same

year a third study reported that only one of 10 men

improved with procarbazine treatment [52].

In an open label study [53], 34 men were randomly

allocated to receive procarbazine (20 mg twice daily)

or vitamin E (200 mg three times daily) for the first

3 months and they would then crossover to receive

the opposite drug. The symptoms of pain, deformity,

lump, ease of penetration and whether intercourse

was possible were graded 0, 1, or 2. The men were

seen monthly and assessed at the end of each 3

months.
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Table 10. Assessment of Peyronie's Disease.

Pain 0 Absent

1 Slight during coitus

2 Slight during erection

3 Moderate

4 Severe

5 Constant - even in flaccid penis

Deformity 0 0º Plaque Size 0 0

1 15º 1 1cm

2 30º 2 2cm

3 45º 3 3cm

4 60º 4 4cm

5 >75º 5 5cm

Erection IEEF-5 as modified



The results are shown in Table 11 where it can be

seen that vitamin E was superior to procarbazine.

Side effects were common with procarbazine and 6

men discontinued treatment for this reason.

The background to this study has been reported in

detail as it emphasises the need for some form of

control group. The study is rated 2- as it was not blin-

ded and only 67% completed it.and shows that pro-

carbazine is not useful in Peyronie's disease (C).

b) Vitamin E

This antioxidant has been widely used since it was

first recommended in 1948 [54]. In 1978 it was

shown to be more effective than procarbazine and on

that basis a double blind, randomally allocated clini-

cal trial was performed [55].

Sixty men were randomly allocated to receive vita-

min E (200 mg) or matching placebo 3 times daily

for 3 months's each. The severity of symptoms were

scored on each of the monthly visits and only 40

(67%) of the men completed the study.

The results are shown in table 12 but showed no dif-

ference between vitamin E and the matching placebo

with the possible exception for the improvement of

pain - particularly as 2 patients commencing with

vitamin E had a marked improvement in pain and

stopped attending. (Evidence level 2-).

In summary, there is no evidence as to the effective-

ness of vitamin E but the drug has been widely used,

is free of side effects, and cheap (Grade C).

c) Paraaminobezoate (Potaba)

The first clinical trial of this drug was a multicentre

study with the random allocation of 60 men to recei-

ve 12 months treatment with 12 gram daily of paraa-

minobenzoate or matching placebo. A preliminary

report [56] of the outcome when 41 men had com-

pleted the study was published but a final report has

never appeared.

The results are shown in table 13 and show little

benefit for the active treatment with the possible

exception of improvement in pain (75% v 43%). The

drug was unpleasant to take with frequent side

effects (Evidence level 2).

An abstract [57] has been published of a randomised,

placebo controlled, double blind prospective multi-

centre trial of paraaminobenzoate which showed no

difference in the improvement of pain,but less wor-

sening of symptoms in the treated group. However,

only 75 of the 103 men completed the study. It would

seem that paraaminobenzoate has little benefit in the

treatment of Peyronie's disease (Grade C).
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Table 11.  Procarbazine Trial in Peyronie's Disease [53].

Single blind : Crossover : Random allocation

Treatment Commenced Completed Cured Improved No Change Worse

Procarbazine 31 22 0 2 (9%) 19 1

50mg b.d. x 3m

Vitamin E 33 31 2 10 (37%) 19 0

200mg t.d.s. x 3m

Table 12. Vitamin E Trial in Peyronie's Disease [55].

Double blind : Placebo controlled : Crossover : Random allocation Started 60     completed 40     200mg t.d.s. x 3m

Symptom Number Improved

Vitamin E Placebo

Pain 14 5* 1

Deformity 38 3 0

Erection Q. 39 0 3

Penetration 35 3 5

Coitus 35 5 3

* 2 additional patients had improvement but did not crossover



d) Tamoxifen

Tamoxifen is thought to act by inhibiting the inflam-

matory response that occurs in Peyronie's disease by

modulating the TGF-beta secretion from  fibroblasts.

In the initial report [58] of 36 men treated with 20

mg twice daily there was some improvement in 20

(55%) patients and the was no deterioration in any

man. There was a better response in the early stages

of the disease (< 4 months). A small biopsy was

taken from the tunica albuginea in 12 men and an

excellent response was observed in 6 of the 8 men in

whom an inflammatory response was observed.  No

improvement occurred in any of the 4 men in whom

no inflammatory response was seen. The authors

concluded that tamoxifen was only of benefit in early

stage disease (level 3 evidence).

A placebo controlled study [59] of tamoxifen (20 mg

twice daily) or placebo in 25 men with later stage

disease (mean duration from onset of 20 months,

range 4 - 72) showed no difference between the

tamoxifen and placebo (level 2 evidence). Table 14

gives the results of this study and shows that there is

no evidence for the benefit of tamoxifen in late stage

Peyronie's disease (Grade C).

e) Colchicine

Colchicine has anti-inflammatory activity that may

reduce collagen synthesis and stimulate collaginase

activity. In a study of 60 men, receiving 500mg three

times daily, with early disease it was found that pain

improved in 95% and the deformity was better in

30% [60] (Level 4 evidence).

f) Colchicine and Vitamin E

A recent study [61] of a combination of colchicine (2

mg) and vitamin E (600 mg) daily was compared

with the effectiveness of the anti-inflammatory anal-

gesic ibrufen (400 mg daily). The results after 6

months of treatment in the 45 men are shown in

table 15 and show benefit with regard to curvature

and plaque size for treatment with the combination.

The penile curvature was assessed by photograph

and the plaque size from ultrasound examination.

Level 2 evidence.

g) Acetyl Esters of Carnitine

Two placebo controlled randomised clinical trials

have been reported showing the benefit of these

esters. In the first study [62], 48 men with acute (15)

or early chronic (33) Peyronie's disease received

either aceyl-L carnitine (1 gm twice daily) or tamoxi-

fen (20 mg twice daily) for 3 months and the assess-

ment was made after 6 months. The results are

shown in table 16 and show that the aceyl carnitine

was superior to the tamoxifen and with fewer side

effects.
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Table 13. Paraaminobenzoate Trial in Peyronie's Disease [56].

Double blind : Placebo controlled : Random allocation Started 60     reported 41     Potaba 3G q.d.s. x 12m

Symptom Potaba Placebo

Number Improved Number Improved

Penile pain 8 6 (75%) 14 6 (43%)

Erectile curvature 20 2 (10%) 21 3 (14%)

Coitus 20 6 (30%) 21 3 (14%)

Plaque size 20 10 (50%) 21 7 (33%)

Assessment 20 9 (45%) 21 9 (43%)

Table 14. Tamoxifen Trial in Peyronie's Disease [59].

Double blind : Placebo controlled : Random allocation

13 men Tamoxifen 20mg b.d. x 3m

12 men   Placebo b.d. x 3m

Symptom Tamoxifen Placebo

Number Improved Improved

Pain 6 4 (66%) 3 (75%)

Deformity 13 6 (46%) 4 (42%)

Plaque size 13 4 (31%) 3 (25%)

Table 15 . Combination of Oral Vitamin E and Colchicine

in Peyronie's Disease [61].

Single blind : Random allocation

23 men  Vitamin E 300mg b.d.x6m+colchicine 1mg b.d.x6m

22 men   Ibuprofen 200mg b.d. x 6m

Symptom Number Improved Sig.

Combination Ibuprofen

Pain 21 (91%) 15 (68%) N.S.

Deformity 11 (48%) 4 (18%) 0.01

Plaque size before 1.43 1.23

(cm)       after 1.17 1.36 0.001



Interpretation of this study is a little difficult as the

patients catagorised as suffering with acute Peyro-

nie's disease are atypical. The duration of the disease

was a mean of 5 weeks (range 0.5 - 8) and it is excee-

dingly uncommon for there to be spontaneous pain in

the flaccid penis or “penile paraesthesia”. Further-

more the mean curvature of all patients in the study

was less than 15 degrees, remained unchanged in the

tamoxifen group, and improved by 7 degrees in the

treated group. Most patients would not normally

seek help with such symptoms nor would such a

small change be of functional benefit (Evidence level

2).

The same group conducted a further study using a

different carnitine ester - proprionyl-L carnitine [63]

as the acetyl carnitine was no longer available. In

this study, 75 men were randomly allocated to recei-

ve on a double blind basis verapamil injections into

the plaque (10 mg once weekly) and proprionyl-L

carnitine (Igm twice daily) or tamoxifen (20 mg

twice daily) for 3 months. The outcome was assessed

after 6 months in the 60 (80%) of men who comple-

ted the study (Table 17). There was an improvement

of pain in 97% of men but although there was a sta-

tistically significant improvement in in plaque size

and deformity in the treated group, this only amoun-

ted to 11.8 degrees and 7.6 mm2 (Evidence level 2)

4. INTRAPLAQUE INJECTION THERAPY

a) Steroids

Plaque injection with steroids has been used for the

past 50 years with variable results. In a study [64] of

30 men with Peyronies disease who were randomal-

ly allocated to receive intralesional betamethasone or

placebo (saline) for 24 weeks and were followed up

after 12 months. The results are shown in Table 18

and the authors conclude that the benefits were pro-

bably the result of the mechanical effect of injection

rather than of the drug itself (Level 2).

b) Collaginase

The injection of chlostridium collagenase into a

plaque was reported in 1985 and a clinical trial was

subsequently carried out in 49 men with Peyronie's

disease for 3 months [65]. They were stratified into 3

groups - essentially on the angle of erectile deformi-

ty and plaque size - and randomly received collagi-

nase or sodium chloride in a dosage that varied with

plaque size. The outcome after 3 months was asses-

sed and the results are summarised in table 19. The

authors concluded that an acceptable clinical impro-

vement occurred only in category 1 patients (that is

the deformity was < 30 degrees) and that the maxi-

mal improvement was only 15 -20 degrees. They did

not consider this to be of clinical benefit (Level 2

evidence).

c) Verapamil

Verapamil has been used in the treatment of Peyro-

nies disease since 1994 and the authors [66] have
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Table 16.  Acetyl L Carnitine in Peyronie's Disease [62].

Double blind : Random allocation

24 men     Acetyl L carnitine

24 men     Tamoxifen 200mg b.d. x 3m

Assessed 6m after treatment

Symptom Carnitine Tamoxifen

Pain improved 22 (92%) 12 (50%)

Curvature         before 15.9º 13.7º

after 8.4º 13.2º

Plaque size      before 109.8 116.5

(mm2)           after 61.0 89.6

Table 17. Proprionyl L Carnitine and intraplaque Verapa-

mil in advanced and resistant Peyronie's Disease [63].

Random allocation : Double blind of oral therapy

75 commenced  : Verapamil inj. 10mg weekly x 10

PLC 1G b.d. x 3m , Tamoxifen 20mg b.d. x 3m

60 completed and assessed 6m later

PLC + V T + V

Pain improved 29 (97%) 29 (97%)

Penile Deformity before 39.4 38.5

after 27.6 36.6

Plaque size before 31.8 33.2

(mm2) after 24.2 31.9

I.E.E.F. before 19.0 18.2

after 27.0 18.6

Table 18 . Intraplaque Betamethasone in Peyronie's

Disease [64].

Random allocation prospective

2ml betamethasone inj. (15) or isotonic saline (15)

Follow-up after 12m

Symptom Number Improved

Betamethasone    Placebo

Pain 10 (66%) 5 (53%)

Plaque volume 6 (40%) 6 (40%)

Reduction in curvature 3 (20%) 4 (26%)



reported the results of injecting 10 mg verapamil into

the plaque twice weekly for 6 weeks with an impro-

vement of curvature in 60% of patients (Evidence

level 4).

In a single blind controlled study [67], verapamil

injection or saline injection into the plaque was per-

formed weekly in a group of 18 men but 4 men drop-

ped out. A decreased plaque volume was measured in

57% of the verapamil treated men (28% in the

control group) and there was also an improvement in

deformity (Table 20). The authors concluded that

verapamil injection was a reasonable option in men

with a deformity < 30 degrees (Evidence level 2).

In an observation study [68 ] the result of verapamil

injection was compared to the outcome with verapa-

mil injection combined with electro shock wave thra-

py. The oucome is shown in table 21 and shows the

benefit of the combination therapy (evidence level

3).

The above studies suggest that there is some benefit

from verapamil injection but there is no evidence to

suggest that it is superior to other forms of treatment

for the majority of patients (Grade C).

5. OTHER NON INVASIVE THERAPIES

a) Transdermal Electromotive Therapy

“Electromotive drug administration” (EMDA) is a

method reported to give enhanced dermal passage of

a drug. The technique has been tried in Peyronie's

disease using a combination of drugs. In the first

study [69] the men received 3 applications of 20

minutes duration each week for 3 weeks of orgotein

8 mg, dexamethasone 8 mg and lidocaine 120 mg or

placebo. Those receiving placebo, then received the

combination treatment. The results (Table 22) sho-

wed a marked treatment benefit. Orgotein, which had

been used in Peyronie's disease intermittently for

many years, was withdrawn from sale and a futher

study was performed using the combination of 

dexamethasone 8 mg and verapamil 10 mg in 25 

men [69]. The same combination of drugs, but in a

different dosage has also been reported [70]. In both

studies colour Doppler studies were carried out and

the penile deformity and plaque size measured befo-

re and after treatment. The favourable outcome is

shown in table 23 and the fact that many of the men

had received previous treatment, and the well docu-

mented objective measures of outcome, means that

the technique merits further study.

b) Extracorporeal Shock Wave Therapy (ESWT)

ESWT has been used in Peyronies disease since

1989 and the results have been reviewed recently

[71]. Unfortunately the dosage and machines used

have varied although the results are usually favou-

rable (Table 24) [71-75]. There have been no

controlled trials but one case controlled study [76]

was favourable (Table 25).

c) Radiotherapy

This has been used for many years but in a retrospec-

tive study [77] it was not considered to be superior to

no treatment (Table 26). Radiotherapy should proba-

bly be avoided because of the the possible risk of

malignancy (low in the dosage involved) and increa-

sing the risk of erectile dysfunction in an aging man.

6. SUMMARY OF NON SURGICAL TREATMENT

OF PEYRONIE'S DISEASE

There is an improvement in the symptoms of many
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Table 19. Intraplaque Collagenase in Peyronie's Disease

[65].

Double blind : Random allocation prospective

49 men     Stratified by plaque size and deformity

Single injection  dose variation with symptoms 3m follow-up

Treatment Placebo

Positive response 8 (36%) 14

No response 1 (4%) 26

P<0.007

Best response with least problem - Response not clinically significant!

Table 20. Intralesional Verapamil in Peyronie's Disease

[67].

Single blind : Randomised

Verapamil (10-27mg) or saline 1 weekly x 6m

Verapamil Control

Pain 2 (100%) 2 (100%)

Curvature 2 (29%) -

Plaque size 4 (57%) 2 (29%)

Overall outcome 6 (85%) 4 (57%)

Table 21. Intralesional Verapamil and ESWL in Peyronie's

disease [68].

Retrospective

Verapamil Verapamil+

ESWL

Number treated 92 380

Number improved 44% 92%

Plaque size decreased 30% 68%

Overall improvement 52% 68%
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Table 22. Transdermal Electromotive Drug Therapy [69].

Placebo controlled : Double blind : Partial crossover

40 men     Orgotein 8mg, dexamethasone 8mg, lidocaine 120mg 20min x 3 x  weekly x 3     Assessed at 3m

Treated Placebo

Pain during flaccidity disappeared 2 -

Pain during erection disappeared 30 (100%) -

improved - 2 (12%)

Penile deformity disappeared - -

improved 20 (62%) 1 (5%)

unchanged 12 (38%) 19 (95%)

Table 23 . Outcome of Dexamethasone / Verapamil Combination by EMDA [69, 70].

Montorsi Di Stasi

J.And. 2000 B.J.U.I. 2003

Number treated 25 49

Pain during erection disappeared 16 (100%) 43 (88%)

improved - 4 (8%)

Deformity disappeared 2 (12%) 5 (10%)

improved 13 (76%) 36 (74%)

Lump disappeared 2 (12%) 4 (8%)

improved 13 (76%) 36 (74%)

Table 24. ESWL for Peyronie's.

Machine and dosage varies

Often abstracts only

Reference Patients Pain Deformity Positive

improved improved result

72 52 15 (83%) 21 (42%) 28 (54%)

73 90 32 (94%) 31 (43%) 62 (72%)

74 153 48 (96%) 102 (68%) 103 (67%)

71 54 31 (91%) 29 (54%) 33 (61%)

75 42 21 (84%) 22 (58%) 27 (64%)

Table 25. ESWT in Peyronie's: A Case Controlled Study [76].

22 men with failed oral therapy received ESWT

23 untreated men received oral placebo for 6m

ESWT Control

Before After Before After

Pain during flaccidity 3 1 2 3

Pain during erection 9 4 4 6

Pain improved (N.S.) 58% 33%

Deviation 42º 31º 46º 45º

Deviation improved > 30º 50% 21%

Plaque size mm2 183 206 244 206

Overall improvement 13 (65%) 12 (52%)



patients without treatment and it is therefore impor-

tant that all studies should include a control group

(grade D).

In those studies that have included a control group ,

the results often show no difference between the

treated and control groups, and when there is a diffe-

rence, it is often small and not clinically significant.

The absence of a best buy in treatment is evident

from the observation that members of the panel utili-

se different treatment options. The combination of

vitamin E and colchicine would appear to be a

simple, well tolerated, evidence based option.

7. SURGICAL MANAGEMENT OF PEYRONIE'S

DISEASE

a) Indications For Surgery

Many different operations have been described but

most authors are agreed as to the indications for sur-

gery (Table 27).

The quality of erection is important in the choice of

operation and may be catagorised as good, impaired

but satisfactory with a phosphodiesterase inhibitor,

or poor even with treatment. In this latter group of

men, the implantation of a penile prosthesis should

be considered as the results are excellent. In such

men, particularly in the older age group and when

there is other evidence of vascular disease, it is not

necessary to have the same time constraints.

There are few controlled studies of any surgical

treatments and this is certainly the case in Peyronie's

disease. The method of reporting varies greatly and

many authors combine the results of treatment of

Peyronie's disease with congenital curvature. We

would have liked to have limited ourselves to those

reports consisting of at least 50 men, having the

same operation for the same condition, and with a

follow up of at least a year. Few studies meet these

simple criteria and we have therefore had to be a litt-

le more flexible. The way in which the outcome is

measured is also variable and this adds to the diffi-

culties in assessment.

b) Plaque Excision and Dermal Graft

This operation was simultaneously described in

Sweden [78] and the United States [79] and in some

centres it was the standard treatment until recently.

There were no long term studies of outcome until

1995 and in a group of 418 men it was found that

17% required further surgery for cuvature and that

20% had troublesome post operative erectile dys-

function [80]. This operation may now be regarded

as outmoded.

c) Nesbit Procedure

This operation was introduced [81] for the treatment

of congenital penile curvature but was adapted for

Peyronie's disease [82]. It has given consistently

good results (Table 28) and may be regarded as the

standard operation for the condition [82-87]. It has

few complications but some surgeons feel that peni-

le shortening is a problem. This has not proved to be

the case in most series but in this respect, as in most

surgery, patient expectation is the key to a happy out-

come. An explanation that the disease process and

scarring have shortened the penis and that the tuck

will be taken from the opposite side to straighten the

penis is essential.

It is perhaps useful to concentrate on the poor results

which may range from 4 - 26% (Table 28) and a

review of poor results [88]. Erectile dysfunction

immediately after a Nesbit procedure is uncommon

and usually improves. This is because the erectile tis-

sue is not disturbed. Poor preoperative erectile dys-

function may improve when it is due to anxiety but
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Table 26. Radiotherapy in Peyronie's Disease [77].

Retrospective study

177 men, 140 followed up, 90 analysed

Radiotherapy dose and administration varied

No 1 2

Treatment TreatmentTreatments

Number 26 22 19

Pain gone 9 (82%) 10 (70%) 7 (100%)

improved 2 (18%) 3 (30%) -

Curve gone 3 (19%) 4 (8%) 1 (6%)

improved 9 (39%) 7 (32%) 6 (33%)

Plaque gone 10 (39%) 7 (32%) 6 (33%)

improved 5 (19%) 5 (23%) 2 (11%)

Furlow 1975  J.Urol. 114:69-71

Table 27. Peyronie's Disease.

Indications for Surgery

• Disease present for at least 12m

stable for at least 3m

(preferably 6m)

• Deformity makes intercourse difficult

• Satisfactory quality of erection is important to decide

type of operation

? reconstruction

? Prosthesis

•  Patient expectation should be considered and informed

consent is necessary



pharmacotesting/colour Doppler examination should

diagnose any underlying vasculogenic deficit. Such

patients are better treated by the implantation of a

penile prosthesis. It should be noted that there is an

increasing incidence of erectile dysfunction with

time after operation due to the underlying vascular

problems.

Shortening of the penis of more than 2cm was repor-

ted in 4.7% of 359 men in one series [85] and of

more than 1.5cm in 14% of men in another series

[87]. It should be noted that intercourse was reported

to be impossible in only 6 of these 39 men. Severe

shortening does occur in some men and may be the

result of scarring from infection or from a failure to

reattach the subcutaneous tissue distally.

An immediate recurrence of the deformity after a

Nesbit procedure is usually due to the sutures cutting

out. Recurrence after 2 -3 months is the result of

suture failure whereas recuurence after one year is

usually due to progression of the disease [88].

Recurrent deformity after a Nesbit procedure occur-

red in 1.3 - 10.6% of men depending upon definition

used and the length of follow up.

d) Plication Techniques

Nesbit [81] also reported the technique of penile pli-

cation for congenital erectile deformities and two

new plication techniques were described in1985 [89-

90]. The operation is simpler and there have been

subsequent reports (Table 29) although many of

these  are of small mixed series of both congenital

and acquired curvatures [91-96]. In general terms the

outcome is inferior to the standard Nesbit technique

and some authors have abandonned plication for the

standard Nesbit procedure.

e) Corporoplasty

This technique was described by Lemberger [97] in

1984. Instead of excising an ellipse of tunica, he

made a longitudinal incision in the tunica and sutu-

red it up transversely to shorten the longer side. This

technique has more recently been popularised by

Yahia [98] and the overall results are satisfactory. In

a study of 30 patients in each group having a Nesbit

operation, a Lemberger/Yahia procedure or a modifi-

cation of it, the authors [99] preferred their own

modification although there was little to choose bet-

ween them.
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Table 28. Nesbit Excision Procedure for Peyronie's Disease.

Reference Number F.Up(m) Excellent/ Poor Recurrent Post-op

Satisfactory Bend E.D.

83* 78 50 (6-132) 62 (79%) 16 (21%) 4% 18%

84 78 18(3-48) 62 (79%) 2 (4%) 4% 23%

85   A 174 138 (74%) 46 (26%) 25%

47 21 (2-108) 38 (11%)

85   B 185 167 (90%) 18 (10%) 3%

86   C 53 (77%) (23%) 7%

86   D 65 (94%) (5%)

87 157 72 (16-156) 88%

* Includes 12 congenital

A 1977-1984     B 1985-1992     C Preop erectile dys.     D Normal preop erectile function

Table 29. Plication Operations for Peyronie's Disease.

Reference Number Follow-up Satisfactory Recurrent bend

91* 33 42m 64% 5%

92 51 20m 82% 5%

93 54 36m 89% 10%

94* 31 58% 47%

95 116 6m 93% 15%

96 41 48m 52%

* Same centre



f) Plaque Incision And Grafting

This technique was introduced in 1991 using a tem-

poralis fascial graft [100]. Lue [101] suggested the

use of the dorsal penile vein or a segment of the long

saphenous vein and this form of grafting would seem

to give the best results (Table 30) [102-106]. Howe-

ver the technique fails to lengthen the penis in many

men and has the drawback of being associated with

an appreciable incidence of post operative erectile

dysfunction. It should be noted that in many of the

of incision and grafting operations it was often

necessary to perform an additional plicating proce-

dure. It would seem advisable to limit this operation

to a highly selected group of men with marked fore-

shortening of the penis, obesity and with good erec-

tile function.

Various other grafts have been used [107-110] but

the numbers are generally small, the follow up short,

and the outcome generally satisfactory.

g) Penile Prosthesis

This has already been mentioned and is covered by

committee 13. This is a reliable option for the older

man with vascular impairement, erectile dysfunction

and an erectile deformity.

8. SUMMARY

The management of Peyronie's disease is summari-

sed in figure 4. The man with this benign condition

often requires reassurance and no active treatment.

The natural history is one of improvement in many

men and this is fortunate as ther is no good evidence

for any effective conservative treatment. In those

men with an impaired erection due to a vascular

defect , the implantation of a penile prosthesis gives

good results. The Nesbit technique would seem to

give better results than plication, and it is too early to

make a final decision with regard to the plaque inci-

sion and grafting procedures.

1. CONGENITAL PROBLEMS OF THE PENIS

CAUSING ERECTILE DYSFUNCTION

a) Classification

1. Epispadias

2. Hypospadias

3. Chordee without hypospadias

4. Curvature without chordee, “congenital short ure-

thra” when a ventral deformity.

5. Suspensory ligament dysfunction (non erecting

penis)

Epispadias and hypospadias are easily recognised

congenital abnormalities that are usually corrected in

childhood. It is necessary to consider the condition

of the neourethra before treating any residual defor-

III. RECONSTRUCTIVE SURGERY
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Table 30 . Plaque Incision and Vein Graft.

Reference Number Satisfied Penis Decreased Penile

straight potency shortening

102 113 92% 96% 12% 17%

103 20 100% 75% 5%

104 50 88% 80% 6% 40%

105 58 86% 7% 22%

106 51 92% 82% 8% 35%

REASSURANCE

Normal Erectile Impaired Erectile

Function Function

Conservative Therapy/Observation (1 year)

Treatment ED

(Vitamin E/colchicines ?)

Severe ED

Surgery, if necessary, to correct deformity

Nesbit Excision Penile Prosthesis

(Plaque incision/vein graft)

(selective abnormalities)

Figure 4 : Peyronie's Disease Management.



mity that interferes with sexual function. When the

urinary tract functioin is satisfactory, it is reasonable

to treat any deformity with a Nesbit procedure.

In men with chordee without hypospadias the corpus

spongiosus is deficient and the skin is adherent to the

urethral mucosa. Attempts to separate the two layers

usually results in a fistula and fails to correct the

erectile deformity. The Nesbit excisional procedure

is recommended as it is for the curvature without

chordee. This condition is due to disproprtion in the

shape of the cavernous bodies and tunica albuginea.

Penile shortening is not a problem in these men as

penile length tends to be long.

It should be noted that these men are young and

sexually inexperienced. Many of them are afraid to

become involved with a partner because of embar-

rassment, and occasionally they are teased because

of the bend. It is often advisable to correct minor cur-

vatures even though older men with an acquired

deformity could easily manage without surgery.

The results of surgical correction by plication (Table

31) and the Nesbit technique (Table 32) tend to be

better than those for Peyronie's disease and show an

advantage for the Nesbit operation. [111-118].

Suspensory ligament problems are easy to diagnose

once the condition is considered. The penis, often

long and sometimes with a congenital erectile curva-

ture, engorges but fails to assume the normal erect

position - hence the term of non erecting penis used

by Yachia. Clinical examination reveals the gap bet-

ween the symphysis pubis and the erectile tissue and

the problem may be rectified by placing non absor-

bable sutures between the symphysis and the tunica

albuginea [119].

2. HIDDEN PENIS

a) Classification

1. Concealed penis : In this condition the penis is

essentially normal but is hidden in the underlying

abdominal fat. The penis may be exposed by pres-

sing back on the surrounding skin. No specific

treatment is usually necessary for this condition as

the corporal bodies are normal and sexual function

is not disturbed.

2. Congenital hidden penis : In this rare congenital

abnormality there are dense dysgenetic fascial

bands that tether the penis and retract it backwards.

It is also associated with an abnormally large

suprapubic fat pad.

3. Acquired hidden penis : This is usually the result

of the inadvertent removal of too much penile shaft

skin during circumcision.

b) Surgical Management [120-122]

This may be necessary in the partially or completely

hidden penis for both psychological and phyaical

reasons. Inability to urinate whilst standing due to

spraying, chronic bathing of the skin during micturi-

tion may cause balanitis xerotica obliterans, or there

may be an interference with sexual fuction.

A wide range of surgical techniques are available and

the surgeon should have the ability to perform them

all as the precise technique required in any man may

not be clear until the defect is exposed. Circumcision

often makes the situation worse.

3. PENILE ENLARGEMENT

There was a remarkable uniformity of opinion

amongst the committee on this contentious topic.

Men with a true micropenis - stretched penile length

of less than 9.5 cm - adapt surprisingly well to the

problem [123] although vaginal penetration is rarely

possible with a length of less than 7 cm. In these cir-

cumstances a penile lengthening procedure [124] is
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Table 31. Plication Correction of Congenital Curvature of

Erection.

Reference Number Straight Recurrent

deformity

112 39 95% 5%

111 140 94% 4%

92 48 81% 5%

113 30 77% 23%

114 40 77% 23%

Table 32. Correction of Congenital Erectile Curvature.

Nesbit Corporoplasty

Reference Number Straight Recurrent

deformity

116 100 96% 4%

84* 95 91% 9%

86 110 99% 5%

117 55 95% 9%

50 96% 4%

118 106 96% 4%

* Only 22% of 23 patients had good result with plication



indicated although it is recognised that the length of

the erectile tissue remains unchanged. Division of

the suspensory ligtament and separation of the crura

from the symphysis allows the penis to hang lower

with an apparent increase in the length of the penile

shaft. This gain of 1-3 cm may be enough to give

vaginal penetration.

Most men presenting for penile lengthenning proce-

dures have a normal sized penis [125-126] although

it may appear small in the flaccid state. This may

give rise to anxiety, or it may cause more severe dis-

tress, and in rare instances be sufficient to cause sui-

cide. No patient seeking enlargement of a normal

penis should be operated upon without a psychiatric

assessment. The committee felt that most patients,

when properly informed for consent, declined to pro-

ceed with operation and those who chose to proceed

required psychiatric advice. Unlike in many other

forms of cosmetic surgery, penile lengthenning does

not increase the overall length of the erectile tissue.

The men usually have poor self esteem and feelings

of sexual inadequacy. Many of those who proceed to

surgery are still unhappy - either their feelings per-

sist, their goal is not achieved, or the normal penis

has become abnormal as a result of post operative

complications [127].

Penile lengthenning techniques are based upon divi-

sion of the suspensoy ligament and mobilisation of

the crura [124, 128, 129]. Post operative fibrosis

often mitigates against any increase in length and

additional techniques have been introduced to try

and prevent this. Penile stretching is popular and

may be of benefit without the need for surgery.

Girth enhancement procedures using fat injection,

dermal fat grafts, alloderm implantation or incision

of the tunica albuginea with grafting have all been

tried with generally disappointing results.

In brief, those men with a normal penis who are

eager to undergo surgery to improve their perception

of their penile appearance are rarely satisfied and not

infrequently litigious. 

4. PENILE INJURIES

The unique anatomy of the penis often dictates the

management. Simple injuries are straightforward but

those injuries involving the urinary tract require tem-

porary urinary diversion. The risk of a rapidly sprea-

ding infection is ever present .

Nonpenetrating injuries to the penis requiring surgi-

cal intervention are usually true or subclinical frac-

tures of the penis. The term subclinical fracture of

the penis implies a fracture of one or more of the

layers of the corpora cavernosa, but without the

usual symptoms of a true fracture of the penis, those

being a buckling injury with immediate detumescen-

ce and hematoma. The older  literature favoured the

conservative management of penile fractures but

nowadays early intervention and closure of the

defect in the tunica albuginea is recommended,

except in men presenting late. The urethra is at risk

for injury with a fracture of the penis and must be

evaluated. A recent study of fracture of the penis

patients has shown that if the patient has voided

asymptomatically and his urine is clear both grossly

and microscopically, that a retrograde urethrogram is

not required.  The use of cavernosograms for the dia-

gnosis of fracture of the penis remains controversial

but is probably useful. 

Penetrating injuries of the penis often involve the

urethra ; and when they do, are termed complex inju-

ry of the penis. Simple injuries to the penis are defi-

ned as those injury that do not involve either the cor-

pora cavernosa, corpus spongiosum, or the urethra.

The management of penetrating injuries of the penis

depends on the ballistic properties of the missile, if a

gunshot wound is involved with the injury (shotgun

injuries behave as  high velocity when close to the

gun, and low velocity when shot at a distance). Lace-

ration injuries of the penis are best managed with

immediate repair. Bullet wounds from relatively low

velocity firearms can be managed with immediate

reconstruction. Bullet injuries from high velocity

firearms are often best managed in delayed fashion,

as the blast effect renders viability of the tissues

unreliable.

Penile amputation, there is agreement in the litera-

ture that microreplantation is the state of the art

management. Microreplantation involves reanasto-

mosis of the dorsal arteries and dorsal vein, with

coaptation of the dorsal nerves. The erectile bodies

are repaired in anatomic fashion. The urethra should

be repaired with a spatulated two-layer anastomosis.

The patient should be diverted with a suprapubic

tube and a small urethral stenting catheter is also

suggested.

There will be some cases where microreplantation

cannot be accomplished, either because of lack of

expertise, or because of the general condition of the

patient. In those cases a macroreplantation technique

may be used with an anatomic closure of all struc-

tures, a dorsal vein can be reanastomosed , but with

no attempt to reanastomosis of the dorsal arteries or
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coaptation of the dorsal nerves. The skin should be

debrided and discarded in late presenting injuries and

the penis is placed in a scrotal pouch and may be

liberated in delayed fashion.

Avulsion injuries of the penis rarely involve the deep

structures. The skin is avulsed in the layer between

the superficial lamina of Buck's fascia and the deep

lamina of the dartos fascia. That said, these injuries

are very effectively managed with primary graft

techniques. If there is avulsion injury of the deep

structures, then replantation is very difficult because

of the tissue damage involved with the avulsion.

These cases must be managed in individual fashion

with no blanket recommendations possible. While

not classically trauma, necrotizing fasciitis involving

the penis rarely penetrates to the layers deep to

Buck's fascia. The debridement is usually adequate

with the skin and dartos fascia removed. As the

wounds clean, primary grafting of the penis is usual-

ly possible with very acceptable functional and cos-

metic results. It is controversial as to whether mesh

graft or sheet grafts are optimal.

5. LYMPHOEDEMA

a) Classification

Primary

1. Congenital (Milroy's disease) and would be expec-

ted to be part of the constellation of lower body

lymphoedema ;

2. Lymphoedema precox (presenting at puberty) ;

3. Lymphoedema tarda (presenting later onset).

Secondary (acquired)

The congenital varieties of lymphoedema are fami-

lial with an autosomal dominant transmission. Pri-

mary lymphoedema is associated with hypoplasia or

aplasia of the lymphatics and in many cases, only the

lower extremities are involved with genital skin spa-

ring. Secondary causes are frequently associated

with radiotherapy. Rare causes are filiariasis, tuber-

culosis, hydradenitis supurativa, verrucus lympohe-

dema, and as a consequence of sarcoidosis.

Much has been written  regarding the management of

lymphoedema but there is no overwhelming agree-

ment on the best management. With regards to peni-

le lymphoedema, it is generally agreed, that the use

of local flaps or of thinned penile skin flaps yield

unacceptable results with unacceptable recurrence

rates. Thus most series have resorted to complete

excision of the lymphoedematous skin and subcuti-

cular tissues, and grafting with a  split-thickness skin

graft, either sheet or mesh, directly applied to the

Buck's fascia. There is not agreement as to whether

the suture line should be dorsal , ventral or with a Z-

plasty closure of the ventral graft suture line.

There is even less agreement about the management

of scrotal lymphoedema.  Many series emphasize the

relative sparing of the dorsal wall of the scrotum and

advocate complete excision of the lymphoedematous

anterior wall and complete excision of the lymphoe-

dematous subcutaneous tissues down to the level of

the external spermatic fascia, with scrotal recons-

truction using the uninvolved posterior scrotal skin if

possible. Genital lymphoedema is often associated

with a hydrocele and a complete excision of the

parietal tunica vaginalis with orchidopexy advocated

by most authors. In many cases the posterior scrotal

wall is involved, and in these the best management is

split-thickness skin grafting, again either as a sheet

or mesh graft to cover the defect.

6. PHALLIC CONSTRUCTION

Modern day phallic construction was first accompli-

shed in Russia by Borgoras [130]. Gillies [131] went

to Russia to learn the technique, brought it back to

England, and  accumulated a large series associated

with the war injured. The technique has been popu-

larly referred to as the abdominal tube within a tube

technique. The technique suffers from the fact that in

days prior to epilation, the urethra  was hair bearing,

often plaguing the patient with infections. The

method creates two tubes from abdominal wall skin

which are then transferred to the area of the penis by

classic delay techniques.

A variety of other flaps have been described but the

state of the art was revolutionized by the description

of the radial forearm flap for phallic construction

[132]. The medial location of the urethral paddle

caused problems and was modified to centralise the

urethral paddle over the vessel, ostensibly making

that paddle more reliable, and diminishing urethral

complications [133].

The team at the Eastern Virginia Medical School

[134] has used a Biemer modified forearm flap, with

a Puckett extension, using the ulnar vessels. Fifty-

one of 113 patients preceded the switch to the ulnar

forearm flap, while 62 were based on the ulnar

forearm fascia with the modified Biemer design.

Analysis of the results showed no overall difference

in successful flap construction, with a 94% success

rate. There was however a significant reduction in
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urethral complications with the ulnar based modified

Biemer design. This was primarily due to a reduction

in the rate of urethrocutaneous fistula from 23% to

11% (p=0.05). The incidence of urethral strictures

was unaffected by these modifications (18% and

22% ; p=0.64). Moreover, flap sensibility was achie-

ved in 90% of all patients achieved by coapting the

lateral and medial antebrachial cutaneous nerves of

the flap to the recipient dorsal genital nerves or

ilioinguinal nerves. Prosthetic implantation is gene-

rally required for sexual activity [135].

1. PRIAPISM

A persistent unwanted erection that is not associated

with sexual sexual desire or sexual stimulation. Its

management is summarised in table 9 and figure 4.

2. RECOMMENDATION 1

A low flow ischaemic priapism requires urgent treat-

ment in order to prevent muscle necrosis. Haemato-

logical management should not delay treatment of

this condition which may be regarded as a compart-

ment syndrome. First aid measures may be carried

out whilst awaiting the start of definitive treatment.

Terbutaline was of some benefit in pharmacological-

ly induced priapism (grade C).

3. RECOMMENDATION 2

The aspiration of cavernous blood through a 19G

butterfly needle confirms the diagnosis of a low flow

ischaemic priapism, relieves pain, and reduces intra-

cavernous pressure to permit reoxygenation of the

cavernous muscle. If the priapism does not resolve

after 10 minutes of detumescence, an alpha adreno-

receptor agonist should be injected. This should be

repeated and detumesence maintained for 1 hour

before proceeding to surgery. (Grade D)

4. RECOMMENDATION 3

A cavernous muscle biopsy should be taken at the

time of shunt surgery in order to better document the

onset of irreversible musle damage and future severe

erectile dysfunction (Grade D).

5. RECOMMENDATION 4

In men with the late presentation of a low flow

ischaemic priapism - perhaps more than 72 hours -

consideration should be given to the implantation of

a penile prosthesis (Grade D).

6. RECOMMENDATION 5

A high flow non-ischaemic priapism has a good pro-

gnosis and may resolve spontaneously. Expectant

obsevation is a reasonable option before definitive

treatment by embolisation with autologous clot.

(Grade D)

7. RECOMMENDATION 6

Recurrent or stuttering priapism is not confined to

men with sickle cell disease , may be ischaemic or

non ischaemic -even at different times in the same

patient. It may be controlled by first aid measures but

this is often unsuccessful and anti-androgen therapy

has proved useful although long term use in young

men will cause hypogonadism and infertility. Further

research is required in this condition (Grade D).

8. PEYRONIE'S DISEASE

An acquired disorder of the tunica albuginea charac-

terised by the formation of a plaque of fibrous tissue

and often accompanied by penile pain and deformity

on erection.

9. RECOMMENDATION 7

The management of Peyronie's disease often

requires no more than reassurance of the patient.

Many treatments have been decribed but only 11

prospective controlled trials have been carried out

and 7 of these showed little benefit from treatment,

in 2 the drugs used are no longer available. A combi-

nation of vitamin E and colchicines was the simplest

but there is clearly a need for further research to find

effective treatment for this common condition

(Grade D).

10. RECOMMENDATION 8

Surgical correction of the penile deformity in Pey-

ronie's disease should not be corrected until at least

12 months after the onset and after the symptoms

have been stable for 3, and preferably, 6 months. The

deformity should make intercourse difficult and the

quality of erection should be adequate. It is essential

for the man to have a correct expectation of the out-

come and give a proper informed consent (Grade D).

11. RECOMMENDATION 9

The Nesbit excision technique has given the best

IV. SUMMARY AND

RECOMMANDATIONS
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results and is the method of choice for most men as

there have been more failures with the plication ope-

rations. Plaque incision and vein grafting gives

good staightenning but with an increased risk of

postoperative erectile dysfuction and should only be

used in selected patients. It is too soon to comment

on vein substitutes (Grade C).

12. RECOMMENDATION 10

Outcome reports of surgical procedures should

contain an adequate number of patients (50), having

the same operation, and followed up for at least 1

year (Grade D).

13. RECOMMENDATION 11

A penile prosthesis is a good option for men with

severe erectile dysfunction that does not improve

sufficiently with other forms of treatment. It is not

necessary to wait for the disease to stabilise in these

men (Grade C).

14. RECOMMENDATION 12

Men with a congenital erectile deformity of erection

associated with chordee without hypospadias, or

without chordee (sometimes called congenital shot

urethra when the curvature is ventral) should have a

Nesbit excisional procedure to correct the deformity.

This gives a better outcome than plication (Grade C).

15. RECOMMENDATION 13

Men seeking elongation of the normal sized penis

have a dysmorphophobic condition and require psy-

chological advice. Penile stretching may be useful

and most men will not wish to proceed to surgery

when properly informed of the likely outcome and

risks of complications (Grade D).
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Ejaculatory dysfunction or male orgasmic disorder

(MOD) is one of the most common male sexual

disorders. The spectrum of MOD extends from early

ejaculation, through delayed ejaculation to a comple-

te inability to ejaculate, anejaculation, and includes

retrograde ejaculation. The sexual response cycle

can usefully be conceptualized as having four inter-

active, non-linear stages: desire, arousal, orgasm,

and resolution. The sexual dysfunctions are disrup-

tions of any of these phases [1]. The fourth stage of

orgasm is usually coincident with ejaculation, but

represents a distinct cortical event, experienced phe-

nomena logically both cognitively and emotionally.

This four-stage model is consistent with the overall

paradigm shift within urology, where both organic

and psychogenic factors are recognized and integra-

ted into our understanding of sexual function and

dysfunction. Conceptualizing four stages provides a

better heuristic platform for understanding ejaculato-

ry dysfunctions as secondary to disruptions of any

stage in the ejaculatory process, leading to appro-

priate and specific treatments [2].

THE EJACULATORY RESPONSE

Orgasm and ejaculation constitute the final phase of

the sexual response cycle. Ejaculation is a reflex

comprising sensory receptors and areas, afferent

pathways, cerebral sensory areas, cerebral motor

centres, spinal motor centres and efferent pathways.

The ejaculatory reflex is predominantly controlled

by a complex interplay between central serotonergic

and dopaminergic neurons with secondary involve-

ment of cholinergic, adrenergic, oxytocinergic and

GABAergic neurons.

There are 3 basic mechanisms involved in normal

ante-grade ejaculation - emission, ejection and

orgasm (Table 1) [3]. Ejaculatory dysfunction can

result from disruption at any point in this cascade of

events. Emission is the result of a sympathetic spinal

cord reflex initiated by genital and/or cerebral erotic

stimuli. Emission involves the sequential contraction

of accessory sexual organs and the sensation of emis-

sion is due to distension of the posterior urethra.

There is considerable voluntary control of emission.

As the sensation of ejaculatory inevitability

increases, voluntary control progressively decreases

until a point at which ejaculation cannot be stopped

is reached. Ejection also involves a sympathetic spi-

nal cord reflex upon which there is limited voluntary

control. Ejection involves bladder neck closure to

prevent retrograde flow, rhythmic contractions of

bulbocavernous, bulbospongiosus and other pelvic

floor muscles, and relaxation of the external urinary

sphincter. Intermittent contraction of the urethral

sphincter prevents retrograde flow into the proximal

urethra [4]. Orgasm is the result of cerebral proces-

sing of pudendal nerve sensory stimuli resulting

from increased pressure in the posterior urethra, sen-

sory stimuli arising from the veramontanum and

contraction of the urethral bulb and accessory sexual

organs.

The ejaculate can be divided into several fractions by

serial biochemical analysis [5]. It comprises secre-

tions from the seminal vesicles, prostate and bulbou-

rethral (Cowper’s) glands, and spermatozoa. It is

produced when the combining the secretions of the

prostate and the contents of the ampullary parts of
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the vasa deferentia, are washed out by fluid from the

seminal vesicles and expelled from the urethra [6].

The spermatozoa are stored in the tails of the epidi-

dymides and the vas deferens ampullae. Approxima-

tely 50 - 80% of the entire ejaculatory volume is

contributed by the seminal vesicles, 15-30% by the

prostate gland and a small contribution is derived

from the bulbo-urethral (Cowper’s) glands which is

rich in enzymes and plasminogen activator [7]. Sper-

matozoa normally constitute less than 0.1 % of the

ejaculatory volume. The first fraction of the ejacula-

te contains the maximum number of spermatozoa,

and subsequent fractions contain sequentially less.

Acid phosphatase, citric acid and zinc, emanating

from the prostate, are also in highest concentration in

the initial fractions of the ejaculate. Subsequent frac-

tions contain fructose from the seminal vesicles,

which increases in concentration towards the end of

the ejaculatory process. The pH of the ejaculate

increases in successive fractions as the acid compo-

nent provided by the prostate is serially mixed with

the more alkaline contribution of the fructose rich

fluid from the seminal vesicles.

The ejaculatory reflex comprises sensory receptors

and areas, afferent pathways, cerebral sensory areas,

cerebral motor centres, spinal motor centres and effe-

rent pathways (Figure 1) [8].

1. SENSORY RECEPTORS AND AREAS

The mucosa of the glans penis contains specialised

sensory receptors, Krause-Finger corpuscles. They

discharge along afferent nerves to the spinal cord and

brain when repetitive and cumulative stimulation

applied to the glans penis exceeds the excitation thre-

shold. Sensory information from the penile shaft,

perineum, testes and from variable extra-genital ero-

genic organs e.g. nipples, anal sphincter, modulates,

usually enhancing, afferent information from the

Krause-Finger corpuscles.

2. AFFERENT PATHWAYS

Sensory information from the glans penis travels in

afferent pathways to the spinal cord. Sensory fibres

of the pudendal nerve, contained within the dorsal

nerve of penis extend to the S4 level and autonomic

fibres within the hypogastric plexus transmit infor-

mation to the sympathetic ganglia located along the

spinal cord. 

3. CEREBRAL CONTROL OF EJACULATION AND

ORGASM

Seminal emission and ejaculation are controlled by

the paraventricular nucleus of the anterior hypothala-

mus (PVN) and the medial preoptic area (MPOA)

(Figure 2) [9]. The medial pre-optic area (MPOA) is

located rostral to the anterior hypothalamus and

appears to have a pivotal role in augmenting copula-

tory behaviour. Electrical stimulation of the MPOA

can elicit seminal emission or ejaculation in mon-

keys and rats [10, 11]. Electrical stimulation of the

MPOA, also elicits the urethrogenital reflex in rats,

which may mimic orgasm in humans [12]. This

occurs in the absence of genital stimulation. This

reflex is usually elicited in anesthetized, spinally

transected rats by distending the urethra with saline

and then suddenly releasing the pressure. This results

in rhythmic firing of the hypogastric, pelvic, and

motor pudendal nerves and rhythmic contractions of

the perineal muscles, similar to those seen during

orgasm in humans.

I. NERVOUS CONTROL OF

EJACULATION AND ORGASM
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Table 1. The three stages of normal antegrade ejaculation

Emission

Sympathetic spinal cord reflex (T10–L2)

Genital and/or cerebral erotic stimuli with considerable

voluntary control

Peristaltic contraction of epididymis and vas deferens

Contraction of seminal vesicles and prostate

Expulsion of spermatozoa/seminal/prostatic fluid into poste-

rior urethra

Ejaculatory inevitability sensation resulting from distension

of posterior urethra

Ejection

Parasympathetic spinal cord reflex (S2–S4)

Limited voluntary control

Rhythmic contractions of bulbocavernous/pelvic floor

muscles

Bladder neck closure

Relaxation of external urinary sphincter

Orgasm

Build-up and release of pressure in posterior urethra

Smooth muscle contraction of accessory sexual organs and

urethral bulb

Sensation due cerebral processing of pudendal nerve sensory

stimuli
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Figure 1 : Nerves involved with emission and ejection. Sympathetic nerves from T10-L2 innervate the vas deferens, prostate

and bladder neck, and contraction results in emission and bladder neck closure u. Somatic nerve fibers in the pudendal nerve

arise from S2-S4 and innervate the pelvic floor musculature,  the contraction of which causes forceful ejection. v

Figure 2 : The ejaculatory reflex comprises sensory receptors and areas, afferent pathways, cerebral sensory areas, cerebral

motor centres, spinal motor centres and efferent pathways



Microinjection of moderate doses of a mixed D1/D2

dopamine agonist (apomorphine) or of a pure D1

agonist (thienopyridene), into the MPOA, promotes

erections and copulation of male rats, apparently by

increasing parasympathetic tone [13,14]. Higher

doses of a mixed D1/D2 agonist, or of a selective D2

agonist, favour seminal emission and ejaculation

[12]. Reduced libido during the ejaculatory refracto-

ry period may result from decreased dopamine relea-

se in the nucleus accumbens, a major terminal of the

mesolimbic dopamine tract [15]. Dopamine is relea-

sed in the MPOA of male rats in the presence of an

estrous female, and increases more during copulation

[16]. The levels of extracellular dopamine in the

MPOA may regulate the phases of copulation, with

high levels triggering ejaculation.

In a series of elegant rat experiments involving selec-

tive pharmacologic and/or radiofrequency lesions,

Liu et al. demonstrated that the parvocellular neu-

rons of the hypothalamic paraventricular nucleus

(PVN) mediates erectile function in rats, whereas the

magnocellular PVN neurons mediate ejaculation

[17]. Oxytocinergic PVN neurons possibly modulate

the male sexual response as evidenced by increased

cerebrospinal fluid concentrations of oxytocin after

ejaculation, augmented male sexual behaviour follo-

wing intraventricular administration of oxytocin and

decreased seminal emission in rats with lesions of

the parvocellular PVN neurons [18].

The MPOA is also of importance to the cholinergic

influence on sexual behaviour. Injections of the cho-

linergic agonists oxotremorine and carbachol cause a

stimulation of sexual behaviour in male rats seen as

a reduced number of intromissions preceding ejacu-

lation, whereas injection of scopolamine reduces the

number of animals intromitting and ejaculating [19]. 

The paragigantocellular (nPGi) reticular nucleus in

the ventral medulla is a supraspinal locus of descen-

ding inhibitory influence on spinal nuclei mediating

ejaculatory reflexes in the male rat [20]. Approxima-

tely 78% of the descending neurons from nPGi are

serotonergic [21]. Lesions of the nPGi facilitate both

the elicitation of the urethrogenital reflex and reflexi-

ve penile erections [22]. Selective serotonin neuro-

toxin lesions of the nPGi or transection of the spinal

cord released the urethrogenital reflex from this tonic

inhibition allowing the reflex to be elicited by ure-

thral distension. However, stimulation of the MPOA

can elicit the reflex, even if the nPGi and spinal cord

are intact, suggesting that the MPOA may inhibit the

nPGi, as well as stimulating an excitatory site.

4. SPINAL MOTOR CENTERS

A spinal centre, located at the Th12-L1-L2 spinal

level, is controlled by the sympathetic nervous sys-

tem and is responsible for emission. A second centre,

is located at the S2-S4 level, is controlled by the

somatic nervous system and is responsible for expul-

sion. 

5. EFFERENT PATHWAYS

Emission is controlled by the sympathetic nervous

system. The cell bodies of the sympathetic neurons

are located in the lateral columns of the gray matter

in the thoracolumbar segments of the spinal cord.

Efferent sympathetic nerves emerge from the ventral

roots of the spinal column at Th12-L2 to reach the

sympathetic chains bilaterally (Figure 3). 

The nerves proceed via the thoracic sympathetic

chain to the caudal (inferior) enteric plexus, the

major/minor splanchnic nerves, the celiac/cranial

mesenteric plexuses, and the intermesenteric nerves.

Descending nerves from these ganglia encircle the

aorta on each side before joining in the midline to

form the hypogastric plexus just below the bifurca-

tion of the aorta. The nerves proceed via the lumbar

sympathetic chain and the lumbar splanchnic nerves

to the caudal mesenteric plexus. The intermesenteric

nerves and all lumbar splanchnic nerves merge into

the inferior mesenteric and superior hypogastric

plexuses. The former plexus mainly innervates the

colon via the colonic nerve and from the latter arise

paired hypogastric nerves.  The junction of the hypo-

gastric nerve and the pelvic nerve constitutes the pel-

vic plexus in the pelvis, which is an integration of

sympathetic and parasympathetic nervous systems.

The branches from this plexus innervate the epididy-

mis, vas deferens, seminal vesicle, prostate, bladder

neck and urethra (Figure 4) [23]. 

Norepinephrine is released from the axon terminal of

the postganglionic neurons of the seminal tract in

response to sympathetic signals passing through the

hypogastric nerves. Norepinephrine activates smoo-

th muscle 1-adrenergic receptors causing a rise in

intracellular calcium, actin-myosin interaction, vas

deferens smooth muscle contraction, a marked ele-

vation of intraluminal pressure in the cauda epididy-

mis/ proximal vas, and propulsion of spermatozoa

out to the ampulla. This ampullary wall distension

and nerve signals trigger contraction of the ampulla

to emit the content into the posterior urethra. Many

substances including acetylcholine and neuropepti-

de-Y might modulate neurotransmitter release and/or
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the resting tone of the smooth muscle of the vas defe-

rens. Both nerve signal and distention of the wall of

the ampulla might trigger contraction of the ampulla

to emit the content into the posterior urethra. 

Retrograde axonal tracing methods demonstrate that

the majority of post-ganglionic neurons distributed

in the vas deferens originate from the pelvic plexus

[24]. The pelvic plexus receives neural input from

both the hypogastric and pelvic nerves. Electrical sti-

mulation of the hypogastric nerve elicited contrac-

tion of the vas deferens, while stimulation of the pel-

vic nerve caused no detectable motor responses [25-

27]. Histochemical studies of the vas deferens have

also shown that the adrenergic fibers mainly inner-

vate the smooth muscle layers, whereas cholinergic

fibers chiefly innervate the subepithelial layer [3].

Almost all the lumbar splanchnic nerves originate

from L2 and/or L3 lumbar sympathetic ganglia (cor-

responding to L1-2 spinal levels) [23]. Preservation

of the L2 and/or L3 lumbar splanchnic nerve in retro-

peritoneal lymph node dissection of testicular cancer

allows preservation of ejaculatory function [28]. Par-

tial interruption of the pathway from the spinal cord

to the seminal tract would be expected to cause

insufficient closure of bladder neck and retrograde

ejaculation. Complete interruption of the pathway is

likely to cause failure of emission.

The anatomical architecture of the peripheral sympa-

thetic nervous system suggests probable cross-inner-

vation and has been confirmed in the dog and rat

[29]. Some signals in the lumbar splanchnic nerve

cross to the other side of the body at the level of the

caudal mesenteric plexus and/or the pelvic plexus.

Preganglionic axons in the hypogastric nerve proba-

bly provide a bilateral innervation to postganglionic

neurons in the pelvic plexuses, which also exhibit

crossing to the bilateral vasa deferentia [29]. 

The pudendal nerve arises from the S2-4 segments of

the sacral spinal cord and does not enter the pelvic

plexus, but exits the pelvis through the greater scia-

tic foramen, re-enters it through the lesser sciatic

foramen, and innervates the perineal striated muscles

(Fig. 1). Rhythmic contractions of these perineal

striated musculature including the bulbocavernosus

and ishiocavernosus muscles, propels the seminal

fluid. Sacral spinal cord injury patients usually show

dribbling ejaculation due to the lack of contribution

of the musculature.

Ejection is controlled by the parasympathetic ner-

vous system. Efferent somatic fibres emerge from

the anterior horn of the S2-S4 spinal segments
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Figure 3 : The pelvic sympathetic and parasympathetic

nervous systems

Figure 4 : The nerve supply to the bladder, vas deferens,

and external genitals



(Onuf’s nucleus), and travel in the motor branch of

the pudendal nerve to innervate the pelvic floor stria-

ted muscles including the bulbospongiosus and bul-

bocavernosus muscles. Rhythmic contractions of the

bulbocavernosus, ishiocavernosus and other pelvic

floor striated muscles propels seminal fluid into the

urethra. These muscles are innervated by the puden-

dal nerve and show excitement during ejaculation.

Shafik measured the electromyographic (EMG) res-

ponse of the bulbocavernosus, ischiocavernosus

muscles and the external urethral sphincter during

ejaculation induced by glans penis vibration and

demonstrated that the ejaculatory mechanism

consists of two distinct reflexes.[30] The glans-vasal

reflex is responsible for the emission phase and the

urethromuscular reflex is responsible for the ejection

phases of ejaculation. In a further study in dogs, Sha-

fik reported increased electrical activity of the pelvic

floor muscles and external anal (EAS) and urethral

sphincters (EUS) during electroejaculation [31]. He

suggested that the increased puborectalis muscle

activity might express the prostatic secretions into

the posterior urethra, that levator ani contraction ele-

vates the prostate and partially straightens the pros-

tato-membranous urethral kink that might occur

during erection and that the EAS and EUS contrac-

tions are believed to abort the urge to defecate or uri-

nate and prevent leak of faeces, flatus, or urine

during coitus. The rhythmic EUS contraction at eja-

culation might act as a «suction ejection pump,» suc-

king the genital fluid into the posterior urethra while

being relaxed and ejecting it into the bulbous urethra

upon contraction.

The marked elevation of blood pressure, tachycardia,

tachypnoea and perspiration that accompanies ejacu-

lation are probably elicited by catecholamines secre-

ted from the adrenal medulla. The adrenal medulla

receives sympathetic nerves via the thoracic sympa-

thetic chain and the major/minor splanchnic nerves.

Dopamine and serotonin are important neurotrans-

mitters in the brain. Many studies have been conduc-

ted to investigate the role of the brain in the deve-

lopment and mediation of sexuality, and dopamine

and serotonin have been identified as essential neu-

rochemical factors.

1. DOPAMINERGIC CONTROL

It has been known for a long time that treatment with

dopaminergic drugs has a significant effect on the

sexual behaviour of rodents. Kimura et al. attributed

the dopaminergic system, particularly that in the

anterior hypothalamus, with a sexual facilitatory role

[32]. Gessa & Tagliamonte proposed the «dopamine

positive/serotonin negative» hypothesis [33]. Howe-

ver, dopamine/serotonin balance is more complex as

evidenced by the paradoxical hypersexuality of

spontaneous involuntary orgasm reported with some

members of the selective serotonin re-uptake inhibi-

tor (SSRI) class of anti-depressant drugs. 

Five types of dopaminergic receptors have been

identified. On a pharmacological basis, these sub-

types have been divided into two families: the D1-

and D2- family. The D2 family has the most impor-

tant therapeutic role and the D1- family might have

an important modulating effect on the D2-receptors.

A possible sexual response regulatory role of dopa-

mine is suggested by the observation that dopamine

is released in the MPOA of male rats in the presence

of an oestrous female, and progressively increases

during copulation eventually triggering ejaculation

[15]. In addition, electrical stimulation of the

MPOA, even in the absence of genital stimulation,

also elicits the urethrogenital reflex in rats, resulting

in sequential firing of the hypogastric, pelvic, and

motor pudendal nerves and rhythmic contractions of

the perineal muscles, similar to those seen during

orgasm in humans. 

2. SEROTONERGIC CONTROL

Whereas dopamine, via D2 receptors, promotes

seminal emission/ejaculation, serotonin is inhibitory.

A potent vasoconstrictor, subsequently identified as

serotonin, was first identified in the blood more than

100 years ago. An endogenous factor, enteramine

was found in the enterochromaffin cells of the gut by

Erspamer in 1940 [34]. This factor was subsequently

structurally identified as 5-hydroxy tryptamine (5-

HT), found to be identical to the serum vasoconstric-

tor and called serotonin [35, 36].       

Eighty percent of the total body serotonin is found in

the enterochromaffin cells in the gastrointestinal

tract [37]. Peripheral 5-hydroxytryptamine acts as a

vasoconstrictor, platelet aggregator when released

from platelets, a neurotransmitter in the enteric

plexuses of the gut and as an autocrine hormone

when secreted by the enterochromaffin cells in the

gastrointestinal tract, pancreas and elsewhere [38].

Circulating 5-HT is unable to enter the brain as it

cannot cross the blood-brain barrier.

The serotonergic system of the brain was initially

localised in the 1960s using Falck-Hillarp histoche-

II. NEUROCHEMICAL CONTROL OF

EJACULATION
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mical techniques. More recently, the development of

antibodies against 5-HT and autoradiographic tech-

niques have permitted identification of detailed 5-

HT receptor locations [39]. In 1979, Peroutka and

Snyder first identified different 5-HT receptors using

radioligand binding technology. Currently, at least 16

different receptors have been characterised. e.g.

5-HT1a, 5-HT1b, 5-HT2a, 5-HT2b, etc [40].

Although the function and localization of many of

these receptors is becoming increasingly clear, much

remains unknown. 

Serotonergic neurons are widely distributed in brain

and spinal cord and are predominantly found in the

brainstem, raphe nuclei and the reticular formation.

There are two different groups of serotonergic neu-

rons. A rostral group with cell bodies located in the

midbrain and rostral pons project their axons into the

forebrain. A second caudal group of serotonergic

neurons with cell bodies in medulla project their

axons into spinal cord [124]. The rostral part of the

5-HT system comprises the caudal linear nucleus,

the dorsal and median raphe nuclei and the reticular

formation of the pons and midbrain. The caudal sys-

tem contains the nuclei raphe magnus, pallidus and

obscurus, the adjacent reticular formation, solitary

nucleus and the nucleus subcoeruleus [41]. 

The ascending projections from the rostral 5-HT

neurons comprises two parallel but functionally and

morphologically distinct pathways [41]. Projections

that arise from the median raphe nucleus and are cal-

led the «basket-axon» system, comprise thick fibres

(M-fibres) that branch into short, thin fibres and

form multiple, large, round boutons (varicosities)

and extensive synapses. The second system arises

from the dorsal raphe nucleus and has thin fibres

(D-fibres) which branch extensively and are charac-

terised by multiple fusiform-like boutons (varicosi-

ties) which do not seem to contain any synaptic

structures. Both systems are extensively distributed

throughout the brain. In the cerebral cortex, both M-

and D-fibres co-exist whereas the striatum receives

only fine D-fibres and the gyrus dentatus primarily

receives the thick M-fibres. The caudal raphe nuclei

project to the caudal brain stem and spinal cord. The

raphe magnus cleus predominantly projects to the

dorsal horn of the spinal cord. The nuclei pallidus

and obscurus project to the ventral horn, intermedia-

te zone and the intermediolateral cell column of the

thoracolumbar and sacral spinal cord. Most of the

afferent projections to the caudal raphe nuclei arise

from the mesencepthalic periaqueductal grey area

and the medial cell groups of the hypothalamus and

pre-optic area, the so called «limbic system» [42].

Serotonergic neurons use a variety of different

mechanisms to self-regulate their own activity.

Synaptic cleft 5-HT and 5-HT neurotransmission are

regulated by somatodendritic 5-HT1A autoreceptors,

presynaptic 5-HT1B 1D  autoreceptors and a 5-HT

transporters re-uptake system (Figure 5). Each of

these mechanisms is a negative feedback system

which reduces synaptic cleft 5-HT and prevents

over-stimulation of the postsynaptic receptors.

Somatodendritic 5-HT1A autoreceptors are found in

high concentrations on the cell bodies and dendrites

of serotonergic neurons in raphe nuclei. They are

activated by endogenous 5-HT and cause a reduction

in firing rate of 5-HT neuron and reduced 5-HT neu-

rotransmission. This endogenous 5-HT probably ori-

ginates from somatodendritic release as opposed

from synaptic release. Administration of the selecti-

ve 5 -HT1A receptor agonist, 8 -OH -DPAT, to rats

lowers central 5-HT levels and causes male rats to

ejaculate at the first or second intromission. Activa-

tion of 5 -HT1A receptors is attenuated or blocked by

activation of 5 -HT2C receptors. Presynaptic 5

-HT1B 1D autoreceptors also inhibit 5 -HT release

into synaptic cleft This receptor is linked to an inhi-

bitory (GI protein) transaction mechanism which

blocks the release of 5-HT and blocks the release of

5-HT from axonal vesicles, the exact mechanism of

which has yet to be identified. 

Large numbers of 5-HT transporters (5-HTT) are

located predominantly on axonal terminals but also
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Figure 5 : Synaptic cleft 5-HT and 5-HT neurotransmission

are regulated by somatodendritic 5-HT1a autoreceptors,

presynaptic 5-HT1B 1D  autoreceptors and a 5-HT trans-

porters re-uptake system



on the serotonergic cell bodies and its dendrites and

glial cells.  As 5-HT is released into the synaptic cleft

from pre-synaptic axonal vesicles, 5-HT transporters

re-uptake and remove 5-HT from the synaptic cleft,

preventing over-stimulation of the postsynaptic

receptors. After blockage of 5-HT transporters by

selective serotonin re-uptake inhibitor class drugs

(SSRIs), synaptic cleft 5-HT increases but is counte-

racted by activation of 5 -HT1A autoreceptors which

inhibit further 5-HT release.

The cerebral serotonergic (5-HT) system exerts an

inhibitory role on ejaculation and male sexual activi-

ty in the rat model. Serotonin is released in the ante-

rior lateral hypothalamus (LHA) of male rats at the

time of ejaculation [43]. In 1969, Tagliomonte and

Gessa reported that the serotonin depletor, P-chloro-

phenylamine (PCPA) promoted aggression, insom-

nia and aberrant, often compulsive hypersexual

behaviour in rats suggesting that the cerebral seroto-

ninergic (5-HT) system exerts an inhibitory role on

male sexual activity in the rat model [44]. Micro

injection of a selective serotonin reuptake inhibitor

(SSRI) into the LHA delayed both the onset of copu-

lation and also delayed ejaculation after copulation

had begun [43]. This parallels the reported adverse

effects of the SSRI class of antidepressant drugs,

which include decreased libido and delayed ejacula-

tion/orgasm. Kondo and Yamanouch localised this

inhibitory action to serotonergic neurons in the

median raphe nucleus [45]. Lorrain et al. suggested

that the observed increase in extracellular 5-HT in

both the anterior lateral hypothalamus and MPOA of

male rats following ejaculation, may inhibit subse-

quent ejaculation and is responsible for the ejacula-

tory refractory period [43]. The post ejaculatory

decrease in libido may result in part from decreased

dopamine release in the nucleus accumbens, a major

terminal of the mesolimbic dopamine tract [16].

Dopamine in the nucleus accumbens has been related

to motivation and/or reward related to numerous

behaviors, including eating, drinking, copulation,

and drug addiction. Therefore, one site at which

SSRI drugs may inhibit both libido and ejaculation is

the LHA. While the N. accumbens probably

mediates the SSRI-induced decrease in libido, it pro-

bably does not influence ejaculation directly.  The

structure mediating that effect is not known; howe-

ver, neurons from the LHA do descend to the lumbar

spinal cord, where the neurons controlling genital

reflexes reside. 

Different 5-HT receptor subtypes may have oppo-

sing effects on sexual function. In 1981, Ahlenius

reported that activation of 5-HT1A receptors in male

rats with a selective agonist shortens the ejaculatory

latency time [46]. Hillegaart et al. recently confirmed

this but also reported that activation of 5-HT1B

receptors inhibited male rat ejaculatory behaviour

[47]. Berendsen demonstrated that activation of

5-HT1A receptors is attenuated or blocked by activa-

tion of 5-HT2C receptors.[48] More recently, Reh-

man et al.suggested that 5-HT1A receptors at diffe-

rent locations (brain, raphe nuclei, spinal cord and

autonomic ganglia) may modulate rat sexual beha-

viour in opposing ways [49]. 

3. GABAERGIC CONTROL

Several studies have identified an inhibitory and

regulatory role in sexual functioning in rats of

gamma-amino-butyric acid (GABA). Administration

of GABA or compounds that induce elevated levels

of GABA in the cerebrospinal fluid inhibits sexual

behaviour. Elevated CSF GABA levels have been

demonstrated during the post ejaculatory interval in

male rats and during weaning in female rats also sug-

gesting an inhibitory role. Benzodizepines, used in

the treatment of anxiety, are believed to exert their

effect through enhancement of GABAergic neuro-

transmission. Diazepam inhibits sexual behaviour in

male rats, suggesting a possible mechanism for

anxiety induced psychogenic sexual dysfunction

[19]. 

It is estimated that 30-40% of neurons in the CNS

use GABA as their primary neurotransmitter.

GABA-receptors are divided into two classes on a

pharmacological basis: GABAA and GABAB.

GABA-receptors are distributed throughout the

CNS, and it is estimated that 30-40% of neurons in

the CNS use GABA as their primary neurotransmit-

ter. GABAA receptors are probably tonically (and

constantly) activated, while GABAB receptors are

activated only under certain physiological situations.

Activation of a GABA receptor has an inhibitory

effect on the target neuron, such that a higher

concentration of other neurotransmitters (eg. dopa-

mine, serotonin) is required to achieve a neurotrans-

mission of the same intensity.

GABAA agonists inhibitory sexual behaviour as evi-

dence by a reduced number of mounts and intromis-

sions when these drugs are administered systemical-

ly or locally in to the medial pre-optic area [50].

GABAA antagonists, on the contrary, have no effect

on sexual behaviour when administered systemically

but when administered by micro-injection direct in to

the medial pre-optic area have a positive sexual
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effect and reduce the ejaculatory latency time (as

above). Male rats that are non- copulators also achie-

ve benefit from GABA antagonists. The GABAB

receptor subtype also have an important role in

mediating GABA’s inhibition of sexual behaviour.

Systemic injection of the GABAB agonist, baclofen

results in a decrease in the number of rat mounts,

intromissions and erections [50,51].

4. CHOLINERGIC CONTROL

Cholinergic receptors are divided into two classes:

muscarinic and nicotinic receptors. Although both

are found in almost all parts of the human body, the

nicotinic receptor is seen in particularly high concen-

trations at the neuromuscular junction, autonomic

ganglions and in the brain. Through its effect on

cognition and blood flow via its action on the choli-

nergic system of the forebrain, nicotine regulates

and/or coordinates a large array of central nervous

system functions. 

Administration of nicotinic receptor agonists such as

nicotine or carbachol or physostigmine, anti-choli-

nesterase inhibitor, potentiates cholinergic neuro-

transmission and results in a reduction of sexual

behaviour in rats. Low doses of nicotine have been

reported to cause elevated levels of serotonin in the

brain. As previously described, enhanced serotoner-

gic neurotransmission most often results in an inhi-

bition of sexual behaviour. Cholinergic antagonists

such as atropine or scopolamine, exert an inhibitory

effect on sexual behaviour. Micro-injection of scopo-

lamine into the ventricles of the brain, prolongs ini-

tiation of copulation and reduces the number of

intromissions and ejaculation in rats [50]. Micro-

injection of the cholinergic agonists oxotremorine or

carbachol into the MPOA causes a stimulation of

sexual behaviour in male seen as reduced ejaculato-

ry latency time.

5. ADRENERGIC CONTROL

The wide distribution of adrenergic receptors throu-

ghout the peripheral and central nervous system

makes the adrenergic nervous system an essential

part of the mechanism that controls many different

physiological functions including sexual function. In

the CNS, alpha-adrenergic receptors are present

throughout the brain, while beta-1 and -2 receptors

are found only in the cortex and cerebellum.

Although noradrenaline effects both erection and

ejaculation, it is difficult to conclude whether per-

ipheral or central neurotransmission is essential in

determining the direction of the effect. It is reaso-

nable to conclude that a cholinergic-adrenergic

balance is essential to keeping sexual functions in

balance. As such priapism has been reported as an

adverse effect of alpha-adrenergic blockade with the

alpha-1 antagonists prazosin especially if cholinergic

activity is reduced or eliminated at the same time

[51]. Prazosin has also been shown to increase the

ejaculatory latency time and the post ejaculatory

interval in both rats and humans. 

6. NITRIC OXIDE

Nitric oxide (NO) is becoming recognized as one of

the important intracellular messengers in the brain

[52,53]. Several authors have reported that NO might

be involved in the regulation of emotional and beha-

vior [54-56]. There is a possibility that brain NO is

involved in regulating male rat sexual behaviour.

Mellis reported the role of NO in a specific brain

area on male copulatory behaviour, especially penile

erection [57, 58]. Sato et al. investigated the influen-

ce of the extracellular nitric oxide (NO) level on

male rat copulatory behavior [59]. Micro-injection of

the NO precursor, L-arginine into the MPOA, indu-

ced significant elevations of extracellular NO and a

increased male copulatory behaviour with significant

increase in mount rates. Microinjection of the NO

synthase inhibitor N-monomethyl-L-arginine

(L-NMMA) significantly reduced NO levels and

inhibited copulatory behaviour. These findings sug-

gested that the elevation of extracellular NO in the

MPOA facilitates male copulatory behaviour of rats,

whereas the decrease of NO reduces their copulatory

behaviour. 

There is a possibility that NO facilitates male copu-

latory behaviour through acceleration of dopamine

release. Lorrain and Hull reported that micro-injec-

tion of the NO precursor, L-arginine, into the

MPOA, increased the extracellular dopamine

level.[60] Moreover, they showed the possible role

of CGMP/NO pathway in the control of dopamine

release during copulation [61]. They suggested that

NO may play a role in control of male copulatory

behaviour and temperature regulation through the

modulation of monoamine release. L-Glutamate eli-

cits an intracavernous pressure increase in the

MPOA [62]. It increases NO production by activa-

tion of NMDA receptors. This suggest that NO in the

MPOA directly promotes penile erection, and sup-

ports a biological role of NO in the MPOA for posi-

tive mediation of male sexual behaviour

Hull et al. demonstrated that microinjection of the
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NO synthase inhibitor, N-nitro-L-arginine methyl

ester (NAME) decreased the number of erections,

but also increased the number of seminal emissions

and decreased the latency to the first seminal emis-

sion [63]. The results indicate that not only does

nitric oxide promotes erection in intact male rats, but

may also inhibit seminal emission, probably by

decreasing sympathetic nervous system activity.

Kriegsfeld reported that mice homozygous for eNOS

gene deletion have striking ejaculatory anomalies

[64]. A significantly higher percentage of eNOS gene

deletion mice than normal controls ejaculated during

the testing period, requiring less stimulation and few

mounts and intromissions.

Intraperitoneal injection of pilocarpine caused a

dose-related seminal emission adult male rats [65].

The seminal emission response to pilocarpine was

greatly reduced in atropinized animals, suggesting a

cholinergic effect.N-nitro-L-arginine methyl ester

(NAME), a nitric oxide synthesis inhibitor,  inhibited

the  pilocarpine-induced seminal emission, which

was reversed by L-arginine or by coinjection of

sodium nitroprusside. These results suggest that

nitric oxide mediates the inhibitory neurotransmis-

sion responsible for seminal emission in pilocarpine

stimulated rats. 

Consistent with this, Ferrari et al. have demonstrated

that the specific type V isoenzyme phophodiesterase

inhibitor, sildenafil, modifies central DA-mediated

behaviour in rats [66]. They also reported that silde-

nafil  diminished both the ejaculation latency and

the inter-intromission interval in normal rats [67].

Following castration, the effect of sildenafil on copu-

latory function was not observed but as restored fol-

lowing testosterone replacement.

It is also known that testosterone is fundamental for

a normal mating pattern, which is totally disrupted

by castration and can be restored by the replacement

of the hormone. It has been suggested that testoste-

rone-induced activation is linked to increased syn-

thesis and/or release of DA in the brain  and NO

could be the bridge between testosterone and DA for

copulatory behaviour [68]. 

Male rat studies (Table 2) have demonstrated that

serotonin (5-hydroxytryptamine: 5-HT) and 5-HT

receptors are involved in the ejaculatory process. As

far as is currently known, 5-HT2C and 5-HT1A

receptors determine the speed of ejaculation. For

example, studies with d-lysergic acid diethylamide

and quipazine, which are nonselective 5-HT2C ago-

nists, suggest that stimulating 5-HT2C receptors

delays ejaculation [255]. 

However, 2,5-dimethoxy-4-iodophenyl-2-aminopro-

pane, which equally stimulates 5-HT2A and 5-HT2C

receptors, also increases ejaculation latency [256],

whereas the selective 5-HT2A receptor agonist 2,5-

dimethoxy-4-methylamphetamine does not have this

effect [255]. On the other hand, activation of postsy-

naptic 5-HT1A receptors by the selective 5-HT1A

receptor agonist 8-hydroxy-2-(di-n-propylaminote-

tralin) in male rats resulted in shorter ejaculation

latency [255]. 

Administration of selective serotonine reuptake inhi-

bitors (SSRIs), results in higher levels of 5-HT in the

synapse due to active blockade of 5-HT transporters

in the presynaptic membrane [124]. Initially, the 5-

HT level is only mildly increased, but due to desen-

sitisation of the 5-HT1A and 5-HT1B/1D autorecep-

tors, 5-HT levels in the synaps increase highly. The

higher levels of 5-HT consequently activate the post-

synaptic 5-HT2C and 5-HT1A receptors [124,257].

Acute administration of clomipramine and SSRIs

does not lead to a significant change in sexual beha-

vior of male rats [258]. However, chronic adminis-

tration  with fluoxetine [259] and paroxetine [260]

significantly delays ejaculation latency time in male

rats. Chronic administration of fluvoxamine however

exerts only a mild change in male rat sexual beha-

vior.

I. ANIMAL STUDIES

B. THE EFFECTS OF DRUGS

ON ORGASM AND 

EJACULATION
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Based on 5-HT2C and 5-HT1A receptor interaction

data in animals Waldinger et al. [124, 126, 261] for-

mulated the hypothesis that in men with early ejacu-

lation there is a hyposensitivity of the 5-HT2C

and/or hypersensitivity of the 5-HT1A receptor. The

hypothesis that activation of postsynaptic 5-HT

receptors delays ejaculation is supported by nume-

rous studies in humans with different SSRIs. Howe-

ver, in these studies it is not obvious whether similar

receptor subtypes, that is 5-HT2C and 5-HT1A

receptors, are also involved in human ejaculation

since SSRI treatment activates many different post-

synaptic subtype receptors. To find an answer 2

human studies with the 5-HT2C blocking antidepres-

sants nefazodone [181] and mirtazapine [182] were

performed. In a double-blind placebo controlled

study with the 5-HT2C/5-HT2A receptor antagonist

and 5-HT/noradrenaline reuptake inhibitor nefazo-

done, 400 mg nefazodone daily did not exert any eja-

culation delay in contrast to a significant delay after

20 mg paroxetine daily and 50 mg sertraline daily. In

a similar study the 5-HT2C/5-HT3 receptor antago-

nist, and noradrenergic and specific serotonergic

antidepressant mirtazapine did not induce ejacula-

tion delay compared with the significant delay resul-

ting from 20 mg paroxetine daily. In both studies

nefazodone and mirtazapine did not delay ejacula-

tion. Futher studies with selective 5-HT2C and 5-

HT1A agonist and antagonists are encouraged to elu-

cidate still undiscovered pharmacological mecha-

nisms underlying the ejaculatory process.

1. DOPAMINE

The centrally acting neurotransmitter dopamine is

known for its involvement in control of male rat

sexual behavior. Taking the parameters of mount and

intromission frequencies and latency to ejaculation

as measures of copulatory activity, most reports indi-

cate that dopamine has a stimulatory effect on ejacu-

lation that is exerted via D2 receptors. Enhancement

of the ejaculatory behavior and the decrease in intro-

mission frequency stimulated some authors to call

this altered behaviour a rat model for «early ejacula-

tion». Some dopamine (DA) receptor agonists, such

as apomorphine, N-n-propyl-norapomorphine, lisuri-

de and 3-(3-hydroxyphenyl)-N-n-propyl-piperidine

(3-PPP) may cause ejaculation in male rats with

receptive females sooner and after fewer penile

intromissons than controls. The doses of DA agonists

needed to produce “early ejaculation” on male rats

are within the low dose range needed to stimulate

DA autoreceptors. In this manner, it is suggested that

this phenomenon in rats results from inhibition of

DA neurotransmission [262].

2. MORPHINE

Several studies have shown that systemic and central

administration of morphine inhibits male rat sexual

behavior. It is suggested that the inhibitory effects of

morphine may be mediated by the kappa receptor

[263]. However, in one study, a small proportion of

male rats reacted differently on a low dose of syste-

mic morphine: there was a decrease of ejaculation

latency, and in the number of intromissions prior to

III. SIDE EFFECTS OF SPECIFIC

DRUGS ON EJACULATION
II. HUMAN STUDIES (Table 3)
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Table 2. Level of Evidence - The Effects of Drugs on Orgasm and Ejaculation

Reference  Author/s Study  Type Level of 

No. Evidence

124 Waldinger MD, Berendsen HHG, Blok BFM et al Animal 1A

126 Waldinger MD, Olivier B Animal 1A

255 Ahlenius S, Larsson K, Svensson L. et al. Animal 1B

256 Foreman MM, Hall JL, Love RL Animal IB

257 Olivier B, van Oorschot R, Waldinger MD Animal 1A

258 Mos J, Mollet I, Tolboom JT, Waldinger MD, Olivier B Animal 1B

259 Matuszcyk JV, Larsson K, Eriksson E Animal 1B

260 Waldinger MD, Plas A vd, Pattij T, Oorschot RV Animal 1B

181 Waldinger, M. D., Zwinderman, A. H., Olivier, B.: Human 1A

182 Waldinger, M. D., Zwinderman, A. H., Olivier, B Human 1A
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ejaculation [263]. In another recent study, morphine

had marginal effects on sexual motivation in general,

but reduced ambulatory activity in male rats. In this

study, neither dopamine nor opioids seem to be

important for sexual incentive motivation [264].

These conflicting results indicate that at least there is

a role for the enkephalines in the modulation of

sexual behavior in the male rat.

3. ECSTASY

The amphetamine analog MDMA, better known as

the recreational drug ecstasy, is known and feared for

its neurotoxic properties. It reduces brain concentra-

tions of serotonin by inhibition of the metabolism

and by long-lasting degeneration of 5-HT nerve ter-

minals, as well as by decreasing the number of 5-HT

uptake sites. In an experiment with male rats, Dornan

and collaborators found that a chronic administration

of MDMA, caused less rats to display mounting

behavior, and an increase in ejaculation latency in

the responders [265]. These results are conflicting

with the above-described studies with serotonin

receptor agonists and antagonists, because a decrea-

se in central 5-HT would cause an increase in male

rats’ sexual behaviors. Probably, since MDMA has

such dramatic effects in the brain, other factors may

have played an important role in this experiment.

4. GABA

The neurotransmitter gamma-aminobutric acid

(GABA) occurs in the brain tissue. Two distinct

types of GABA receptors are recognized: GABAA
and GABAB. There is some evidence that the

GABAB receptor agonists (like baclofen) inhibit

sexual behavior in male rats, independently from the

effects on motor systems. But in other study, baclo-

fen was ineffective in reduce sexual behavior in male

rats  while muscimol (a GABAA receptor agonist)

when given into the paraventricular nucleuos of the

hypothalamus reduce dose-dependently male rats

sexual behavior [266].

5. YOHIMBINE

The alpha2-adrenoceptor blocking agent yohimbine

has been known for its aphrodisiac properties in rats

and humans. In male rat studies, it increased moun-

ting behavior without the need for physiological

levels of serum testosterone. When looking at the

effects on ejaculation, a decrease in ejaculation laten-

cy, intercopulatory interval, and post-ejaculatory

interval is found. Others alpha2-adrenoceptor antago-

nists, such Rauwolscine and Idazoxan also have sti-

mulatory effects on ejaculatory function in animal

models [267].

6. MONOAMINE OXIDASE INHIBITORS

The monoamine oxidase inhibitors (MAOIs) are

mainly used in the treatment of neurotic or atypical

depression. These drugs increase the levels of epine-

phrine, norepinephrine, dopamine and serotonin. The

MAOIs have been known for their sexual side effects,

with an incidence up to 20-40%. Delayed or inhibited

ejaculation is reported for isocarbazid, phenelzine and

tranylcypromine.

7. CYPROHEPTADINE

Cyproheptadine is an antihistaminic, formerly used in

Cushing’s disease and anorexia nervosa. It also

increases serotonin levels in the brain. Several reports

indicate that cyproheptadine is able to convert

drug-induced orgasmic failure in both men and

women.

8. BENZODIAZEPINES

A number of benzodiazepines effective in treating

generalized anxiety and panic attacks are also known

to inhibit ejaculation in some men, presumably by

enhancing gamma-aminobutyric acid (GABA). These

drugs include diazepam, lorazepam, lormetazepam,

temazepam, flunitrazepam, flurazepam, nitrazepam,

chlordiazepoxide, and alprazolam. However the effect

on ejaculation is not so intensive as that other psycho-

tropics such SSRIs. Less than 10% of men experience

an inhibition of ejaculation with these ansiolitic drugs

[268].

9. STIMULANTS

Amphetamine is a stimulating drug with affinity for

different receptors in the central nervous system. It sti-

mulates release of dopamine, inhibits monoamine oxi-

dase and blocks the reuptake of both catecholamines

and serotonin. In male rats, methamphetamine inhibits

the intromitting and ejaculating behavior [269]. It is

reported to delay ejaculation in subjects without eja-

culatory dysfunction. Cocaine is an addictive «recrea-

tional» drug and stimulates the central nervous system

through blocking of monoamine transporters. Diffe-

rent reports confirm that delayed ejaculation appears

to be the most common sexual side effect.

10. DOPAMINE ANTAGONISTS

Dopamine antagonists block central dopamine recep-

tors and clinically used as antipsychotics or neurolep-

tics. Ejaculation may be prevented by centrally acting

426



dopamine receptor blockers such as pimozide, sulpiri-

de and haloperidol [262,270]. Thioridazine, chlorpro-

mazine delay ejaculation but also block adrenergic

receptors [271]. Atypical neuroleptics such as risperi-

done and clozapine, that block dopamine and seroto-

nin receptors, have been reported to delay ejaculation.

11. ALPHA 1-BLOCKING AGENTS

Potent alpha-adrenergic blocker agents such as phe-

noxybenzamine hydrochloride, alphuzosine and tera-

zosine suppress ejaculation by inhibition of the sym-

pathetic nervous activation of the ejaculatory reflex

272-274].

12. NITRIC OXIDE DONORS

NO-donors such as sodium nitroprusside, S-nitroso-

glutathione, S-nitroso-N-acetylcysteine, S-nitroso-N

acetylcysteine-ethylester and linsidomine have been

demonstrated to reduce adrenergic tension in isolated

human seminal vesicle strip preparations. A potential

role of these agents in the treatment of early ejacula-

tion exists [275].

13. ANTIDEPRESSANTS

Selective Serotonin Reuptake Inhibitors class antide-

pressants (SSRI) increase synaptic cleft 5-HT levels

delay ejaculation probably by action on 5-HT2 and

5-HT3 receptors. The antidepressants nefazodone (5-

HT2 antagonist) and  mirtazapine (5-HT2 and 5-HT3

antagonist) antagonize these receptors and produce

no clinically significant ejaculatory delay.[276] Tri-

cyclic class antidepressants inhibit ejaculation in a

dose dependent manner due to their anticholinergic

and alpha-adrenergic antagonistic properties [89].

The influences of different drugs on ejaculation are

delineated in Table 3.

1. DEFINING cRITERIA

Both DSM-IV-R and ICD-10 provide definitions of

premature (early) ejaculation. Specifically, DSM-IV-

R [69] defines premature (early) ejaculation as “the

persistent or recurrent ejaculation with minimal sti-

mulation before, on, or shortly after penetration and

before the person wishes it. The clinician must take

into account factors that affect duration of the exci-

tement phase, such as age, novelty of the sexual part-

ner or situation, and recent frequency of sexual acti-

vity. The disturbance causes marked distress or inter-

personal difficulty. PE is not due exclusively to the

direct effects of a substance (e.g., withdrawal from

opioids).” 

ICD-10 [70] indicates “the general criteria for sexual

dysfunction must be met. There is an inability to

delay ejaculation sufficiently to enjoy lovemaking,

manifest as either of the following. Occurrence of

ejaculation before or very soon after the beginning of

intercourse (if a time limit is required: before or

within 15 seconds of the beginning of intercourse);

ejaculation occurs in the absence of sufficient erec-

tion to make intercourse possible. The problem is not

the result of prolonged absence from sexual activi-

ty.” These two sources provide similar though not

identical conceptual frameworks for classifying an

individual as having PE. Included in both is referen-

ce to three general criteria: short ejaculatory latency,

a lack of sexual satisfaction, and a lack of self-effi-

cacy regarding the condition. This last component is

noted as “ejaculation before the person wishes” in

DSM IV-R, and the “inability to delay ejaculation

sufficiently to enjoy lovemaking…” in ICD-10. 

2. OPERATIONALIZING THE cRITERIA

Each of the three criteria above has been operationa-

lized, although not always with consistency [71].

The first criterion—short ejaculatory latency—is

typically operationalized by intravaginal ejaculatory

latency time (IELT), defined by the number of

seconds/minutes between vaginal intromission and

I. EVALUATION OF PREMATURE

EJACULATION

C. PREMATURE 

EJACULATION (PE)
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ejaculation, averaged over a number of attempts.

ICD-10 indicates that latencies of 15 sec or less are

consistent with a PE diagnosis. Other sources sug-

gest latencies up to 60 sec—90% of ejaculations of

men with this disorder occur within this timeframe

[72] —or even up to two minutes [73] (Figure 6).

IELT’s of 2 minutes or less show minor overlap with

those of men without PE, which typically range from

about 2 to 10 min. Accordingly, any latency under 2

min suggests a possible PE diagnosis. 

Whether latencies should be exactly timed (e.g.,

using chronometers of some sort) or whether estima-

tions by the man and/or his partner are sufficiently

accurate to quantify this criterion is yet undecided.

The former strategy offers greater precision and less

bias [72], perhaps with the downside of being intru-

sive and/or overemphasizing the weight of objective-

ly quantified measures relative to patient’s subjecti-

ve assessment of the problem. Interestingly, recent

data indicate that estimations of IELT tend to over-

rather than under-estimate ejaculatory latencies, sug-

gesting a bias toward “misses” rather than “false

positives.” Whatever method is used, IELT should be

considered only one of several conditions important

for a PE diagnosis.  

Mere temporal latency—that is, penile time spent

intravaginally—does not capture a relevant defining

characteristic of PE, namely “ejaculation with mini-

mal stimulation” (DSM-IV-R). As a result, the “num-

ber of penile thrusts” to ejaculation probably repre-

sents a more valid assessment of the amount of peni-

le stimulation. However, IELT is generally conside-

red the more reliable measure and is, within the lar-

ger population of men, correlated with the number of

penile thrusts [74].  

The second criterion—self-efficacy or the patient’s

ability to control the dysfunctional response—distin-

guishes men who ejaculate rapidly because they are

incapable of any other response from those who do

so for any number of other reasons, including ones

related to the situation or the partner. In recent

research, self-ratings of «control over ejaculation»

have been used successfully as a self-efficacy mea-

sure that differentiates PE men from sexually func-

tional men [75-77]. Men with PE rate their ejacula-

tory control around 2 to 4 (1= not at all; 7 = comple-

te control), whereas functional men typically rate

their control at 4 or higher. Since actual control over

the ejaculatory reflex is itself something of a matter

of debate, measures of self-efficacy more relevant to

assessing successful treatment of PE may include

such items as the “ability to delay ejaculation” or to

“the ability to overcome  early ejaculation”.

The third criterion—concern or distress about the

condition—is usually satisfied by the mere fact that

the man (often with his partner) approaches the cli-

nic seeking help for the sexual problem. In situations

where participants are recruited into an experimental

or clinical investigation, several questions might be

included in a screening questionnaire that directly

address the issue of concern or distress. Most com-

monly these items query the man (and when possible

his partner) about his general level of sexual satis-

faction, with further elaboration about anxiety or

concern surrounding the sexual problem and about

the quality of the sexual relationship. Standardized
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Figure 6 : Intravaginal ejacu-

lation latency time (IELT)

measured with stopwatch in

110 men with lifelong prematu-

re ejaculation, of whom 90%

ejaculated within 1 minute

after vaginal penetration,

including 80% within 30

seconds.  [72 ]



measures of general anxiety (e.g., BSI [78]), sexual

functioning (e.g., GRISS [79]) or dyadic distress

(Dyadic Adjustment Scale [80]) might also be inclu-

ded to further assist in operationalizing this criterion.

• Exclusionary factors

Both DSM-IV and ICD-10 definitions prescribe

conditions that exclude an individual from a PE dia-

gnosis. These include early ejaculation mediated by

alcohol, substance use, or medication; a context that

leads to very high levels of arousal because of novel-

ty of partner or situation; and a low frequency of

sexual activity.

3. DIAGNOSTIC sUBGROUPS

Given the lack of consensus (and supporting data)

regarding possible etiologies of PE, it is not surpri-

sing that identification of clear subtypes of PE based

upon cause has not been successful. Nevertheless,

classification of PE into various subtypes based on

developmental histories and response characteristics

has sometimes proved useful. For example, most cli-

nicians and researchers distinguish between lifelong

and acquired PE, and between PE that is limited to

specific situations or partners and that which is more

global. Knowing that the patient has had a lifelong

history of PE not specific to one partner may argue

toward a biological and/or cognitive etiology. As

such, the need to address interpersonal and relation-

ship issues may be less important in these men. In

contrast, knowing that the PE developed recently in

specific situations and in conjunction with erectile

dysfunction may suggest the need to address rela-

tionship issues and attend less to a biological etiolo-

gy.

a) Relevant covariate conditions of men with PE

Men with high risk for PE often report other symp-

toms that characterize their condition, and these

might be used to assist in identifying individuals

with PE, particularly when they are not familiar with

the nosological terminology employed in clinical

settings. Such men may present their problem using

language that reflects various other aspects of their

dysfunctional experiences.

b) Penile sensitivity

Many PE men report a high level of penile sensitivi-

ty, although empirical data supporting such hyper-

sensitivity is mixed [81-83]. Perceived hypersensiti-

vity may reflect strong responsivity or low thre-

sholds of the ejaculatory reflex as much as hyperes-

ponsivity of sensory receptors in the penis. 

4. EJACULATORY LATENCY DURING

MASTURBATION

PE is defined primarily by ejaculatory latency and

control during coital activity. Nevertheless, many PE

men report short latencies during masturbation as

well. Others, on the other hand, experience short

latencies during intercourse but not masturbation

[73]. Presumably men in this latter category are bet-

ter able to control the timing of ejaculation during

masturbation because they are less aroused and/or

can exert more control over the intensity of penile

stimulation. Alternatively, the absence of anxiety that

emanates from the evaluative nature of psychosocial

interactions surrounding intercourse may diminish or

eliminate the conditions typically leading to early

ejaculation.

5. DESYNCHRONIZATION OF AROUSAL AND

EJACULATION

Ejaculation and orgasm typically define the high

point of arousal within the sexual response cycle. Yet

some PE men characterize their ejaculation as being

unexpected, that is, occurring prior to their anticipa-

ted peak of arousal. Furthermore, there is evidence

from psychophysiological analysis suggesting that in

response to psychosexual stimulation, PE men report

lower sexual arousal but closer proximity to ejacula-

tion when compared to sexually-functional counter-

parts [73]. PE men may underestimate their level of

arousal, or alternatively, may reach orgasm at sub-

maximal arousal levels and prior to their anticipated

peak arousal. 

6. DISSOCIATION OF SEMEN EXPULSION AND

SOMATIC CONTRACTIONS

Ejaculation involves the dual responses of sympathe-

tically-controlled emission of semen mediated

through prostate function and bladder neck closure

and somatically-controlled expulsion of semen

through rhythmic contractions of the bulbocaverno-

sal and anal sphincter musculature. The former res-

ponse, which is associated with ejaculatory inevita-

bility, typically acts as the stimulus for the second

reflex response, which is primarily associated with

the experience of orgasm. A limited subset of PE

men not only report short latencies to ejaculation, but

also fail to experience the full complement of soma-

tic contractions, with the resulting consequence of

semen dribbling from the penis. Although this condi-

tion is sometimes associated with acetylcholine inhi-

bitors, it has been know to occur in the absence of

medications as well.
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7. CO-EXISTING ERECTILE DYSFUNCTION

A significant number of men with PE also report

having problems achieving and/or maintaining an

erection, estimated as high as 30% [77]. Typically,

these men ejaculate without a full erection, with

penile tumescence reaching a maximum—although

less than complete erection—at the moment of eja-

culation. The extent to which these co-existing dys-

functions are either independent or interrelated is

unknown, although careful analysis of the develop-

mental histories of each problem may assist in devi-

sing an appropriate treatment strategy.

8. FREQUENCY OF EJACULATION

Self-reported frequency of ejaculation/orgasm has

been related to short ejaculatory latencies, with PE

men exhibiting lower frequencies of sexual activity

and orgasm relative to sexually functional counter-

parts [84-86]. Both ICD-10 and DSM-IV-R exclude

men from the diagnosis who ejaculate rapidly due to

infrequent sexual activity. Presumably, lower fre-

quencies in PE men lead to shorter IELT’s because

arousal levels may be unusually high and the normal

inhibition of ejaculation caused by the male refracto-

ry period plays a diminished role.

Historically, attempts to explain the etiology of early

ejaculation has included a diverse range of biogenic

and psychological theories (Table 4). Most of these

proposed aetiologies are not evidence based and are

speculative at best. Psychological theories include

the effect of early experience and sexual conditio-

ning, anxiety, sexual technique, the frequency of

sexual activity and psychodynamic explanations.

Biogenic explanations include evolutionary theories,

penile sensitivity, central neurotransmitter levels and

receptor sensitivity, degree of arousability, the speed

of the ejaculatory reflex and the level of sex hor-

mones. The lack of an operationalized definition for

PE and the presence of methodological problems

related to the inadequate definitions used, is a com-

mon flaw in the majority of these studies.

1. ANXIETY

Anxiety has been reported as a cause of PE by mul-

tiple authors and is entrenched in the folklore of

sexual medicine as the most likely cause of PE des-

pite scant empirical research evidence to support any

causal role [86-90]. Several authors have suggested

that anxiety activates the sympathetic nervous sys-

tem and reduces the ejaculatory threshold as a result

of an earlier emission phase of ejaculation [87, 89].

Strassberg et al. (1990) used a multivariate definition

of PE incorporating both latency and control dimen-

sions and failed to demonstrate any difference in

sexual anxiety between a control group of men with

normal ejaculatory control and men with PE [91]

Kockott reported that men with PE and low levels of

sexual anxiety ejaculated rapidly during both inter-

course and solitary masturbation [92]. Men with PE

and high levels of sexual anxiety, however, ejacula-

ted rapidly only during sexual intercourse and had

superior ejaculatory control during solitary mastur-

bation. This study contained several methodological

flaws which make interpretation of results difficult.

Anxiety was only measured during sexual intercour-

se and not during solitary masturbation and was sub-

jectively self evaluated by the patient and not by an

objective validated inventory. Furthermore, anxiety

levels in a control group of men with normal ejacu-

latory control were not examined. 

Isolated anecdotal reports suggest a potential role for

anxiolytic medication in the treatment of PE.

Segraves (1987) reported the successful treatment of

a 71-year-old man with primary PE with the benzo-

diazepine, lorazepam whereas Cooper and Magnus

(1984) failed to distinguish any difference in ejacu-

latory latency times of men with PE at baseline or

following treatment with beta-blocking drug, propra-

nolol or placebo [93, 94].

The possibility that high levels of anxiety and exces-
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sive concerns about sexual performance and poten-

tial sexual failure might distract a man from monito-

ring his level of arousal and recognising the prodro-

mal sensations that precede ejaculatory inevitability

has been suggested as a possible cause of PE by

several authors [88,90,95]. The causal link between

anxiety and PE is speculative, is not supported by

any empirical evidence and is in fact contrary to

empirical evidence from other researchers. No diffe-

rence in either subjectively or objectively measured

sexual arousal or sexual sensory awareness was

found between men with PE and men without PE in

a laboratory setting [85,91,96]. In direct contradic-

tion to this theory, Kockott et al. found that men with

severe PE demonstrated higher objective and subjec-

tive measures of arousal than men with erectile dys-

functions or normal control subjects [92, 97]. This

study was limited, however, to solitary stimulation

without ejaculation making extrapolation of results

to ejaculation during sexual intercourse difficult. All

published studies ignore the possibility that the pre-

sence of anxiety in men with PE may just as likely be

the result of PE as the cause and fail to establish the

direction of the presumed causal relationship.

2. EARLY SEXUAL EXPERIENCE

Masters and Johnson were the first of several resear-

chers to suggest that early sexual experiences cha-

racterized by anxiety and rush, might condition men

to develop a subsequent pattern of early ejaculation

[86,98]. However, no empirical evidence was offered

to support this hypothesis and no distinction was

made between men with lifelong PE and men with

acquired PE. All researchers failed to recognise that

anxiety and rush define the early sexual experiences

of most men. Furthermore, the early sexual histories

of a control group of men with subsequent normal

ejaculatory control were not examined to determine

whether early conditioning experiences are unique to

men with PE. Williams reported a small cases series

of four men with acquired PE and suggested that

some men might initially condition themselves to

ejaculate quickly due to their perception that their

partner was sexually disinterested, and remain sub-

sequently unable to control ejaculation when the ini-

tial negative circumstances were no longer present

[89]. The resultant sexual anxiety and concern about

the legitimacy of the partner’s renewed sexual inter-

est might serve to maintain the PE.

3. FREQUENCY OF SEXUAL INTERCOURSE

The evidence to support a link between ejaculatory

control and frequency of sexual activity is conflic-

ting. Speiss reported that the frequency of sexual

activity in men with PE is lower than age-matched

controls with normal ejaculatory control whereas

Strassberg failed to demonstrate any relationship

[85,96]. The mechanism of this relationship  is yet to

be characterised but may include reduced perfor-

mance anxiety, a higher ejaculatory threshold or

superior ejaculatory control due to earlier and super-

ior recognition of prodromal ejaculatory sensations.

Consistent with these observations, McMahon and

Touma in a placebo controlled cross-over study of

the efficacy of paroxetine in treating PE, reported

that the pre-treatment frequency of sexual intercour-

se increased from 0.5 to 3.2 times per week with

paroxetine but fell to pre-treatment levels with pla-

cebo [99]. The observation that men with PE may

develop a pattern of sexual avoidance may also

explain this reduced frequency of sexual intercourse

indicating that the polarity of the relationship bet-

ween PE and frequency of sexual activity remains

undetermined [97].

4. EJACULATORY CONTROL TECHNIQUES

Zilbergeld suggested that some men with adequate

ejaculatory control might consciously learn a variety

of effective sexual techniques for deferring ejacula-

tion during their early sexual experiences and

unconsciously continue to use those techniques sub-

sequently [88]. These techniques may include

thought distraction, pelvic floor muscle contraction

or alteration of the speed and /or depth of penile

vaginal thrusting. Data to support this hypothesis is

weak and studies to evaluate the use and effective-

ness of control techniques in men with PE is lacking.

• Evolutionary

Hong suggested that PE was the result of evolutiona-

ry natural selection, arguing that rapid intercourse

allowed insemination of more females with trans-

mission of a possible genetic basis for PE to more

offspring [100]. The observation that primate court-

ship and sexual contact are often extended is incon-

sistent with this hypothesis [101].

5. PSYCHODYNAMIC THEORIES

Abraham was the first to suggest a psychodynamic

basis of PE. He theorised that PE was the adult mani-

festation of unresolved and excessive narcissism

during infancy which resulted in exaggerated impor-

tance being placed on the penis and the associated

pleasure of urination [102]. He offered no empirical
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basis for this theory and subsequent studies by other

authors have failed to demonstrate any evidence for

his narcissism hypothesis [103]. Kaplan initially theo-

rised but later recanted a link between male anger and

hostility towards women and PE, suggesting that the

man both symbolically «soils» the woman and denies

her sexual pleasure as a result of an unconscious,

deep-seated hatred of women [87, 95].

6. PENILE HYPERSENSITIVITY

Multiple authors have proposed that men with PE

have hypersensitive penis’ and either reach ejacula-

tory threshold more rapidly or have a lower ejacula-

tory threshold than men with normal ejaculatory

control [91,102-104]. A limitation of the universal

applicability of this theory is its inability to explain

acquired PE.

Xin et al. demonstrated that men with early ejacula-

tion have lower biothesiometric vibration perception

thresholds and significantly shorter mean somato-

sensory evoked potential latency times of the glans

and penile shaft than controls [82, 105].  Paick et al.

and Rowland, however, were unable to reproduce

these findings, reporting no significant statistical dif-

ferences between normal controls and patients with

primary early ejaculation [81,106]. Several authors

have reported that penile sensitivity reduces with

ageing [104,107,108]. This is probably due to loss of

the fastest conducting peripheral sensory axons from

the third decade, dermal atrophy, myelin collagen

infiltration and pacinian corpuscle degeneration

[106]. Some researchers have suggested this obser-

vation as the reason why PE is reported more often

in younger men [90]. However, a more attractive

explanation of this observation is the presence of

greater anxiety and less frequent sexual activity in

the absence of a long-term relationship resulting in

fewer sexual opportunities to learn ejaculatory

control. Fanciullacci et al. measured significantly

higher amplitude cortical somatosensory evoked

potentials following penile electrical stimulation in

men with severe lifelong PE compared to control

subjects [109]. They hypothesized that men with PE

have a greater representation of the penile sensory

nerve supply in the cerebral cortex than controls, and

suggested this as an indication of an organic basis for

PE. Consistent with this is the report by Bradley that

the cortical distribution of the dorsal nerve of the

penis is larger in men with lifelong PE [110]. Brain

imaging with functional MRI and positron emission

tomography is required in humans to identify the

central control of the ejaculatory process in man.

Research in to the relationship between PE and peni-

le hypersensitivity has effectively excluded the

impact of other factors which may affect the level of

arousal achieved and the time required to reach and

the level of the ejaculatory threshold. These factors

include the extent of use of fantasy and other forms

of non-contact stimulation. If penile sensitivity were,

in fact, a cause of PE, men with PE would be expec-

ted to ejaculate more quickly than controls only in

situations where there was direct stimulation of the

penis. 

7. HYPER-EXCITABLE EJACULATORY REFLEX

Several authors have suggested that PE is due to a

defective and early ejaculatory reflex with a faster

emission and/or expulsion phase. Several authors

have reported a link between PE and a malfunctio-

ning bulbocavernosal reflex (BCR). The bulbocaver-

nosus muscle (BCM) surrounds the urethral bulb and

is one of several muscles responsible for the expulsi-

ve phase.  This hypothesis lacks a firm physiological

basis as the emission phase of the ejaculatory process

has already started by the time the BCM contracts.

Gospodinoff (1989) suggested that a faster bulboca-

vernosus reflex (BCR) might impede the process of

learning to control ejaculation [111]. One of the most

common treatments for PE, the squeeze technique, is

based on the assumption that PE is due to a defecti-

ve ejaculatory reflex [112]. Colpi et al. demonstrated

that men with lifelong PE, defined as ejaculating

within 15 thrusts of penetration, have higher ampli-

tude sacral evoked potentials measured through per-

ineal and perineal surface electrodes compared to

age-matched controls [113]. He concluded that men

with PE have a hyper-excitable BCR. However, the

sacral evoked potential latency in men with lifelong

PE did not differ from age-matched controls which is

inconsistent with this conclusion. Similar results

were reported by Fanciullacci et al [109]. A shorter

BCR latency time in men with lifelong PE compared

to men with acquired PE and normal controls was,

however, reported by Gospodinoff [111]. Unlike

Colpi et al., Gospodinoff’s study groups were not

age matched and the cohort of men with acquired PE

were 13 years younger than men with lifelong PE,

suggesting that the difference in these two groups

could be due to age-related degeneration of the affe-

rent and efferent nerves of the BCR. In addition, men

with acquired PE had a longer BCR latency time

than controls which is at odds with the suggestion

that PE is due to a hyper excitable ejaculatory reflex.
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8. AROUSABILITY

Laboratory studies using solitary stimulation during

audiovisual stimulation have failed to demonstrate

greater, more frequent or more rapid arousal in men

with PE compared to a control group of sexually

non-dysfunctional men [85]. 

9. ABNORMAL LEVELS OF SEX HORMONES

Although there are several reports of a possible link

between PE and levels of sexual hormones, a careful

review of the published literature fails to confirm any

causal link. Pirke failed to demonstrate any differen-

ce in the levels of free and total testosterone and

luteinizing hormone (LH) during serial sampling

between men with PE, ED or normal controls [114].

Cohen, however, reported that levels of free and total

testosterone, LH and Follicle Stimulating Hormone

(FSH) were reduced in men with PE. He also repor-

ted that 4 of 12 men with PE had elevated prolactin

levels and suggested that PE nay be the result of a

hypothalamic-pituitary disorder [115]. He subse-

quently reported that pharmacological treatment of

PE with a selective serotonin reuptake inhibitor

(SSRI) class drug improved ejaculatory latency and

elevated androgen and LH levels [116].

10. GENETIC PREDISPOSITION

A familial predisposition to early ejaculation was

first reported by Schapiro in 1943 [103]. Waldinger

reported that 10 of 14 first-degree male relatives of

men with lifelong PE also suffered from PE with an

IVELT of less than 1 minute [117]. Based on this

small study, the odds ratio of a familial occurrence of

PE far exceeds the incidence in the general commu-

nity and supports Schapiro’s contention that PE may

have a genetic basis.

11. 5-HT RECEPTOR SENSITIVITY

The current understanding of the functional neuroa-

natomy and the role of central serotonin and dopa-

mine neurotransmission in ejaculation are based on

male rat studies. The hypothalamic medial preoptic

area (MPOA) and the medullary nucleus paragigan-

tocellularis (nPGI) in the ventral medulla have pivo-

tal roles in the central control of ejaculation

[118,119]. Electrical stimulation of or microinjection

of dopamine agonists into the medial preoptic area

promotes ejaculation [120]. It has been suggested

descending serotonergic pathways from the nPGI to

the lumbosacral motor nuclei tonically inhibit ejacu-

lation and that disinhibition of the nucleus paragi-

gantocellularis results in ejaculation [20]. The preva-

lence of serotonergic neurons in the nPGI and the

observation that selective serotonin re-uptake inhibi-

tor class drugs inhibit ejaculation, suggests that the

nPGI is a possible site of action of these drugs [22].

Coolen et al identified ejaculation initiated neural

activation in several brain regions after ejaculation,

including the posterodorsal medial amygdala, the

posteromedial bed nucleus of the stria terminalis,

and the medial parvicellular subparafascicular

nucleus of the thalamus [121-123]. It is likely that

afferent neurons ascend in the spinal cord to the

medial parvicellular subparafascicular nucleus and

the other brain areas mentioned and activate ejacula-

tion. These areas are extensively and reciprocally

interconnected and probably form the basis of an eja-

culation «brain circuit» [123]. 

Multiple dopamine and 5-HT receptor types have

been identified. Studies using highly selective 5-HT

receptor agonists and antagonists have identified a

pivotal role of 5-HT2C and 5-HT1A receptors in the

central control of ejaculation.  Stimulation of the 5-

HT2C receptors in male rats with non-selective 5-

HT2C agonists such as d-lysergic acid diethylamide

and quipazine, delays ejaculation [124]. Contrary to

this, activation of postsynaptic 5-HT1A receptors by

the selective 5-HT1A receptor agonist 8-hydroxy-2-

(di-n-propylaminotetralin) in male rats facilitates

ejaculation [125]. Waldinger et al hypothesised that

lifelong early ejaculation in humans may be explai-

ned by either hyposensitivity of the 5-HT2C and/or

hypersensitivity of the 5-HT1A receptor [124]. They

suggested that men with low 5-HT neurotransmis-

sion and probable 5-HT2C receptor hyposensitivity

may have their ejaculatory threshold genetically

«set» at a lower point and ejaculate quickly and with

minimal stimulation and often prior to reaching their

erectile threshold. Men with a genetically determi-

ned higher set point men can sustain more prolonged

and higher levels of sexual stimulation and can exert

more control over ejaculation. Finally, men with a

very high set point may experience delayed or absent

ejaculation despite prolonged sexual stimulation and

achieving a full erection [126]. Treatment with an

SSRI class drug will activate the 5-HT2C receptor,

adjust the ejaculatory threshold set point and delay

ejaculation. The extent of ejaculatory delay may vary

widely in different men according to the dosage and

frequency of administration of SSRI and the geneti-

cally determined ejaculatory threshold set point.

Cessation of treatment results in re-establishment of

the previous set point within 5-7 days in men with
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life long PE. Identification of the specific 5-HT

receptor subtypes involved in early ejaculation is

only possible by administering subtype selective 5-

HT2C or 5-HT1A receptor ligands. Unfortunately

these agents are not yet available for human use.

1. THE RATIONALE FOR PSYCHOLOGICAL/

BEHAVIORAL STRATEGIES

Even though a physiological basis for some types of

PE has been suspected for years [130,131], until

recently treatment options relied, quite understanda-

bly, mainly on behavioral and psychological proce-

dures. First, psychological factors such as anxiety

and negative affect have frequently been associated

with sexual dysfunctions such as PE [1,132] and the-

refore treatment addressing such issues has represen-

ted a logically consistent approach. In contrast there

had been little or no evidence pointing to a physiolo-

gical mechanism that might underlie PE. Second,

until the past five years, few tested and well-tolera-

ted biologically based therapeutic procedures were

available to clinicians for the treatment of PE. And

third, the psychological-behavioral strategies for

treating PE have been at least moderately successful

in alleviating the dysfunction [133]. 

Although the new and often more expedient pharma-

cological therapies are overshadowing these traditio-

nal psychological-behavioral methods in the treatment

of PE, the psychological-behavioral approach remains

an attractive option for several reasons. The treatment

is specific to the problem, is neither harmful nor pain-

ful, is less dependent on the man’s medical history,

produces minimal or no adverse side effects, encou-

rages open communication about sexuality in the

couple which is likely to lead to a more satisfying

sexual relationship [134,135], and has a permanence

about it. Once the techniques have been learned and

incorporated into lovemaking, PE men continue to

have access to strategies that help them control their

ejaculation. At the same time, there are drawbacks to

the psychological-behavioral approach: it is time-

consuming, often requires substantial resources of

both time and money, lacks immediacy, requires the

partner’s cooperation, and has mixed (and less well-

documented) efficacy [136, 137].

2. EMPIRICALLY SUPPORTED PSYCHOLOGICAL

APPROACHES

In addition to countering the current trend toward

pharmacotherapeutic treatment for PE, clinical prac-

titioners considering the use of behavioral and psy-

chological strategies as part of their treatment proto-

col face particular difficulties. Strong pressure exists

to provide a therapeutic treatment that falls within

today’s cost containment managed care environment

and that meets the criteria of being empirically vali-

dated or at least empirically supported. To be consi-

dered “empirically supported,” a therapeutic approa-

ch must be backed by (1) at least two studies sho-

wing it more effective than a waiting-list control

group, or (2) at least two studies demonstrating

effectiveness but which may have flawed sample

heterogeneity, or (3) by a series of case studies in

which the client sample was clearly specified and the

treatment procedure described in a detailed manual. 

Because of the tension between therapeutic and

research objectives, it has been difficult to conduct

carefully controlled, well-conceived studies that

simultaneously provide needed treatment to clients

whose lives are being adversely affected by their PE.

As a result, there have been no treatment vs. mat-

ched-control tests of behavioral-psychological thera-

py on PE men, and relatively few self-as-control,

waiting list, or even no-control studies [138]. More

importantly, the lack of specific treatment protocols

and of research funds to carry out well-designed stu-

dies to test those protocols has diminished the attrac-

tiveness of these approaches relative to evolving

pharmacological strategies [139,140]. 

Two psychological-behavioral strategies enjoying

substantial popularity among sex therapists have at

least come close to meeting the criteria of empirical-

ly-supported. The first is the stop-squeeze method,

developed by Semans [141] and later adopted by

Masters & Johnson [86] in their sex therapy clinic.

The second method, advocated by Kaplan [1], is the

stop-pause method. Both methods suppress the urge

to ejaculate by stopping sexual stimulation, but the

former substitutes a squeeze of the glans penis for a

pause in stimulation at the point of impending ejacu-

lation. 

• Details of successful psychological-behavioral

methods of treatment for PE

The stop-squeeze method calls for the man to signal

his partner as the ejaculatory urge builds. The couple

then stops the sexual stimulation and the partner

applies manual pressure to the glans of the penis

until the urge is reduced, though not to the point

where the erection is lost. Different amounts of time

for the squeeze have been advocated, but there is no

evidence to support any particular duration. Rather,

III. PSYCHOLOGICAL TREATMENT

OF PREMATURE EJACULATION
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an individualistic approach that balances urge reduc-

tion while maintaining a moderate level of sexual

arousal appears most effective [142]. With this stra-

tegy, the man must pay careful attention to his sexual

sensations and stop activity well before ejaculatory

inevitability. The stop-squeeze method is typically

employed first with masturbation in a cycle of three

pauses before proceeding to orgasm. Once success-

ful, the method then progresses to a cycle of two

pauses with intercourse in the female superior posi-

tion, and finally to a cycle of two pauses with inter-

course in the lateral position. This training requires

an almost exclusive focus on the male’s experience

of sexual stimulation and needs. While Masters and

Johnson’s initial report of only a 2% short-term fai-

lure rate and 3% long-term failure for the stop-

squeeze method revolutionized a field of PE treat-

ment, subsequent studies have reported much lower

success rates, in the neighborhood of 50-60% [143-

145]. Long term success rates may be even lower.

Undoubtedly, the success rates reported by Masters

and Johnson were influenced by their carefully-

selected clients, the intense format of their treatment,

and the relatively high sexual naiveté of couples

common during that era. 

The start-stop behavioral approach to the treatment

of PE men was developed by Kaplan [132] because

it better simulated the final behaviors required to

prolong ejaculation latency during intercourse.

Weekly outpatient therapy resulted in a high success

rate (80-90%) in men with primary, generalized PE

(i.e., with all partners and often during masturba-

tion). The combination of the stop-start method with

marital therapy for couples who showed “resistance”

(discussed below) during the treatment process was

also quite successful in men with secondary early

ejaculation [1,132]. Although Kaplan’s high success

rates have been challenged, the differential proce-

dures for patients with primary versus secondary

appears to be a robust finding [145].

Detailed descriptions of both the stop-squeeze and

start-stop behavioral methods have been provided in

the literature [139, 142,144], with different therapists

emphasizing their own variations. Some therapists

advocate using techniques such as slowing down,

breathing deeply, or moving [144] in a circular

fashion, techniques that many men without PE deve-

lop without conscious awareness [144]. Others advo-

cate adding a stage of ejaculatory control training

with oral sex as an intermediate step between mas-

turbation and coitus for couples who are comfortable

with this particular activity [142]. Still others empha-

size the importance of providing the couple with

accurate information about the sexual response cycle

and its physiological underpinnings [146,147].

Almost all agree that intercourse position is a rele-

vant factor: the female superior and lateral positions

allow for greater control than the male superior posi-

tion [144,148].  

3. PARAMETERS AFFECTING TREATMENT

The general procedures described above rather than

any specific variations have received the strongest

empirical support for effective treatment of PE. Fur-

thermore, the purported lack of efficacy of various

psychological/behavioral strategies may result less

from the specific behavioral techniques associated

with stop-squeeze/stop methods and more to a lack

of attention to the parameters and context surroun-

ding the treatment. In addition, long-term complian-

ce is likely to be as much a mitigating factor for

behavioral and psychological efficacy as it is with

pharmacotherapeutic efficacy. 

Three factors are important to successful outcomes

when behavioral and psychological strategies are

used. First, the man’s attention to and awareness of

sexual and visceral sensations must be heightened.

Second, the couple must de-emphasize the focus on

coitus and develop a broader range of sexual expres-

sion. And third, the man, and to a lesser degree his

partner, must develop alternative cognitive and beha-

vioral strategies to enhance ejaculatory control.

Beyond these specific techniques, the man’s motiva-

tion for treatment and openness to behavioral inter-

ventions and the partner’s positive assessment of the

relationship are significant predictors of positive the-

rapeutic outcomes. 

Beyond these broad factors described above, other

parameters appear to maximize treatment efficacy

with psychological-behavioral strategies.

4. FREQUENCY AND INTENSITY OF

TREATMENT

The two-week inpatient/intensive outpatient format

originally described by Masters and Johnson offers

advantages of great intensity and rapid change.

Nevertheless, time, cost, and insurance factors make

it unrealistic for most couples [142]. However,

research does suggest that long intervals between

sessions (bi-weekly or monthly) are insufficient

during the early phase of therapy. The most effective

treatment begins with 1-2 weekly sessions in order to

provide adequate support for the change process, to
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allow time for the couple to practice behavioral assi-

gnments at home, and to “unlearn” adjunctive beha-

viors (discussed below) that might exacerbate the

dysfunction. 

Because the long term benefits of psychological-

behavioral treatment for PE often decline over time,

treatment that lacks sufficient intensity or duration

increases the likelihood of a “relapse,” that is, a reap-

pearance of early ejaculation symptomology [144].

In fact, such relapses are common in PE men. Yet, if

the couple is not adequately prepared, the resulting

setback can lead to sexual avoidance, the develop-

ment of erectile dysfunction, and other adverse

secondary effects. Strategies from the relapse pre-

vention model [149], originally developed for the

management of substance abuse, suggest that initial

treatment intensity and duration should be designed

to reduce the likelihood of relapse. For example,

weekly treatment should continue until marked pro-

gress is made. Then, larger treatment intervals serve

to maintain change and deal with difficulties that

arise, with periodic sessions continuing six months

after success is attained [144,146]. A further implica-

tion of the relapse prevention model is the need to

plan for an appropriate response, should relapse

occur. This includes decreasing the negativity asso-

ciated with the setback by predicting its occurrence

and assisting the couple in developing coping strate-

gies to deal with the relapse. If follow-up appoint-

ments are yet continuing, the couple’s success in

dealing with the relapse should be discussed in the

session; if treatment has ended, the couple should be

instructed to resume therapy if they are unable to

cope with relapses.

5. TREATMENT FORMATS

A number of alternative formats for the treatment of

PE have been investigated, including the use of

bibliotherapy, group versus individual therapy,

couples versus individual therapy, and marital versus

sex therapy. Clinical research supports the use of

bibliotherapy combined with some type of therapist

contact for men having high motivation and relative-

ly straightforward PE without co-morbid disorders

[142]. However, PE men who have complicating fac-

tors such as individual or relationship difficulties

(which includes the majority of sex therapy clients)

or concomitant erectile problems benefit less from

reliance on this format.

Data on group (vs. individual) treatment for early

ejaculation are mixed. Some investigations have

found the two formats equivalent whereas others

have not [144]. Use of group therapy is primarily a

matter of the couple’s preference and openness to

receiving treatment in this structure. Some couples

benefit from knowing their sexual problems are not

unique and from hearing how other couples deal with

them. A group format also provides an opportunity

for men and women to meet with same-sex peers. On

the other hand, most men find PE a highly sensitive

issue (as is the couple’s overall sexuality) and are not

comfortable discussing the topic in the presence of

others. At present, the research literature cannot be

used to defend either an exclusive use of a group for-

mat (which certain insurance plans might prefer) or

an exclusive avoidance of group format (which some

practitioners might prefer).

Treatment of PE in an individual format, however, is

not as successful as working with couples. Individual

treatment in the absence of a partner precludes the

opportunity to practice behavioral and cognitive stra-

tegies in-situ. Still, instances arise when individuals

are bothered by their PE and thus seek treatment

without a partner. In such instances the stop-squeeze

and stop-pause techniques may be adapted to mas-

turbation, especially when intensity of arousal is

enhanced by adding a lubricant and using erotic lite-

rature or fantasy [139]. This self-sexuality training

can be complemented with education about the

female and male sexual response cycles. Training of

ejaculatory control through masturbation typically

entails a goal of 15 minutes of sexual stimulation of

varying intensity before reaching orgasm.

The relative importance of marital vs. sex therapy is

an issue that has received some attention from

researchers, but results are not sufficiently clear to

yield specific answers. The question may be framed

in the following way: Does marital therapy lead to

enhanced sexual functioning or does sex therapy lead

to enhance marital functioning. Generally, marital

therapy prior to sex therapy for couples with signifi-

cant relationship issues leads to better outcomes in

sexual functioning, while marital therapy in non-dis-

tressed couples does not typically lead to improved

sexual functioning. Conversely, sex therapy in non-

distressed couples often does lead to improved mari-

tal functioning.  

6. DEALING WITH RESISTANCE, INCLUDING

PRIOR SELF-STRATEGIES

Some patients who seek counseling for PE exhibit

various forms of “resistance” to the traditional beha-

vioral approaches. Sources for this resistance include
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situations where the dysfunction maintains a sexual

equilibrium or hides the female partner’s sexual

disorder or concerns; where the individual or couple

has unrealistic expectations about sexual performan-

ce; where major relationship problems exist; where

partner deceit is present; and where PE is the conse-

quence of a major health problem [133]. Given the

increasing attention to emerging pharmacological

solutions for sexual problems, the refusal to reasona-

bly explore cognitive/behavioral and relationship

issues and the insistence on taking the “right pill” are

becoming new sources of resistance.

Related to the concept of treatment resistance is the

issue of “home remedies.” Prior to treatment, PE

men may adopt coping strategies that actually wor-

sen the condition [135], that is, the attempted solu-

tions contribute to rather than ameliorate the problem

[150]. For example, most PE men assume that

paying less attention to the sexual stimuli through

active distraction might help control their ejacula-

tion. Yet this strategy counteracts the greater atten-

tion to sexual sensations needed to gain control over

the timing of ejaculation. As a result, this remedy

typically leads to an unsatisfying orgasm as well as

PE, and may result in avoidance of sexual situations

altogether. A second home remedy involves harder

and faster thrusting by the man during his orgasm in

an attempt to satisfy his partner. This strategy

decreases the awareness of the sexual sensations of

the ejaculatory response needed to gain greater

control and reduces the enjoyment of the orgasm due

to increased anxiety and focus on sexual performan-

ce. A third home remedy is for the man to apologize

for the early ejaculation, an act that exacerbates exis-

ting feelings of anxiety and guilt, and is likely to lead

to avoidance. Many couples report that an exclusive

focus on the duration and quality of intercourse

directly contradicts a healthy focus on developing a

mutually satisfying sexual life. Indeed, a strong

focus on coitus is counterproductive, particularly

since many men without PE ejaculate within several

minutes of intromission and a sizable percentage of

women achieve orgasm through direct clitoral stimu-

lation, not through intercourse [135].

Kaplan’s work of combining sex therapy with inter-

personal approaches and accurate information about

sexual functioning provides a model for working

through these sources of resistance and challenging

the negative coping strategies that might have deve-

loped in response to the dysfunction. At times, the

“working through” process itself may result in pro-

gress even if the reason for the resistance is unclear.

But for most couples, a careful preliminary assess-

ment will help prepare the therapist for impediments

to progress that can arise within treatment [1].

7. TREATING THE PERSON VS. TREATING THE

PENIS

One of the great benefits of incorporating behavioral

and/or psychological counseling into a treatment

regime is that such approaches are more likely to

address the psychoaffective and relationship

concerns surrounding the dysfunctional response.

The affective component of sexual response has long

been theorized to play a role in causing or sustaining

sexual dysfunction in men [91,132,151], with recent

research verifying that compared with sexually func-

tional men, men with PE exhibit higher negative and

lower positive affect in response to erotic stimulation

[152,153]. What has been unclear is whether the high

negative and low positive affect in PE men is part of

the original etiology or cause of the dysfunction, or

whether it represents a reaction to failed genital res-

ponse that then serves to exacerbate the problem. 

Recent research actually supports both possibilities

[154]. For example, positive emotions such as plea-

sant/enjoyable increase in PE men who respond to

the ejaculatory-retarding effects of clomipramine

treatment, but negative affects such as guilt/embar-

rassed and tense/worried do not show comparable

decreases. In other words, pharmacotherapy appears

effective in reinstating positive emotional responses

to sexual stimuli in PE men, but negative emotions

are not diminished, even when ejaculatory latencies

are increased by as much as several minutes. Thus,

even when pharmacological treatment is effective,

further therapeutic strategies that emphasize open

communication and relaxation with the partner to

ease embarrassment and tension may further assist

the client in overcoming negative dispositions asso-

ciated with the dysfunction.

At a broader level, this study illustrates that the inter-

personal dynamics that result from the dysfunc-

tion—including such factors as avoidance of intima-

cy on the part of the man and subsequent anger and

distress on the part of the partner—may not always

be reversed by a genital solution. In such situations,

psychological and interpersonal issues may need to

be addressed, at least if increased sexual satisfaction

and an improved sexual relationship are viewed as

important outcomes. Equally important is the reco-

gnition that because pharmacotherapy can alleviate a

sexual dysfunction, the cause of their problem is not
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necessarily rooted in aberrant or dysfunctional biolo-

gical systems. Quite the contrary, sexual dysfunction

caused by any number of different somatic, psycho-

logical, or interpersonal factors may respond positi-

vely to pharmacotherapeutic intervention. That is,

any intervention targeted at the mechanics of ejacu-

lation is likely to be effective in rectifying the geni-

tal component of the problem, independent of its

cause [155].

8. EVALUATING TREATMENT

Because different types of treatment intervene at dif-

ferent stages in the dysfunctional response sequence

in PE men, the choice of outcome measures depends

partly on the specific treatment that is implemented.

A treatment plan for PE, for example, may primarily

address the endpoint of sexual satisfaction (e.g., with

a somatically based problem in which pharmacologi-

cal treatment is not an option). Alternatively, it could

address ejaculatory latency (e.g., pharmacological

treatment) which in turn affects sexual satisfaction,

or it might address ejaculatory control (e.g., beha-

vioral-cognitive techniques), which subsequently

affects both ejaculatory latency and sexual satisfac-

tion. For example, psychological-behavioral strate-

gies instruct patients in the use of mental imagery,

behavioral techniques (e.g., adjusting intercourse

position, using pauses, etc.), and relationship interac-

tions to develop greater control over the timing of

ejaculation. In achieving such control, IELT would

be lengthened and greater satisfaction attained. In

this treatment, all three measures—ejaculatory

control, IELT, and satisfaction—are relevant end-

points, as the focus of the intervention is on develo-

ping better ejaculatory control, which, in turn, affects

both IELT and satisfaction. Indeed, in using all three

measures, the researcher or clinician is better able to

verify the specific processes through which sexual

satisfaction, the ultimate endpoint, is affected.

In contrast, pharmacotherapeutic treatment is aimed

at inhibiting the ejaculatory reflex and may not

necessarily enable greater control over the timing of

ejaculation other than by delaying it. But, as with any

medical treatment in which the patient is a «passive»

recipient of a treatment procedure, pharmacothera-

py—in delaying the ejaculatory reflex—may give

the man with PE a greater sense of control over his

sexual problem. As a result, assessment of self-effi-

cacy by using a measure such as «ejaculatory

control» is perhaps less germane to pharmacotherapy

studies than assessment of the other two characteris-

tics of PE—ejaculation latency and general sexual

satisfaction. Indeed, research indicates that while

men who respond positively to the ejaculatory-inhi-

biting effects of clomipramine show substantial

increases in both IELT and satisfaction, the effect on

self-reported «ejaculatory control» tends to be

modest.[76,156]. Nevertheless, assessment of self-

efficacy in pharmacotherapy studies may be warran-

ted, as increased self-efficacy is undoubtedly related

to overall satisfaction with the treatment procedure.

However, self-efficacy in such studies might be bet-

ter assessed with items asking about «the ability to

delay ejaculation» or «the ability to control/avoid

early ejaculation» than with one that specifically

assesses «ability to control ejaculation (or its

timing).»  

1. SELECTIVE SEROTONIME REUPTAKE INHIBO-

TORS (SSRIS) (TABLE 5)

In 1943 Bernard Schapiro [103] described the use of

topical anaesthetic ointment to delay ejaculation.

The use of anaesthetics to diminish the sensitivity of

the glans penis is probably the oldest form to treat

early ejaculation. In 1973 the first report of success-

ful ejaculation delay by clomipramine was published

[157]. However, in the seventies and eighties of last

century, drug treatment of early ejaculation was not

very popular. The introduction of the selective sero-

tonine reuptake inhibitors (SSRIs) meant a revolutio-

nary change in the approach to and treatment of early

ejaculation. Selective serotonine reuptake inhibitors

encompass 5 compounds (citalopram, fluoxetine,

fluvoxamine, paroxetine and sertraline) with a simi-

lar pharmacological mechanism of action. In 1994

the first double-blind study was reported on the eja-

culation delaying effect of paroxetine [158]. In the

last decade all other SSRIs and clomipramine have

repeatedly been investigated in their propensity to

delay ejaculation [159-179]. There is some evidence

that fluvoxamine and citalopram have less effect in

delaying ejaculation than paroxetine, sertraline and

fluoxetine [166,169,177].

Although the methodology of the initial drug trea-

ment studies was rather poor, later double-blind and

placebo-controlled studies replicated the genuine

effect of clomipramine and SSRIs to delay ejacula-

tion. In spite of a development towards more eviden-

IV. PHARMACOLOGICAL

TREATMENT OF PREMATURE

EJACULATION
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ce based drug treatment research the majority of stu-

dies still lack adequate design and methodology

[72,180]. For the interpretation of drug treatment stu-

dies it is important to bear in mind that the outcome

values of the ejaculation time are dependent on both

gender (e.g. assessment by the male or his female

partner) and method (e.g. assessment by subjective

reporting, questionnaire, or stopwatch) [72]. A recent

systematic review and meta-analysis of all drug

treatment studies [180], clearly demonstrated that

single-blind and open design studies and studies

using subjective reporting or questionnaires showed

a higher variability in ejaculation delay than double-

blind studies in which the ejaculation delay was

prospectively assessed with a stopwatch. Of all 76

studies only 11 studies (14.4%) [94,164,169,177-

179],[181-185] have been performed according to

the established criteria of evidence based medicine

[180]. 

Nevertheless, in spite of the inaccuracy of most drug

treatment studies to assess the delay accurately, there

are 3 drug treatment strategies to treat early ejacula-

tion: 1) daily treatment with serotonergic antidepres-

sants 2) as-needed treatment with antidepressants

and 3) anaesthetic topical ointments
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Table 5. Level of Evidence - Drug Treatment for Premature Ejaculation – SSRI class drugs

Reference  Author/s Drug Level Of 

No. Evidence

76 Strassberg DS, de Gouveia Brazao CA, Rowland DL. et al. Clomipramine 1B

94 Cooper AJ, Magnus RV Propranolol 1B

99 McMahon CG, Touma K Paroxetine 1B

156 Haensel SM, Rowland DL, Kallan KTHK, Slob AK Clomipramine 1B

157 Eaton H. Clomipramine 3B

158 Waldinger MD, Hengeveld MW, Zwinderman AH. Paroxetine 1B

160 Goodman RE Clomipramine 1B

161 Porto R Clomipramine 1B

162 Girgis SM, El-Haggen S, El-Hermouzy S Clomipramine 1B

163 Assalian P Clomipramine 3B

164 Althof SE, Levine SB, Corty EW et al Clomipramine 1B

165 Mendels J, Camera A, Sikes C. Sertraline 1B

166 Kery S, Kozma A Citralopram 3B

167 Kara H, Aydin S, Agargun Y Fluoxetine 1B

168 Waldinger MD, Hengeveld MW, Zwinderman AH Paroxetine 1B

169 Waldinger MD, Hengeveld MW, Zwinderman AH Fluoxetine, Fluvoxamine, 

Paroxetine, Sertraline 1B

170 Haensel SM, Klem TMAL, Hop WCJ, Slob AK. Fluoxetine 1B

171 Biri H, Isen K, Sinik Z, Onaran M, Kupeli B, Bozkirli I Sertraline 1B

172 McMahon CG Sertraline 1B

173 McMahon CG Sertraline 1B

174 Kim SC, Seo KK Fluoxetine, Sertraline, 

Clomipramine 1B

175 Yilmaz Ugur, Tatlisen A, Turan H et al Fluoxetine 1B

176 McMahon CG, Touma K Parozetine 1B

177 Waldinger MD, Zwinderman AH, Olivier B Citalopram 1B

178 Novaretti JPT, Pompeo ACL, Arap S 1B

179 Atmaca M, Kuloglu M, Tezcan E, Semercioz A Citalopram 1B

180 Waldinger MD Meta-analysis 1A

183 Kara, H., Aydin, S., Yucel, M. et al Fluoxetine 1A

185 Greco E, Polonia-Balbi P, Speranza JC Levosulpiride 3B

186 Segraves RT, Saran A, Segraves K, Maguire E Clomipramine 1B

187 Kim SW, Paick J-S Sertraline 1B



a) Daily treatment with serotonergic 

antidepressants

Daily treatment can be performed with paroxetine

(20-40 mg), clomipramine (10-50 mg), sertraline

(50-100 mg) and fluoxetine (20-40 mg). Meta-analy-

sis of all drug treatment studies has demonstrated

that paroxetine exerts the strongest ejaculation delay.

Paroxetine, sertraline and fluoxetine may give rise to

side effects like fatigue, yawning, mild nausea, loose

stools or perspiration. These side effects often start in

the first week after intake and gradually disappear

within 2-3 weeks. Ejaculation delay with daily treat-

ment usually manifests itself at the end of the first or

second week and sometimes even earlier. With the

exception of fluoxetine, it is advised not to stop the

SSRIs acutely but gradually within 3-4 weeks, in

order to avoid withdrawal symptoms. Side effects of

clomipramine may consist of nausea, dry mouth and

fatigue. Sometimes clomipramine and the SSRIs

may give rise to reversible feelings of diminished

libido or moderate decreased rigidity of the penis. It

is advised to inform patients about all aforementio-

ned side effects when starting treatment.

b) On-demand treatment with antidepressants

Since 1993 only 8 studies [76,99,156,186-190] on

as-needed (on-demand)  treatment have been publi-

shed. Due to this limited number of studies and to

inadequate designs, a meta-analysis is insufficiently

powered to provide final conclusions with regard to

difference in efficacy and dose-relationships. In spite

of these scientific limitations it has been found that

clomipramine (10-50 mg) taken minimially 4-6

hours prior to intercourse may be efficacious lasting

for at least 15 hours. Another strategy  is the daily

use of paroxetine, sertraline and fluoxetine in a low

dose combined with as-needed higher doses shortly

before intercourse.

Based on the rating of the Level of Evidence of the

studies reviewed, treatment of early ejaculation with

the SSRI class drugs, paroxetine, sertraline, fluoxeti-

ne and citalopram, and the serotonergic tricylic anti-

depressant, clomipramine, has a Grade A recommen-

dation.

2. TOPICAL LOCAL ANAESTHETICS (TABLE 6)

Application of the topical anaesthetics to the penis

virtually abolishes the display of penile reflexes in

rats [191]. Sachs and Liu demonstrated that division

of the sensory branches of the pudendal nerves seve-

rely impaired the ability of male rats to achieve intro-

mission, and hence ejaculation [192]. Weidner repor-

ted that ejaculatory response to penile vibrotactile

stimulation in spinal cord injured men requires the

presence of intact dorsal penile nerves [193].

The use of topical local anaesthetics such as ligno-

caine and/or prilocaine as a cream, gel or spray is

well established and they appear moderately effecti-

ve in retarding ejaculation, but do so at the price of

possibly causing significant penile hypo-anaesthesia,

and possible transvaginal absorption, resulting in

vaginal numbness and resultant female anorgasmia

unless a condom is use [194-198]. Atan et al. repor-

ted the combined use of fluoxetine and topical lido-

caine in 43 men with PE. Seventy two percent of the

fluoxetine treated improved as opposed to 83.3 % of

the fluoxetine/lidocaine group [199].

Xin et al. reported significantly improved ejaculato-

ry control in 89.2% of patients treated with SS-cream

[200,201]. SS-cream is made with extracts from nine

natural herbs - Ginseng radix alba, Angelicae gigan-

tic radix, Cistanchis herba, Zanthoxylli fructus, Tor-

lidis semen, Asiasari radix, Caryophylli flos, Cinna-

moni cortex and Bufonis veneum. Some of these

herbs have local anaesthetic properties. It is applied
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Table 6. Level of Evidence - Drug Treatment for Premature Ejaculation – Topical Local Anaesthetics

Reference  Author/s Drug Level of 

No. Evidence

184 Choi HK, Jung GW, Moon KH. et al SS-Cream 1B

195 Atikeler, M. K., Gecit, I., Senol, F. A Prilocaine-lidocaine 1B

196 Damru, F Ethyl aminibenzoate

197 Berkovitch, M., Keresteci, A. G., Koren, G Prilocaine-lidocaine 1B

208 Sahin et al Prilocaine-lidocaine 3B

209 Atan, A., Basar, M. M., Aydoganli, L Fluoxetine, lidocaine 3B

200 Xin, Z. C., Choi, Y. D., Choi, H. K SS Cream 3B

201 Xin, Z. C., Choi, Y. D., Lee, S. H. et al SS Cream 1B

202 Xin, Z. C., Choi, Y. D., Seong, D. H. et al SS Cream 1B



to glans penis 1 hour before and washed off imme-

diately prior to coitus. Adverse effects were noted in

5.9% of patients which included mild local irritation

and delayed ejaculation. Both the latency and ampli-

tude of somatosensory evoked potentials measured

at the glans penis were increased over baseline after

the application of SS-cream [202]. 

Based on the rating of the Level of Evidence of the

studies reviewed, treatment of early ejaculation with

topical anaesthetics has a Grade A recommendation.

3. PHOSPHODIESTERASE INHIBITORS (TABLE 7)

Several authors have reported their experience with

sildenafil citrate as a treatment for PE [188,190,203].

Abdel-Hamid et al. compared the efficacy and safety

of the “on demand” clomipramine, sertraline,

paroxetine, sildenafil and the pause/squeeze tech-

nique in the treatment of lifelong early ejaculation in

a prospective randomised double blind crossover

study of 31 potent men [188]. Treatment with silde-

nafil was associated with a significantly higher

IVELT (15 minutes) and sexual satisfaction score

than all other treatments and sexual satisfaction

scores positively correlated with the IVELT for each

treatment. The lack of a placebo group, the estima-

tion of baseline IVELT by patient recall only and the

use of the EDITS treatment response inventory

which is validated for ED and not PE are major limi-

tations of this study. Many men with entirely normal

ejaculatory control will, as a result of inadequate

sexual education and/or unrealistic patient/partner

expectations incorrectly perceive themselves as

“early ejaculators”. 

In an open label study of 80 potent men, Salonia et

al. compared treatment with paroxetine alone using

initial chronic and then “on demand” dosing, with a

combination paroxetine and sildenafil, using the

same dosing regime for paroxetine and sildenafil

administered one hour prior to intercourse [190].

Both treatments significantly improved the ejacula-

tory latency time and intercourse satisfaction domain

of the IIEF. The combination of paroxetine and sil-

denafil produced superior results in both end points

at 6 months treatment and the authors suggested a

possible role of sildenafil in the treatment of early

ejaculation. 

Using a validated scoring inventory for the severity

of PE, Chen et al. studied 58 men with PE who were

previously refractory to psychosexual counselling

and pharmacological treatment [203]. Treatment

with sildenafil administered one hour prior to sexual

intercourse significantly improved the baseline

inventory score for the severity of PE.  The authors

suggest improved erectile function as the possible

mechanism and a potential role of sildenafil in the

treatment of early ejaculation.The proposed mecha-

nisms for the effect of sildenafil of ejaculatory laten-

cies include a central effect involving increased NO

and reduced sympathetic tone, smooth muscle dilata-

tion of the vas deferens and seminal vesicles which

may oppose sympathetic vasoconstriction and delay

ejaculation, reduced performance anxiety due to bet-

ter erections and down regulation of the erectile thre-

shold to a lower level of arousal allowing so that

increased levels of arousal are required to achieve

the ejaculation threshold. None of these studies are

placebo controlled and the results are confusing and

difficult to interpret. It is unlikely that phosphodies-

terase inhibitors have a significant role in the treat-

ment of PE with the exception of men with acquired

PE secondary to co-morbid ED. 

The results of a manufacturer sponsored double blind

placebo controlled multicentre study have yet to be

fully reported. Preliminary results show no signifi-

cant difference in the IVELT of sildenafil compared

to placebo but do demonstrate significant improve-

ments in the ejaculatory control domain and the eja-

culatory function global efficacy question. The latter

is possibly consistent with the erectile response of

sildenafil. 

Based on the rating of the Level of Evidence of the

studies reviewed, treatment of early ejaculation with

Phosphodiesterase inhibitors has a Grade C recom-

mendation.
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Table 7. Level of Evidence - Drug Treatment for Premature Ejaculation – Phosphodiesterase inhibitors

Reference  Author/s Drug Level of 

No. Evidence

188 Abdel-Hamid, I. A., El Naggar, E. A., El Gilany, A. H Sildenafil 2B

189 Chia SJ Sildenafil 2B

190 Salonia, A., Maga, T., Colombo, R. et al. Sildenafil 1B

203 Chen, J., Mabjeesh, N. J., Matzkin, H. et al Sildenafil 2B



Men with early ejaculation should be evaluated with

a detailed medical and sexual history, a physical exa-

mination and appropriate investigations to establish

the true presenting complaint, identify obvious bio-

logical causes such as medication or recent pelvic

surgery, and uncover sufficient detail to establish the

optimal treatment plan. (Figure 7)

Relevant information to obtain from the patient

includes:

1. A basic medical history, including use of prescri-

bed and recreational medications

2. The cultural context and developmental history of

the disorder, including whether the rapid ejacula-

tion is global or situational, lifelong or recent in its

development,

3. Measures of the quality of each of the three phases

of the sexual response cycle: desire, arousal, and

ejaculation, since the desire and arousal phases

may impact the ejaculatory response,

4. Details about the ejaculatory response, including

the patient’s subjective assessment of his intrava-

ginal ejaculatory latency time (IELT) and sense of

ejaculatory control, the level of sexual dissatisfac-

tion and distress, the frequency of sexual activity,

and so on,

5. The partner’s assessment of the situation, inclu-

ding whether the partner suffers from female

sexual dysfunction (FSD), and 

6. Assessment of the sexual and overall relationship

Comprehensive and helpful decision trees that incor-

porate inclusion and exclusion criteria and that

address most of the above points have recently been

published in several sources [71,127]. Several paper

and pencil instruments that enable the health provi-

der to tap into some or most of the specific domains

above are also available [128,129].

Although more typically used in the experimental

study of PE, psychophysiological and/or electrophy-

siological evaluation can sometimes play a limited

secondary role in the evaluation of early ejaculation.

For example, visual sexual and penile stimulation

administered in the laboratory elicits ejaculation in

nearly 60% of men self-identified as having PE,

compared with only about 8% of men having no eja-

culatory disorder [73, 75]. The former group also

reports a greater proximity to ejaculation and less

ejaculatory control in response to such stimulation.

In addition, PE men tend to exhibit stronger event-

related potentials (ERP’s) to stimulation of the affe-

rent pudendal nerves and shorter latencies in the

efferent processes involved in bulbocavernosal

contractions eliciting seminal expulsion [109, 111,

113]. Although most such evaluations can aid in the

understanding of potential causes or mediators of

PE, because they are time-consuming, labor intensi-

ve, and not yet reliably discriminating at an indivi-

dual level, it is too early to assume a role for these

procedures in the verification of a PE diagnosis. 

Men with rapid ejaculation secondary to erectile dys-

function, other sexual dysfunction or genitourinary

infection should receive appropriate etiology speci-

fic treatment. Men with lifelong rapid ejaculation

should be managed with pharmacotherapy. Men with

significant contributing psychogenic or relationship

factors may benefit from concomitant behavioural

therapy. Recurrence of rapid ejaculation is highly

likely to occur following withdrawal of treatment.

Men with acquired rapid ejaculation can be treated

with pharmacotherapy and/or behavioural therapy

according to patient/partner preference. Restoration

of ejaculatory control in men with acquired rapid eja-

culation is likely to occur following completion of

treatment but is the exception in men with lifelong

rapid ejaculation. Behavioural therapy may augment

pharmacotherapy to enhance relapse prevention.

Any psychological or medical disease or surgical

procedure which interferes with either central control

of ejaculation or the peripheral sympathetic nerve

supply to the vas and bladder neck, the somatic effe-

rent nerve supply to the pelvic floor or the somatic

afferent nerve supply to the penis can result in

delayed ejaculation, anejaculation and anorgasmia.

As such, the causes of delayed ejaculation, anejacu-

lation and anorgasmia are manifold (Table 8). The

progressive loss of the fast conducting peripheral

sensory axons which begins to be apparent in the

third decade of life, and the dermal atrophy, myelin

collagen infiltration and pacinian corpuscle degene-

ration observed in older men, may result in a degree

of age related degenerative penile hypo anaesthesia

D. DELAYED EJACULATION,

ANEJACULATION AND 

ANORGASMIA

V. THE OFFICE MANAGEMENT OF

PREMATURE EJACULATION
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PATIENT COMPLAINING OF PREMATURE

EJACULATION (PE)

Figure 7 : Management algorithm for premature ejaculation

PATIENT/PARTNER HISTORY

• Establish presenting complaint

• Intravaginal Ejaculatory Latency Time

• Perceived degree of ejaculatory control

• Degree of patient/partner distress

• Onset and duration of PE

• Psychosocial history

• Medical history

• Physical Examination

TREATMENT

First Line

BEHAVIOURAL THERAPY

• Stop/Start

• Squeeze Technique

• Sensate Focus

RELATIONSHIP COUNSELLING
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and difficulty in achieving the ejaculatory threshold

[65]. This is anecdotally exaggerated in men with ED

treated with intracavernous pharmacotherapy and is

often compounded by the loss of pelvic floor muscle

tone seen in the similar aged, post-menopausal and

often multiparous sexual partners of these men.

1. CONGENITAL DISORDERS

a) Mullerian duct obstruction

As the male foetus develops, the Mullerian ducts

normally disappear from above downwards under

the influence of Mullerian inhibitory factor (MIF)

which is produced by the Sertoli cells in the primiti-

ve testis. Failure of complete absorption may leave a

small Mullerian duct remnant at the lower end that

lies between the ejaculatory ducts. The Wolffian

(mesonephric) ducts are composed of three distinct

areas.  The upper part forms the epididymis and dis-

tal vas deferens, while the proximal vas deferens,

seminal vesicle and ejaculatory duct are derived

from the middle area.  The most caudal part is the

common mesonephric duct, from which the ureteric

bud springs at approximately 4 weeks of develop-

ment: this becomes the ureter, and will induce the

metanephric blastema to form the kidney.  The uro-

genital sinus reabsorbs the lower end of this structu-

re, and the ureteric orifices are thus separated from

the vasa deferentia, seminal vesicles and ejaculatory

ducts.  Several complex anomalies may occur in this

area leading to ectopic opening of the vas deferens

and sometimes associated with anorectal anomalies

[204]. If too much of the proximal vas precursor is

absorbed, a variable amount of the proximal vas,

seminal vesicle and/or ejaculatory duct may be

absent.  There may also be coexisting abnormalities

in the ipsilateral kidney or ureter.

Persistence of a small remnant of the Mullerian duct

may lead to a cyst forming between the ejaculatory

ducts which can become obstructed and cause dimi-

nution of the volume of the ejaculate and infertility.

Haemospermia is not uncommon in these patients.

Seminal analysis shows the changes characteristic of

ejaculatory duct obstruction with a small volume

(less than 1.5 ml), acid pH and little or no fructose.

Both vasa are palpable and the epididymes usually

feel distended.  The diagnosis is established by trans-

rectal ultrasound scan (TRUS), and the lesion can be

delineated by percutaneous puncture of the cyst with

instillation of radio-opaque medium (Figure 8). The

cyst can be incised or deroofed endoscopically after

delineating its extent by injection of blue dye (see

below).  Improvement in ejaculate volume and semi-

nal quality follows in most cases [205].

b) Wolffian duct abnormalities

Congenital anomalies may be either sporadic, with a

localized defect in the proximal part of the vas defe-

rens or there may be a generalized maldevelopment

due to a systemic genetic abnormality. Local Wolf-

fian duct abnormality involves loss of a variable

amount of the vas deferens, seminal vesicle and/or

ejaculatory duct, and sometimes part of the ipsilate-

ral urinary system as well. This may be associated

with maldevelopment of the bladder neck and trigo-

I. PATHOPHYSIOLOGY
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Table 8. Causes of Delayed Ejaculation, Anejaculation and

Anorgasmia

Psychogenic

Inhibited Ejaculation

Congenital

Mullerian duct cyst

Wolfian duct abnormaility

Prune belly syndrome

Anatomic Causes

Transurethral resection of prostate

Bladder Neck Incision

Neurogenic Causes

Diabetic autonomic neuropathy

Spinal cord injury

Radical prostatectomy

Proctocolectomy

Bilateral sympathectomy

Abdominal aortic aneurysmectomy

Para-aortic lympthadenectomy

Infective

Urethritis

Genitourinary tuberculosis

Schistosomiasis

Endocrine

Hypogonadism

Hypothyroidism

Medication

Alpha-methyl Dopa

Thiazide diuretics

Tricyclic and SSRI antidepressants

Phenothiazine

Alcohol abuse



ne, which fails to close effectively producing retro-

grade ejaculation.

Bilateral abnormalities are often associated with car-

riage of the cystic fibrosis gene [206]. Unilateral

absence of the vas deferens was observed in 5%, and

bilateral absence in 18% of 370 azoospermic males

with normal serum FSH levels investigated by the

author [207].

c) Prune Belly syndrome

Patients with prune belly syndrome have normal libi-

do, erections, and orgasms. Most have abnormal eja-

culation and probably emission. In a study involving

nine patients, seven had retrograde ejaculation and

two produced ejaculates [208]. Five patients provi-

ded semen or urine passed after masturbation. Two

produced ejaculated semen. One of the ejaculated

specimens consisted of 4.5 cc of fluid indistingui-

shable from urine and one was 2.5 cc of fluid with

the appearance of watery semen. Post masturbation

urine specimens were of normal urinary appearance.

None of the specimens contained sperm: no mention

was made of the fructose content. Abnormal ejacula-

tion thus appears to be present in the vast majority of

patients with prune belly syndrome. Whether the pri-

mary abnormality is retrograde ejaculation or lack of

emission is not clear

2. TRAUMATIC DAMAGE

a) Imperforate anus

Ejaculatory duct obstruction may follow correction

of imperforate anus. The pull through procedure

passes close to the posterior aspect of the prostate,

and damage is most likely if there has been closure

of a recto-urethral fistula. Analysis of 20 subfertile

males who had repair of imperforate anus in infancy

indicated that 7 had no ejaculate, 11 were azoosper-

mic, 1 was severely oligozoospermic and only 1 had

a normal sperm concentration in a very small volume

ejaculate [209]. Investigation revealed that both vasa

were blocked in 5 men and one vas in a further 8

patients, apparently as a result of the original opera-

tive procedure.

b) Operations on the prostate

Antegrade ejaculation requires a closed bladder neck

(and proximal urethra). Surgical procedures that

compromise the bladder neck closure mechanism

may result in retrograde ejaculation. Transurethral

incision of the prostate (TUIP) results in retrograde

ejaculation in 5% [210] to 45% [ 211] of patients and

is probably related to whether one or two incisions

are made and whether or not the incision includes

primarily the bladder neck or extends to the level of

the verumontanum. The importance of contraction of

the urethral smooth muscle at the level of the veru-

montanum has been hypothesized to be important in

preventing retrograde ejaculation [212]. Transure-

thral resection of the prostate (TURP) carries a

higher incidence of retrograde ejaculation than does

TUIP. The reported incidence of retrograde ejacula-

tion following TURP ranges from 42% [213] to

100% [214]. Although these men may have some

antegrade ejaculation and usually experience orgas-

mic sensation, both may be reduced as part of the

changes that occur in the male sexual response as a

man ages. Retrograde ejaculation and failure of

emission can be distinguished by examination of a

post masturbatory specimen of urine for the presen-

ce of spermatozoa and fructose. 

After radical prostatectomy, ejaculation is bound to

be lost since the seminal vesicles are removed with

the prostate gland. Erectile impotence was the rule

until detailed anatomical studies showed where the

parasympathetic nerves ran on the surface of the

prostate gland, and a nerve sparing operative tech-

nique was developed [215]. A sensation of orgasm is

often preserved despite loss of ejaculation.

Retrograde ejaculation can be surgically treated with

bladder neck reconstruction but results remain

consistently poor [215]. Drug treatment is the most

promising approach. As mentioned earlier, alpha-

adrenergic sympathetic nerves mediate both bladder

neck closure and emission. Several sympathomime-

tic agents have been described as useful with mixed

results [216]. These drugs include pseudoephedrine

and ephedrine, and phenylpropanolomine. These

agents work by stimulating the release of noradrena-

line from the nerve axon terminals but may also

directly stimulate both alpha- and beta-adrenergic

receptors. The most useful is pseudoephedrine which

is administered at a dose of 120 mg 2-2.5 hours pre-

coital. The tricyclic antidepressant, Imipramine

which blocks the reuptake of noradrenaline by the

axon from the synaptic cleft is also occasionally use-

ful [217]. The usual dose is 25mg twice daily. Cur-

rent feeling is that long-term treatment with imipra-

mine is likely to be more effective.  Whilst medical

treatment may not always produce normal ejacula-

tion it may result in some prograde ejaculation. In

patients who do not achieve antegrade ejaculation

with either surgery or medication, sperm retrieval

and artificial insemination is an alternative approach.

The basic method of sperm retrieval involves reco-
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very of urine by either catheter or voiding after mas-

turbation, and then centrifugation and isolation of the

sperm.

3. INFECTIVE DISORDERS

Genital infection such as gonorrhoea or non-specific

urethritis can produce cicatrisation and obstruction

anywhere in the male reproductive tract, especially if

treatment is delayed.  Urinary infection, especially if

complicated by epididymitis, can also produce obs-

truction that may be situated at ejaculatory duct

level. Routine vasography in subfertile men with

azoospermia and normal serum FSH levels revealed

post-infective vasal blocks in 8% and acquired eja-

culatory duct obstruction in 4% [207]. Schistosomia-

sis is endemic in large parts of Africa, and is seen

with increasing frequency in tourists returning from

Africa who have contracted the disease whilst

enjoying water sports. The disease may present with

haemospermia [218] and fibrosis and calcification

may lead to genital obstruction. Genito-urinary

tuberculosis can cause great damage to the male

reproductive tracts, and since healing occurs with

calcification, the lesions may be irreparable. Plain

X-ray will often show the extent of the disease.

Haemospermia is seldom as ominous a symptom as

haematuria, but this complaint should not be ignored.

Analysis of the findings in 81 patients revealed that

an inflammatory cause could be defined in most men

under 30 years of age; however, there were a few

(8%) with more serious disease including carcinoma

of prostate and bladder [219]. 

It should be remembered, also, that schistosomiasis

and tuberculosis could present in this way. Routine

investigation of haemospermia by TRUS not uncom-

monly reveals the presence of small stones in the eja-

culatory ducts, which may be associated with obs-

truction and dilatation of the seminal vesicles. Such

stones usually pass spontaneously.

4. NEUROLOGICAL DISORDERS

a) Spinal cord Injury

The ability to ejaculate is severely impaired by spi-

nal cord injury (SCI).  Bors and Comarr highlighted

the impact of the level and completeness of SCI on

the post injury erectile and ejaculatory capacity

(Table 9) [220,221]. Unlike erectile capacity, the

ability to ejaculate increases with descending levels

of spinal injury. Less than 5% of patients with com-

plete upper motor neuron lesions retain the ability to

ejaculate.  Ejaculation rates are higher (15%) in

patients with both a lower motor neuron lesions and

an intact thoracolumbar sympathetic outflow.

Approximately 22% of patients with an incomplete

upper motor neuron lesion and almost all men with

incomplete lower motor neuron lesions will retain

the ability to ejaculate.  In those patients who are

capable of successful ejaculation, the sensation of

orgasm may be absent and retrograde ejaculation

often occurs.  

Several techniques for obtaining semen from spinal

cord injured men with ejaculatory dysfunction have

been reported.  The intrathecal administration of the

anticholinesterase inhibitors neostigmine and subcu-

taneous physostigmine to induce ejaculation is more

of historical interest and is no longer used due to a

60% risk of autonomic dysreflexia, especially in men

with injuries above the T5 level [222,223]. Vibratory

stimulation is successful in obtaining semen in up to

70% of men with spinal cord injury [224]. This tech-

nique induces a reflexogenic ejaculation via the

sacral roots and the ejaculatory coordination centre

in the upper thoracolumbar spinal cord.  The use of

electro-ejaculation to obtain semen by electrical sti-

mulation of efferent sympathetic fibres of the hypo-

gastric plexus is an effective and safe method of

obtaining semen.  Brindley have reported that 71%

of men with spinal cord injury who underwent elec-

tro-ejaculation achieved ejaculation [225]. However,
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Table 9. Correlation of erection, ejaculation and intercourse with level and severity of spinal cord injury  [87]

Cord Lesion Reflexogenic Psychogenic Successful Ejaculation 

Erections (%) Erections (%) Coitus (%) (%)

Upper Motor Complete 92 9 66 1

Neuron Lesion Incomplete 93 48 86 22

Lower Motor Complete 0 24 33 15

Neuron Lesion Incomplete 0 1 100 100



both are associated with a significantly higher risk of

autonomic dysreflexia than electro-ejaculation. Pre-

treatment with a fast acting vasodilator such as nife-

dipine will minimise the risk of severe hypertension

should autonomic dysreflexia occur with either form

of treatment [226]. If the spinal reflex arc is intact, a

hypogastric plexus stimulator can provide ejacula-

tion in the comfort and security of the patients’home

[227]. Percutaneous aspiration of semen from the vas

deferens has also been reported as a means of har-

vesting semen for use with artificial reproductive

techniques [228].

Semen collected from men with spinal cord injury is

often initially senescent and of poor quality with a

low sperm count and reduced sperm motility but may

improve with subsequent ejaculations. This poor

semen quality may be due to chronic urinary tract

infection, sperm content with urine, chronic use of

various medications, elevated scrotal temperature

due to prolonged sitting and stasis of prostatic fluid.

Testicular biopsies in spinal cord injured men

demonstrate a wide range of testicular dysfunction

including hypospermatogenesis, maturation arrest,

atrophy of seminiferous tubules, germinal cell hypo-

plasia, interstitial fibrosis and Leydig cell hyperpla-

sia.  In addition prostatitis secondary to prolonged

catheterisation, epididymitis and epididymo-orchitis

can precipitate obstructive ductal lesions and testicu-

lar damage. Ohl et al reported that sperm density and

motility were higher in those with incomplete lesions

[229]. In a recent collective analysis of 40 paraplegic

patients, 22 successfully produced pregnancies by

natural insemination or assisted reproductive tech-

niques [230].

b) Para-aortic lymphadenectomy

This operation is usually done to clear lymph node

metastases from testicular tumours, when the sympa-

thetic nerves and ganglia may also be removed lea-

ding to loss of ejaculation.  Early studies showed that

up to three-quarters of patients lost antegrade ejacu-

lation after full bilateral retroperitoneal lymph node

dissection.  As a result of careful anatomical studies,

the technique of retroperitoneal lymph node dissec-

tion has been modified with nerve sparing so that

antegrade ejaculation is now maintained in 70-90%

of patients. 

One quarter of the patients who complete chemothe-

rapy for advanced testicular tumour have residual

masses in the para-aortic region [231]. Amongst 231

consecutive patients undergoing para-aortic lympha-

denectomy after chemotherapy at the Royal Marsden

Hospital, there was persistent undifferentiated

tumour in 21% [232]. In our experience of 186

patients, a nerve sparing operative technique intro-

duced in 1984 lead to a significant reduction in eja-

culatory dysfunction from 37% to 19% [233]. Loss

of ejaculation occurred significantly more often after

bilateral (46%) compared to unilateral (14%) dissec-

tion, and was related to the size of the excised mass

(<4 cm 4%; 4-8 cm 19%; >8 cm 60%). 

It is important to anticipate this complication in

young men with testicular tumours who may need

chemotherapy or node dissection, and arrangements

should be made for sperm storage before treatment

commences. Excellent results can be obtained with

artificial insemination using cryopreserved sperma-

tozoa [234].

5. FUNCTIONAL DISORDERS

a) Seminal megavesicles

Adult polycystic kidney disease has been found in

association with pathological dilatation of the semi-

nal vesicles in 6 patients [235]. TRUS and percuta-

neous puncture of the seminal vesicles before and

after resection of the ejaculatory ducts revealed that

the gross dilatation of the seminal vesicles was not

caused by obstruction, but appeared to be due to ato-

nicity (megavesicles). These ultrasonic appearances,

when described previously, were incorrectly thought

to be due to seminal vesicle cysts.  Pathological dila-

tation of the seminal vesicles in the absence of obs-

truction has been described previously, although the

aetiology remains obscure [236].

b) Radiotherapy for male pelvic cancer

Quality of Life (QoL) in general and sexual functio-

ning in particular have become very important in

cancer patients. Due to modern surgical techniques,

improved quality of drugs for chemotherapy and

very modern radiation techniques, more patients can

be successfully treated without largely compromi-

sing sexual functioning (Table 10).

• Prostate cancer

Prostate cancer (PC) has become the most common

non-skin malignancy in men in Western countries.

External-beam radiotherapy (EBRT) and brachythe-

rapy (BT) are together with the radical prostatectomy

(RP) the most common and effective treatments for

localized PC. Regardless of the introduction of very

modern radiotherapy (RT) techniques, sexual func-

tioning after PC treatment remains problematic for

many patients. Self-administered questionnaires
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have widely been used to evaluate sexual functioning

in patients after RT of PC. Nevertheless, such instru-

ments are highly variable and largely unvalidated.

These questionnaires elicited limited information

about aspects of sexuality other than erectile func-

tion. Although a deterioration of sexual activity has

been associated with the severity of ejaculatory dys-

function, particularly a decrease in volume or absen-

ce of semen [237], only a few questionnaires inclu-

ded items related to ejaculation and orgasm.

Already in the 1980s ejaculatory disturbances follo-

wing RT of PC were reported [238]. In the 1990s

more studies included items related to desire, ejacu-

lation and orgasm. After EBRT, a decline in sexual

desire was reported by 43% of 64 patients, a decrea-

sed frequency of orgasm by 57%; all men reported a

decrease in ejaculate volume [239]. By using a vali-

dated questionnaire, Borghede and Sullivan [240]

reported a decrease in the ability to ejaculate in 56%

of the patients. Good prognostic factors for sexual

functioning preservation following RT were low age

and higher frequency of intercourse.

Also in early BT studies sexual functioning was

assessed. Herr [241] reported already in 1979 on 51

patients treated with retropubic Iodium-125 seeds.

Loss of ejaculate was experienced by 6% of the

patients. In a later study dry ejaculation was reported

by 16% of the patients after BT [242]. In both stu-

dies, all patients had previously undergone a trans-

urethral resection of the prostate (TURP). For the

first time a discomfort with ejaculation was mentio-

ned in two studies (up to 25% of the patients) [243,

244]. This is quite common in clinical practice after

BT; it is due to edema of the prostate possibly redu-

cing the elasticity of the urethra and inducing dis-

comfort with ejaculation. In some patients discom-

fort with ejaculation did not disappear even 18-24

months after BT [245]. Also decreased interest in sex

and sexual desire, and libido was mentioned in up to

50% of the patients evaluated [240, 244-246].

There are a few data on the etiology of post-RT

decreased libido and ejaculatory disorders. Daniell et

al. [247] studied retrospectively levels of testostero-

ne (TST) and other hormone after RT of PC. TST

was found to be low 3 to 8 years after EBRT. Lower

levels were found in older patients. Although testes

are very sensitive to radiation, spermatogenesis is

more easily affected than androgen productions. The

radiation dose calculated in the testes of men irradia-

ted for PC is only 3-8% of the dose that could possi-

bly affect androgen production and explain a decrea-

se in TST. A TURP carries a high incidence of retro-

448

Table 10. Level of Evidence - Radiotherapy for male pelvic cancer

Reference  Author/s Cancer Level of 

No. Evidence

237 Arai Y, Kawakita M, Okada Y, et al. Prostate 2

238 Van Heeringen C, De Schryver A, et al. Prostate 2

239 Helgason AR, Fredrikson M, Adolfsson J, et al. Prostate 1

240 Borghede G, Hedelin H Prostate 1

241 Herr HW Prostate 2

241 Kwong EWH, Huh SH, Nobler MP, et al. Prostate 2

243 Kleinberg L, Wallner K, Roy J, et al. Prostate 1

245 Arterbery VE, Frazier A, Dalmia P, et al. Prostate 2

245 Beckendorf V, Hay M, Rozan R, Lagrange JL, et al. Prostate 2

246 Joly F, Brune D, Couette JE, et al. Prostate 2

247 Daniell HW, Clark JC, Pereira SE, et al. Prostate 1

248 Bonnel C, Parc YR, Pocard M, et al. Rectal 3

249 van Basten JP, Jonker-Pool G, van Driel MF, et al. Testicular 1

250 Schover LR, Gonzales M, von Eschenbach AC. Testicular 2

251 Jonker-Pool G, van Basten JP, Hoekstra HJ, et al. Testicular 1

252 Tinkler SD, Howard GCW, Kerr GR Testicular 2

253 Caffo O, Amichetti M Testicular 2

254 Incrocci L, Hop WCJ, Wijnmaalen A, et al. Testicular 2

234 Scammell GE, White N, Stedronska J et al. Testicular 2



grade ejaculation because it is thought to disrupt the

closure mechanism of the vesical neck; this could

explain ejaculatory disturbances in most patients fol-

lowing RT with previous TURP.

c) Rectal carcinoma

Not much is known about sexual functioning follo-

wing RT of rectal carcinoma. Pre-operative RT for

rectal cancer has been associated with a reduction in

the rate of local relapse, and possibly an advantage in

survival. Pre-operative RT with the total mesorectal

excision (TME) in low stage rectal cancer has beco-

me a common procedure in Europe. A sharp dissec-

tion of the mesorectum associated with visualization

and preservation of the pelvic autonomic nerve leads

to excellent results regarding erectile and ejaculatory

functioning. Only one study has specifically studied

the effects of pre-operative RT for rectal carcinoma

on male sexual functioning and concluded that it

may impair male sexual functioning [248]. Numbers

were too small to draw final conclusion.

d) Testicular cancer

Germ cell tumors of the testis are relatively rare

accounting for about 1% of all male cancers. The

long-term survival for early disease approaches

100%. Because testicular cancer affects mainly

young men in their sexual and fertile life, sexual

functioning and ejaculatory disorders are particular-

ly important. The side effects of retroperitoneal

lymph node dissection (RPLND) for residual mass

after chemotherapy for non-seminomatous cancer

are better documented than sexual sequelae of electi-

ve abdominal RT for seminoma. 

Dry ejaculation occurs in the majority of the patients

in non-nerve sparing techniques. As a result of care-

ful anatomical studies, the technique of RPLND has

been modified with nerve sparing so that antegrade

ejaculation is now maintained in 80-100% of patients

[249]. Libido and orgasm seem to be normal in these

patients.

Following RT a deterioration in sexual functioning

has been reported between 1% and 25% of the

patients [250-254]. Tinkler et al. reported on 237

patients after orchiectomy and abdominal RT and

compared these data to 402 age-matched controls

[252]. In almost all parameters studied including

erection, ejaculation and libido, patients scored less

than controls (reduction in orgasm, in libido, and

interest in sex). Specifically, there was no difference

in the ability to ejaculate during sexual activity but

the RT patients reported a noticeable reduction in the

amount of semen compared to before treatment

[252]. Caffo et al.evaluated toxicity and QoL of 143

patients treated for early-stage testicular cancer

[253]. Twenty-three per cent reported a decreased

libido, 27% problems with getting an orgasm and

38% ejaculation disturbances, including early ejacu-

lation (PE).  

A decrease in sexual desire, in orgasm and volume or

semen was negatively correlated with age [250]. Jon-

ker-Pool et al [251] reported on three groups of

patients, after RT, wait and see, and chemotherapy.

RT patients reported decreased libido in 22% com-

pared to 12% in the wait and see group and 30% in

the chemotherapy group. Decrease of absence of eja-

culate was reported in 15%, 7% and 21% in the three

groups, respectively; decreased orgasm in 15%, 12%

and 30%, respectively. Although the differences are

not statistically significant, in the RT group ejacula-

tion and orgasm disturbances are higher than in the

wait and see group. Similar results were reported by

Arai et al.[237]. 

PE was reported in up to half of the patients

[237,254], but it was the same as recalled before

treatment [254]. The superior hypogastric plexus is

responsible for ejaculation and it is mediated by the

sympathetic system; it is a fenestrated network of

fibres anterior of the lower abdominal aorta. 

The hypogastric nerves exit bilaterally at the inferior

pole of the superior hypogastric plexus, and have

connections with the S1-S2 roots. Normal emission

requires integrity of this system. During RPLND

these nerves are difficult to recognize and might be

damaged, resulting in decreased semen volume or

dry ejaculation. Pathways for ejaculation are inclu-

ded in the RT fields for rectal and prostate carcino-

mas. 

A damage of the sympathetic nerves could be caused

by radiation, but the dose does not seem enough to

completely explain the dysfunction. Orgasm is even

more complex than ejaculation since it is also affec-

ted by cortical input. Drug treatment for loss of eja-

culation is not very successful but electroejaculation

can produce spermatozoa for insemination.  

It is important to anticipate this complication in

young men with testicular tumors who may need

chemotherapy or node dissection. Arrangements

should be made for sperm collection and storage at

the earliest opportunity before treatment com-

mences. Excellent results can be obtained with artifi-

cial insemination using cryopreserved spermatozoa

[234].
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This section describes the definition, incidence, etio-

logy, and treatments for inhibited ejaculation (IE),

commonly known as delayed or retarded ejaculation.

The literature contained few randomized clinical

trials and despite the consensus conference’s strong

preference for evidence based medicine, adequate

summarizing of the etiological and treatment litera-

ture currently requires inclusion of expert opinion,

anecdotal and case study information, at this time.

Generally speaking, the information presented and

the interventions described may produce beneficial

results, but further evidence and evaluation is requi-

red. The specifics are delineated below and point the

way toward the necessary future research, which is

summarized at the conclusion of this sub-chapter.

There are multiple terms used to describe a delay or

absence of male orgasmic response.  Retarded ejacu-

lation, delayed ejaculation and inhibited ejaculation

as well as idiopathic anejaculation, primary impoten-

tia ejaculationis, and psychogenic anejaculation have

all been used essentially synonymously to describe

this problem in men.  Like the term  “early ejacula-

tion,” the most commonly used term “retarded eja-

culation” is often avoided because of its pejorative

associations. This sub-chapter will use the initials IE,

but the reader should understand that as of this

moment all investigators agree on what is being

named, but not the name itself.  

The Diagnostic and Statistical Manual of Mental

Disorders, 4th edition [69] defines inhibited ejacula-

tion (IE) as the persistent or recurrent difficulty,

delay in, or absence of attaining orgasm following

sufficient sexual stimulation, which causes personal

distress. Parenthetically, partially retarded ejacula-

tion is sometimes observed in men who attempt to

control a early ejaculation by suppressing the mus-

cular contractions associated with ejaculation. They

experience diminished pleasure and sensation as

semen is released during emission, but the ejaculato-

ry sensations are dulled through over control of stria-

ted muscle.  Failure of ejaculation can be a lifelong

primary event (e.g., congenital anorgasmia) or an

acquired or secondary problem. It can happen in

every sexual encounter or it may be intermittent.

Some men with secondary IE can masturbate to

orgasm; others, for a multiplicity of reasons, would

or could not masturbate.  Some men lose masturba-

tory capacity secondary to emotional or physical

trauma.  Some men have reported intermittent noc-

turnal emissions, and others were either unaware of -

or did not have - an orgasm nocturnally.  Coital anor-

gasmia was usually an issue for the extremely reli-

gious (e.g., Ultra-Orthodox Jews) referred for fertili-

ty problems, although this was not the case for other

men who were distressed by their inability to orgasm

in response to manual or oral stimulation by their

partner.  

• Incidence

Since the beginning of sex therapy, IE was seen as a

clinical rarity and difficult symptom to treat.[277]

Masters and Johnson [86] reported only 17 cases,

while Apfelbaum [277] reported 34 cases, and

Kaplan [278] fewer than 50 cases, in the history of

their practices. Perelman [279] reported over 100

cases, including both primary and secondary RE.

Simons & Carey [280] reviewed 52 studies showing

“community samples indicate a current prevalence

of “0-3% for male orgasmic disorder” versus 4%-5%

for early ejaculation.” They indicate that clinic popu-

lations may be characteristically higher.  The popula-

rity of urologic-based treatments for erectile dys-

function has resulted in an anecdotally reported, cli-

nically observed, unexpected increase in men suffe-

ring from IE [279].  IE, like other sexual dysfunc-

tions, is also likely to become more prevalent with

the aging of the world population [281].

IE is not yet well understood and there are a number

of etiological explanations, offering both psycholo-

gical and somatic explanations. 

1. DRUG INDUCED

It has been well known for years that adverse sexual

side effects of many drugs and alcohol cause delayed

or fully impaired orgasm in men and women (Table

5) [282-284]. This was especially true of psychotro-

pic medications [283,285-289]. 

2. BIOLOGICAL VARIABILITY

In addition to psychodynamic and interpersonal

II. ETIOLOGY

I. NOSOLOGY, DEFINITION AND

DESCRIPTION OF INHIBITED 

EJACULATION (IE)

E. INHIBITED EJACULATION

(IE)
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causes for IE, a biological etiology should also be

considered.  There is strong likelihood of biological

variability in the threshold of arousal necessary befo-

re experiencing orgasm.  Furthermore, it seems like-

ly that the dispersal pattern of ejaculatory latency

should resemble the same bell shaped distribution as

do so many other human characteristics. Extrapola-

ting from Waldinger’s  laboratory rat research, indi-

viduals experiencing either early ejaculation (PE) or

IE are likely to be biologically predisposed to their

symptom. The dysfunction becomes manifest given

certain external factors: medications, sexual circum-

stances, and intra- and interpersonal dynamics, etc

[279,290]. One could speculate that normal variation

in the function of the nervous systems responsible

for ejaculation could result in a somatically determi-

ned variation between men’s ejaculatory latency and

capacity.  Explanation of biologic predisposition is

often helpful by itself in reducing patient and partner

anxiety and mutual recriminations, while simulta-

neously assisting the formation of a therapeutic

alliance with the health care professional [279].

3. CULTURAL AND PSYCHOLOGICAL

ETIOLOGIES

a) Religious/culture.   

Masters & Johnson [86] first indicated that IE was

associated with orthodoxy of religious belief.

Beliefs may limit sexual experience necessary for

developing the knowledge necessary to learn to eja-

culate or may result in an inhibition of normal func-

tion. Regardless of specific religion involved (Mus-

lim, Hindu, Jewish, etc.), many devout religious men

have masturbated only minimally or not at all. Some

of these men masturbated for a period of years like

their secular counterparts, but guilt and anxiety about

“spilling seed” often resulted in idiosyncratic mas-

turbatory patterns, which in turn resulted in IE.

These men often had little contact with women prior

to marriage (which may have been arranged after a

few chaperoned dates). These very religious men

may date, but were less likely than their secular

counterparts to experience orgasm with a partner,

especially through intercourse. Some of these men

did sexually experiment with women who they did

not marry; however, their cognitions about these

women often reflected a «Madonna-whore» split. 

b) Concurrent psychopathology

Multiple explanations for IE have been offered, with

unconscious aggression and unexpressed anger

recurring as themes in the IE literature [291-294].

Additionally, pregnancy fears received emphasis,

since the reason for professional referral is often the

female partner’s wish to conceive. Finally, Ban-

croft’s [295] model of psychogenic factors in erecti-

le dysfunction depending on a delicate balance bet-

ween central excitatory and inhibiting mechanisms

would seem to have potential applicability to the

understanding of IE as well.

c) Insufficient sexual arousal

An excellent critical review of the psychological

etiology of IE was provided by Apfelbaum [277],

who provocatively first noted the sexual politic sur-

rounding IE and female anorgasmia: “Like the

women who has inappropriately been castigated for

willfully depriving her husband of the pleasure of

bringing her to orgasm.  The retarded ejaculator’s

own belief that he is withholding is widely endorsed,

understandably by his partners and less justifiably by

most therapists”.  Not only psychoanalysts, but sex

therapists and behavior therapists as well, seemed to

assume the IE patient’s orgasm is blocked, rather

than the patient’s level of arousal being insufficient. 

Apfelbaum [277] observed that some males appea-

red able to achieve erections sufficient for intercour-

se despite a relative absence of subjective arousal.

He felt these “automatic erections” were taken as

erroneous evidence by both the male and his partner

that the man was ready for sex and capable of achie-

ving orgasm. This same process is the likely cause of

increased anecdotal clinical reports of IE for patients

using popular urologic-based treatments for ED [2,

296]. Urologists received a few early complaints of

IE, secondary to successful penile prosthesis surgery

and ICI. However, Sildenafil brought huge numbers

of patients to physician’s offices. Many of these

patients experienced restored erections and coitus

with ejaculation.  While Sildenafil has been used

with some success to facilitate reversal of the antide-

pressant sexual adverse effects [297], the effect of

PDE 5 inhibitors may be bimodal [2,296].  The phe-

nomena of erection without adequate psycho emotio-

nal arousal occurred in some men using sildenafil

when they did not experience sufficient erotic stimu-

lation before and during coitus. These men confused

their erect state as an indication of sexual arousal

when, it merely indicated vasocongestive success [2,

296].

d) Masturbation

Apfelbaum [277] coined autosexual orientation to

describe men with IE who prefer masturbation to

partnered sex.  Perelman [296] discussed the role of
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fantasy, as well as masturbation frequency, motiva-

tion, and idiosyncratic technique in the etiology and

maintenance of IE. Many men with IE engage in sti-

mulation that was striking in the speed, pressure,

duration, and intensity necessary to produce an

orgasm, and dissimilar to what they experienced

with a partner. In this manner, they have preconditio-

ned themselves to likely difficulty with a partner and

experience secondary IE. Disparity between the rea-

lity of sex with the partner and the sexual fantasy

(whether unconventional or not) used during mastur-

bation is another cause of IE.  This disparity takes

many forms: body type, orientation, sex activity per-

formed, etc. Many men and women remain inhibited

about using their masturbatory fantasies when with

their partner. Yet like their female counterparts, when

anorgasmic men integrate their masturbation fanta-

sies into sex with their partner, orgasm is more like-

ly  [296].

e) Mixed etiology

It would seem that IE, like other sexual dysfunctions,

is best understood as being caused by an interaction

of both organic and psychogenic factors. A biologi-

cal set point for ejaculatory latency is impacted upon

by multiple organic and psychogenic factors in

varying combinations over the course of a man’s life

cycle. Appropriate assessment requires an apprecia-

tion of how each of these factors determines the end-

point dysfunction for a particular individual, at a par-

ticular moment in time.

Assessment begins by reviewing the conditions

under which the man is able to ejaculate, e.g., during

sleep, with masturbation, with partner’s hand or

mouth stimulation or infrequently with varying coi-

tal positions. The course of the problem is documen-

ted, and variables that improve or worsen perfor-

mance are noted. Questions concerning the man’s

ability to relax, sustain, and heighten arousal and the

degree to which he can concentrate on sensations are

posed [298]. If orgasmic attainment had been pos-

sible previously, the life events/circumstances tem-

porarily related to orgasmic cessation are reviewed.

The events in question maybe pharmaceutical, ill-

ness, or a variety of life stressors and other psycho-

logical factors e.g. following his wife’s mastectomy:

the man is afraid of hurting her and therefore only

partially aroused. Societal/religious attitudes that

may interfere with excitement are noted, such as the

spilling of seed as a sin.  Finally, questions concer-

ning the quality of the nonsexual relationship are

posed and problems explored. This assessment in

conjunction with appropriate physical examination

and laboratory results will provide understanding

and determine an appropriate treatment path.

Haemospermia requires full investigation. Culture of

expressed prostatic secretion and urine will define

the nature of an infective process such as prostatitis

[299] and urine cytology and serum prostate specific

antigen should be assayed to exclude bladder or

prostatic cancer. Ultrasound scan of the testicles and

epididymes should define any local disease. TRUS

will demonstrate structural abnormality in the pros-

tate or seminal vesicles, or may show up a stone in

the ejaculatory duct or even a Mullerian duct cyst.

Cystoscopy is seldom helpful.

If a man has difficulty with ejaculation, or has a

small volume or absent ejaculate, it must first be

established whether the problem is congenital or

acquired. A careful clinical history should be taken,

and physical examination will establish whether the

testicles and epididymes are normal, and whether the

vasa are present or absent, on each side. Next, it is

essential to establish whether there is retrograde or

completely absent ejaculation, by examination of a

deposit of urine after centrifugation. The presence of

spermatozoa indicates retrograde ejaculation. These

facts will allow the patient to be placed into one of

several broad categories, after which more detailed

evaluation can take place.

Patients with ejaculatory duct obstruction usually

present with infertility. Seminal analysis may simply

be reported a showing azoospermia or oligozoosper-

mia, but the characteristic biochemical changes

should be sought. There should be absence of part or

the entire component of the ejaculate that comes

from the vasa and seminal vesicles via the ejaculato-

ry ducts. The volume is low (usually less than 1.5

ml), the pH is low (less than 7) and the fructose

content is either low (less than 120 mg/100ml) or

absent. If both vasa are palpable, a diagnosis of eja-

culatory duct obstruction is very likely.  

When there is absence of the vasa, it is important to

establish whether the condition is unilateral or bila-

teral. With unilateral absence of the vas deferens, the

urinary system must also be checked by ultrasound

scanning, as coexisting renal anomalies may be pre-

sent [300]. With bilateral absence or malformation of

the vasa, it is essential to consider whether the ano-

maly may be part of a genetic defect associated with

carriage of the potentially harmful cystic fibrosis

chromosome anomaly  [206]. 

III. EVALUATION
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1. IMAGING IN EJACULATORY DUCT

OBSTRUCTION

The lesion may be suspected by finding distended

seminal vesicles on transrectal ultrasound scanning.

However, the exact site of obstruction should be

defined radiologically by vasography or percuta-

neous puncture of the seminal vesicles (Figures 8,

9). Subsequently, methylene blue dye may be instil-

led to outline the ejaculatory system so that it can be

recognized after it has been entered at transurethral

resection [301].

2. ELECTROPHYSIOLOGICAL EVALUATION OF

THE NERVOUS PATHWAYS CONTROLLING

EJACULATION

Neurophysiological tests allow objective evaluation

of the nervous pathways controlling ejaculation and

are occasionally of use in the evaluation of delayed

ejaculation or anejaculation. Four tests are routinely

used. 

a) Pudendal somatosensory evoked potentials

(Pudendal SEPs) 

Somatosensory evoked potentials (SEPs) are defined

as a transient alteration of the EEG following per-

ipheral nerve stimulation. They provide objective

information concerning the afferent volley from the

dorsal nerve of penis to the cortex. The technique

consists of electrical stimulation of the dorsal nerve

of penis with recording of the evoked responses over

the spine and the scalp (2 cm behind the central ver-

tex). First the sensibility threshold is measured. By

definition, the sensibility threshold is the lowest per-

ceivable sensation of the electrical current at the

point of stimulation. The latency of the response is

measured both at the onset of the response and the

peak of the first reproducible deflection. By recor-

ding the response at 2 different levels, 3 different

transit times are obtained: a total transit time (from

penis to brain), a peripheral transit time (from penis

to spine), and a central transit time (which is obtai-
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Figure 8 : Mullerian duct cyst shown by a. transrectal ultra-

sound scan, and b. percutaneous puncture (reproduced

from the British Journal of Urology with permission).

Figure 9 : Vasograms sho-

wing a) Normal seminal

vesicles and ejaculatory

ducts, b) Mullerian duct

cyst, c) Wolffian duct

abnormality with absence

of seminal vesicle, the

duct terminating in a cys-

tic malformation close to

the prostatic urethra, d)

seminal megavesicles

(reproduced from the Bri-

tish Journal of Urology

with permission).



ned by subtracting the peripheral from the total tran-

sit time). The peripheral transit time is approximate-

ly 13.5 ms. The total transit time is approximately 34

msec (onset) and 43 msec (top of P1 deflection)

[302, 303].

b) Pudendal motor evoked potentials  (Pudendal

MEPs)

Motor Evoked Potentials (MEPs) explore the effe-

rent pathways (pyramidal tracts) from brain to target

muscle (bulbocavernosus muscles). The technique

consists of stimulating the motor cortex and sacral

roots by means of a magneto-electric stimulator. For

brain stimulation, the coil is applied 2 cm behind the

vertex. For sacral root stimulation, the coil is applied

laterally to the spine. The response is picked up from

the bulbocavernosus muscles with co-axial EMG

needle electrodes. Brain stimulation is performed,

first at rest, and then during a voluntary contraction

of the pelvic floor (facilitation procedure). Sacral

root stimulation is performed only at rest. The res-

ponse is measured at the onset of the first reliable

deflection. By stimulating the central nervous system

at 2 levels, 3 different transit times will be obtained:

a total transit time (from brain to target muscle), a

peripheral transit time (from sacral roots to target

muscle) and a central transit time (obtained by sub-

tracting the peripheral from the total transit time).

The total transit time measured in the bulbocaverno-

sus muscles is respectively 28 msec (brain stimula-

tion patient at rest) and 23 msec (brain stimulation

patient contracting the pelvic floor). The peripheral

transit time is 7 msec (sacral root stimulation).[304]

c) Sacral reflex arc testing: the somatic-somatic

reflex arc 

The test allows the investigation of the sensory and

motor branch of the pudendal nerve and of the sacral

segments S2, S3, S4. The technique consists in sti-

mulating the dorsal nerve of the penis and recording

the response from the bulbocavernosus muscles. The

response consists usually of 2 deflections. The mean

latency of the first deflection is 35 msec, although a

late deflection is often observed at 80 msec [303,

305].

d) Sympathetic Skin Responses (SSRs) 

Electrical activity from the sympathetic nerve termi-

nals controlling the sweat glands of the skin can be

recorded following electrical stimulation of any per-

ipheral nerve trunk. The test allows evaluation of the

sympathetic efferent outflow to the skin of the geni-

tal organs. The dorsal nerve of the penis is stimula-

ted using 2 ring electrodes wrapped around the peni-

le shaft, the cathode being proximal. 

The stimulation consists of single electrical pulses

applied at a rate of 0.05 Hz. Sympathetic skin res-

ponses are recorded from hand, foot, and perineum

using disc electrodes affixed to the skin. Two tra-

cings are superimposed to check the reproducibility

of the response. The right median nerve is then sti-

mulated, and SSRs are recorded from the hand, foot,

perineum, and penis. The mean latency of hand, foot,

and perineum SSRs following dorsal nerve of the

penis stimulation are, respectively, 1.40 sec, 2 sec,

and 1.4 sec. Following median nerve stimulation, the

latency of penile SSRs is 1.50 sec [306, 307].

Treatment should be etiology specific and address

the issue of infertility in men of a reproductive age.

1. PSYCHOLOGICAL TREATMENT FOR

INHIBITED EJACULATION

Heiman and Meston’s [138] summary of sex therapy

treatments concluded that “inadequate data” on the

topic of delayed orgasm in men prevented any

conclusion regarding efficacy of treatment.  Howe-

ver, many treatments for IE have been suggested in

the psychotherapy literature, including early psycho-

dynamic and sex therapy approaches [86,301,308-

312]. Masters and Johnson [86] reported a low failu-

re rate of 17.6% using a treatment combination of

sensate focus, vigorous non-coital penile stimulation

and modifications of intercourse technique. In the

Ohl, et al. study, 81% of men who were anorgasmic

prior to fertility treatment were successful in rea-

ching orgasm through vibrator stimulation.[313]

Apfelbaum [277] treated almost all of his RE cases

with «body work» using sexual surrogates.  Perel-

man [296] reported retrospective chart review suc-

cess rates of over 80% in treating IE using a cogniti-

ve-behavioral sex therapy.  However, these were

uncontrolled case reports with treatment ranging

from a few brief sessions of sex education to the

nearly two years of multiple-modality treatment in

more complex multiple etiologic cases. 

Numerous drugs, herbs and medication dosing stra-

tegies have been reported to offset an iatrogenic

induced, antidepressant-related IE. Widespread use

of selective serotonin reuptake inhibitors (SSRI’s) in

the last decade has triggered tremendous interest in

IV. TREATMENT
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the effect of these antidepressants on sexual function

[288,314]. Additionally, case reports indicated suc-

cessful use of sildenafil to treat SSRI-induced orgas-

mic latency problems in men and women, with clini-

cal trials currently investigating this phenome-

non.[283,315,316] Recently, Nurnberg et al. [297]

published a prospective, parallel-group, randomized,

double-blind, placebo-controlled multi-center in

order to assess the efficacy of sildenafil citrate in

men with sexual dysfunction associated with the use

of selective and nonselective serotonin reuptake

inhibitor antidepressants. In this study, sildenafil

effectively improved erectile function and other

aspects of sexual function in men with sexual dys-

function associated with the use of SSRI antidepres-

sants.  While the endpoints used were very limited,

regarding the question of ejaculatory latency, this is

one of the few RCT studies to address this question

and accordingly becomes important.  It remains to be

seen whether sildenafil will be shown to be an orgas-

mogenic agent, however, it is probable that multiple

compounds will be developed to reduce orgasmic

threshold and assist us in treating people who have

difficulty reaching orgasm.  Indeed, some speculate

that a dopaminergic pathway might facilitate orgasm.  

2. DRUG TREATMENT

Whilst retrograde ejaculation can be surgically trea-

ted with bladder neck reconstruction, no surgical

procedure exists for the treatment of failed emission.

As is the case with retrograde ejaculation, drug treat-

ment is the most promising approach. Whilst medi-

cal treatment may not always produce normal ejacu-

lation it may convert a patient with lack of emission

into one with retrograde ejaculation and may result

in small amounts of viable sperm both of which can

be combined with standard artificial insemination

techniques to produce a pregnancy.

There are multiple reports in the literature of the use

of a variety of drugs in the treatment of delayed eja-

culation or anejaculation (Table 11). The drugs faci-

litate ejaculation by either a central dopaminergic or

anti-serotoninergic mechanism of action. There are

not published placebo controlled studies and most

are anecdotal case reports/series that dealing with the

treatment of SSRI induced ejaculatory dysfunction. 

Several authors have reported that the cerebral sero-

toninergic system exerts an inhibitory role on ejacu-

lation and male sexual activity in the rat model and

that the dopaminergic system, particularly that in the

anterior hypothalamus, has a facilitatory role [317,

318]. The ejaculatory dysfunction commonly asso-

ciated with the anti-hypertensive alpha-methyldopa

which reduces cerebral monamine levels by suppres-

sing the cerebral dopaminergic system is consistent

with these reports [176]. The occurrence of para-

doxical hyper sexuality, e.g. spontaneous orgasm,

with clomipramine and fluoxetine, however, suggest
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Table 11 Level of Evidence - Drug Treatment for Delayed Ejaculation

Reference  Author/s Drug Level of 

No. Evidence

321 McCormick, S., Olin, J., Brotman, A. W Cyproheptadine 4

322 Ashton, K., Hamer, R., Rosen, R Cyproheptadine 2B

323 Feder, R Cyproheptadine 4

324 Lauerma, H Cyproheptadine 4

325 Lauerma, H Cyproheptadine 4

326 Aizenberg, D., Zemishlany, Z., Weizman, A Cyproheptadine 4

329 Balon, R Amantadine 4

330 Shrivastava, R., Shrivastava, S., Overweg, N. et al. Amantadine 4

331 Valevski, A., Modai, I., Zbarski, E. et al.: Amantadine 4

332 Gitlin, M. J Amantadine 4

333 Balogh, S., Hendricks, S., Kang, J Amantadine 4

334 Price, J., Grunhaus, L. J Yohimbine 4

335 Jacobsen, F. M. Yohimbine 4

336 Hollander, E., McCarley, A. Yohimbine 4

337 Witkin, J. M., Perez, L. A. Buspirone 4

338 Othmer, E., Othmer, S. C Buspirone 4

339 Cooper, B. R., Hester, T. J., Maxwell, R. A Bupropion 4

340 Ashton, A., Rosen, R.: Bupropion 4

342 Aizenberg, D., Gur, S., Zemishlany, Z. et al.: Mianserin 4



that this balance is more complex and that different

5-HT receptor subtypes may have opposing effects

on sexual function [297,319,320].

The antihistamine, cyproheptadine which increases

cerebral serotonin levels, has been shown to increase

male sexual activity in the rat [317]. The literature

contains several anecdotal case reports and other

small case series of the use of cyproheptadine to

reverse the anorgasmia induced by the SSRI antide-

pressants but contains no controlled studies [321-

326]. These studies suggest an effective dose range

of 2-16mg., administration on a chronic or «on

demand» basis. McCormick (1995) reported the use

of cyproheptadine to reverse the anorgasmia induced

by the SSRI fluoxetine has been reported in 2

patients [321]. Ashton et al. also reported improve-

ment in 12 of 25 men with SSRI induced sexual dys-

function with a mean dose of 8.6mg with efficacy

limited by sedation and potential reversal of antide-

pressant effect [322]. The author’s experience sug-

gests a role for cyproheptadine in the treatment of

both retarded ejaculation and anejaculation which is

limited to a degree by its sedative effect.  

Central dopamine activity can be increased by a

variety of mechanisms ranging from the provision of

dopamine synthesis precursors e.g. l-dopa, to use of

substitute neurotransmitters to directly stimulate

central dopamine receptors (Tables 12, 13). Amanta-

dine, an indirect stimulant of dopaminergic nerves

both centrally and peripherally, which is used in the

treatment of Parkinson’s disease and has a limited

role as an anti-viral agent, has been reported to sti-

mulate sexual behaviour, ejaculation and other

sexual reflexes in rats [327,328]. Several authors

have reported a place for amantadine in the reversal

of SSRI antidepressant induced anorgasmia

[322,329-333]. Ashton et al. reported improvement

in SSRI induced sexual dysfunction in 8 of 19 men

with mean dose of 200mg.[322] Balon reported

some efficacy with «on demand» amantadine

(100mg) administered 5-6hrs before coitus in a simi-

lar group of patients [329].

Several authors have reported their experience with

Yohimbine, a derivative of the bark of the Yocon

tree, in the management of SSRI induced sexual dys-

function [334-336]. Yohimbine is an alpha-2 antago-

nist, an alpha-1agonist, a calcium channel blocker

and inhibits platelet aggregation. Price and Grunhaus

reported reversal of clomipramine-induced anorgas-

mia with a dose of 10mg administered 90 minutes
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Table 13. Mechanism of Action of Drugs which increase

Dopamine Neurotransmission

Mechanism of Increasing Dopamine Drug 

Neurotransmission

Prolong action by decreasing uptake bupropion, cocaine

Prolong action by decreasing l-deprenyl

metabolism

Increased release of dopamine amphetamine

Direct stimulation of DA receptors bromocriptine, 

with substitute neurotransmitters quinelorane, 

apomorphine

Increase Dopamine synthesis by L-dopa

providing precursors

Table 12 Adjunctive Drug Therapy  for SSRI-Induced Sexual Dysfunction

Drug Symptom Dosage

As Needed Daily

Amantadine Anorgasmia 100-400 mg (for two days 75-100 mg bid or tid

Decreased  libido prior to coitus)

Erectile dysfunction

Bupropion Anorgasmia 75-150 mg 75 mg bid or tid

Buspirone Anorgasmia 15-60 mg 5-15 mg bid

Decreased  libido

Erectile dysfunction

Cyproheptadine Anorgasmia 4-12 mg On Demand

Decreased  libido

Erectile dysfunction

Yohimbine Anorgasmia 5.4-10.8 mg 5.4 mg tid

Decreased  libido

Erectile dysfunction



prior to coitus [334]. In a placebo-controlled study of

15 patients with fluoxetine-induced anorgasmia,

Jacobsen reported a 73% response rate to yohimbine

[335]. Hollander reported that yohimbine reversal of

anejaculation in 5 of 6 men with intercourse and/or

masturbation [336]. The response to yohimbine is

typically delayed taking up to 8 weeks and is often

associated with adverse effects including nausea,

headache, dizziness and anxiety. Careful dose titra-

tion is important as the extremes of dose have less

pro-sexual effect. 

Buspirone is a benzodiazepine class anxiolytic

which possesses 5HT-1A receptor agonist activity

[337]. Othmer et al. reported normalization of sexual

function in 8 of 10 men with a generalized anxiety

disorder and associated sexual dysfunction using a

dose range of 15-60mg daily [338]. Bupropion is a

novel antidepressant which prolongs the action of

dopamine by reducing its uptake from the synaptic

clef [339]. Ashton and Rosen described reversal of

SSRI induced anorgasmia in 66% of patients studied.

An improvement in sexual function was noted by

Rowland in 14 non-depressed diabetic men with ED

with «on demand» doses of 75-150 mg [340].

Several authors have reported induction of «early

ejaculation» in rats following administration of apo-

morphine, a central and peripheral DA-2 receptor

agonist, at a dose of 50mcg/kg. DA receptor antago-

nists block this effect [262,341]. Aizenberg et al.

examined the effect of the 5-HT2a/2c and alpha 2

antagonist mianserin in the treatment of patients with

sexual dysfunction induced by serotonin reuptake

inhibitors (SSRIs) [342]. Nine of the 15 subjects

reported a marked improvement in their sexual func-

tioning in the areas of orgasm and satisfaction usual-

ly within the first and second week of mianserin

treatment. The authors suggested that co administra-

tion of low-dose mianserin might be an additional

option in the treatment of sexual dysfunction induced

by SSRIs.

Quinelorane is a highly selective, potent DA-2 ago-

nist, which was extensively studied in animals in the

early part of this decade. Foreman and Hall observed

increased mounting, intromission and ejaculation in

both sexually inactive and sluggish rats following

administration of quinelorane [343]. Prior adminis-

tration of a dopamine antagonist eliminated these sti-

mulatory effects confirming that these sexual effects

were due to stimulation of DA receptors. They repor-

ted that many rats failed to ejaculate at the extremes

of doses with low doses causing sedation and high

doses causing hyperactive behaviour such as che-

wing or sniffing. Animals appears to become more

sensitive to dopamine agonists with increased use,

suggesting that abuse may eliminate any sexual

benefits. Eaton et al. injected quinelorane directly

into the rat paravaentricular nucleus and medial

preoptic area and reported different response with

different doses [344]. At extremes, quinelorane could

cause paradoxical PE, reduced sexual desire and ED.

The reduced sexual response observed at low doses

is due to stimulation of dopamine «auto- receptors»

which decrease dopamine activity and respond to

lower doses than do the stimulatory DA-2 receptors.

In theoretical clinical use, lowering the dose to avoid

excess excitement may result in worse sexual dys-

function than prior to treatment. Human double blind

placebo controlled clinical studies of quinelorane

were commenced in late 1980s involving multiple

sites and more than 500 men and women with ED,

reduced sexual desire and reduced arousal. The Uni-

ted States Food and Drug Administration review of

the trial data was inconclusive and concern was

expressed over the more than 50% incidence of nau-

sea and hypotension and the indirect negative sexual

adverse effects. Clinical studies were terminated and

the results remain confidential and unpublished. 

Based on the rating of the Level of Evidence of the

studies reviewed, pharmacological treatment of

delayed ejaculation or anejaculation has a Grade C

recommendation (Table 11).

Men with delayed ejaculation, anejaculation and/or

anorgasmia should be evaluated with a detailed

medical and sexual history, a physical examination

and appropriate investigations to establish the true

presenting complaint, identify obvious biological

causes such as medication or recent pelvic surgery,

and uncover sufficient detail to establish the optimal

treatment plan. (Figure 10)

Relevant information to obtain from the patient

includes:

1. A basic medical history, including use of prescri-

bed and recreational medications

2. The cultural context and developmental history of

the disorder, including whether the ejaculatory
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dysfunction is global or situational, lifelong or

recent in its development,

3. Measures of the quality of each of the three phases

of the sexual response cycle: desire, arousal, and

ejaculation, since the desire and arousal phases

may impact the ejaculatory response,

4. Details about the ejaculatory response, including

the presence or absence of orgasm, the prodromal

sensation of ejaculatory inevitability and prograde

ejaculation, the level of sexual dissatisfaction and

distress, the frequency of sexual activity, and so

on,

5. A careful physical examination to establish whe-

ther the testicles and epididymes are normal, and

whether the vasa are present or absent, on each

side

6. The partner’s assessment of the situation, inclu-

ding whether the partner is suffers from female

sexual dysfunction (FSD), and

7. Assessment of the sexual and overall relationship

Treatment should be etiology specific and address

the issue of infertility in men of a reproductive age.

Men who never achieve orgasm and ejaculation, are

suffering from either a biogenic failure of emission

and/or psychogenic inhibited ejaculation. Manage-

ment involves identification of the etiology and

disease specific treatment. Men who occasionally

achieve orgasm and ejaculation are usually suffering

from psychogenic inhibited ejaculation or penile

hypoanaesthesia secondary to age related degenera-

tion of the afferent penile nerves. The former is

managed with behavioural therapy and/or psycho-

therapy. Men with age related penile hypoanaesthe-

sia should be educated, reassured and be instructed

in revised sexual techniques which maximise arou-

sal.

The majority of men who always achieve orgasm but

never experience prograde ejaculation or have a

greatly reduced prograde ejaculatory volume, have

retrograde ejaculation. The presence of spermatozoa

and fructose in centrifuged post-ejaculatory voided

urine confirms the diagnosis. Management involves

education and reassurance of the patient, pharmaco-

therapy or, in rare cases, bladder neck reconstruction.

The absence of spermatozoa suggests congenital

absence or agenesis of the testis or vas/vasa or acqui-

red ejaculatory duct obstruction. Management

involves investigation by ultrasonic or radiological

imaging to identify the site of obstruction and disea-

se specific treatment.

The management of inhibited ejaculation is likely to

evolve towards combination treatment using integra-

ted pharmacotherapy and sex therapy approaches.  It

seems likely that the most effective treatments for IE

will follow the pattern seen in the treatment of ED,

where an integration of pharmacotherapy and sex

therapy is becoming the treatment of choice

[297,345-355]. These recent articles by urologists

and sex therapists have advocated a multidisciplina-

ry approach for the treatment of ED; emphasizing the

importance of follow-up in providing opportunity for

necessary patient education and counseling.  Addi-

tionally, the integration of sexual counseling and

pharmacotherapy is likely to be of assistance to

patients seeking adjustment and rehabilitation from

multiple medical conditions (e.g., retrograde ejacula-

tion secondary to prostatic surgery).  Furthermore,

couples presenting multiple sexual dysfunctions are

likely to benefit from a model incorporating additio-

nal sex therapy with pharmacotherapy.  An integra-

ted model allows for resolving and balancing signifi-

cant intra and interpersonal psychological issues

which otherwise may destabilize treatment success.

There are published case reports integrating sex the-

rapy and pharmacotherapy when treating a couple’s

multiple dysfunctions (including IE), but large

controlled prospective studies are needed in order to

define an appropriate treatment algorithm.[356] The

development of new pharmaceuticals will only refi-

ne such an algorithm and improve our opportunity

for enhancing orgasmic function.
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Figure 10 : Management algorithm for delayed ejaculation, anejaculation and anorgasmia
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Penile implants were introduced into the marketpla-

ce over 30 years ago with the marketing of the three

piece inflatable and the semi rigid rod almost simul-

taneously [1,2]. Prior to that time, there was little

interest in erectile dysfunction, little was known of

the causes and epidemiology, and the treatments

which were prescribed were in most cases unsuc-

cessful. The rudimentary implants used prior to that

time simply acted as inadequate splints, attempting

to maintain the penis in a rigid state.  The French sur-

geon Ambroise Paré suggested an “artificial penis”

made of wooden pipe or tube for patients after trau-

matic penile amputation in order to facilitate a pro-

per micturition in the standing position. Although not

intended for sexual activities, one might call this

device a 16th century “penile prosthesis”. As per

definition a prosthesis replaced the whole organ or

part of the body. On the other hand on should always

confine to the term “penile implant” when referring

to the modern devices discussed in this chapter. 

The first real penile implant to facilitate an erection

was used in a phalloplasty procedure performed by

the Russian surgeon Nikolaj A. Bogaraz in 1936 [3].

He used the patient’s rib cartilage and in later years,

he even performed this operation in patients with a

morphologic intact penis, but suffering from erectile

dysfunction. 

The first alloplastic material for the treatment of

erectile dysfunction was implanted in a single patient

in 1949 using an unpaired acrylic subcutaneous

implant by Goodwin and Associates. Robert A. Loef-

fler and R.O. Pearman both also implanted acrylic

rods directly to the tunica albuginea in the 1960’s

whereas the Egyptian plastic surgeon G.E. Beheri

was the first to place the implants into the corpora

cavernosa [5,6,7]. In addition to providing a treat-

ment for erectile problems, the introduction of the

semirigid rod and inflatable implants sparked inter-

est in studying the mechanisms of an erection, the

anatomy of the penile bodies and the interrelation

between patient and partner in achieving satisfactory

sexual compatibility. Tests were developed which

could differentiate between physical and psychologi-

cal causes for erectile dysfunction. Basic science

advances attempting to elucidate cellular mecha-

nisms including penile smooth muscle relaxation

have occurred. Hand in hand with our understanding

of these cellular mechanisms, medical treatments

acting on muscles in the penis soon became very

effective. Twenty years ago, intracorporal injections

to relax penile smooth muscle became popular [8].

Over five years ago, sildenafil, an oral agent which is

effective in improving erections in the majority of

patients not only simplified the treatment for erectile

dysfunction for many men, but brought numerous

patients into the fold, who otherwise would not have

opted for more aggressive therapies [9]. Two other

oral medications in the class type-5 phosphodiestera-

se inhibitors, namely tadalafil [10] and vardenafil

[11] are now also available. About 2/3rds of men will

respond to these oral agents and another small per-

centage can be successfully treated with intraurethral

[12] or intracorporally injected agents. Vacuum erec-

tion devices, which were popularized in the 1980s,

[13] are also available and when medication has not

been successful, these agents, as well as penile

implants have been used by some patients. 

In the current environment, penile implants have

played a secondary role in the treatment of erectile

difficulties. When medical therapy has been ineffec-

tive or contraindicated, and when vacuum devices

have proven unsatisfactory or unacceptable, implants
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have offered a predictable and reliable way of resto-

ring erectile abilities. Patients who present for consi-

deration of a penile implant, are those who have been

unable to use medical therapy. Patients with diabetes

mellitus and those who have had radical prostatecto-

my for prostate cancer respond less well to the oral

medications. For patients taking organic nitrates,

these medicines are contraindicated. For patients

with scar tissue in the erectile bodies from trauma or

following priapism, or after a previous prosthesis has

been removed, penile implant placement is their only

option for restoring erections. In patients with Pey-

ronie’s Disease, where soft erections and curved

erections make intercourse impossible, a penile

implant will both straighten and strengthen the erec-

tion.  

There are three classes of penile implants, hydraulic,

semirigid, and soft silicone. The hydraulic consists

of two types, the three piece inflatable and the two

piece inflatable. In the three piece inflatable group,

there are two vendors, Mentor Corporation and Ame-

rican Medical Systems (AMS). (Figure 1) Mentor

promotes two types, the alpha I and the narrow based

cylinders. Both cylinders expand in girth, but not in

length. The narrow cylinder is more appropriate for

the smaller penis and the penis with considerable

scar tissue where dilation to a larger caliber corporal

body is not easily accomplished. American Medical

Systems sells the Ultrex, CX, and CXM cylinders.

The Ultrex is composed of three layers. The inner

layer is silicone, the middle layer is a bidirectional

Dacron-lycra weave and the outer layer is silicone to

prevent in-growth of tissue into the woven material.

The bidirectional weave allows the cylinder to

expand both in length and in girth. The CX cylinders

and CMX are of similar construction, except that the

middle woven layer has an unidirectional Dacron-

Lycra weave allowing the cylinder to expand in girth

only. The CMX is a narrower cylinder, more appro-

priate for the small penis or scared corporal bodies.

(Figure 2) The only two piece implant available is

the Ambicor of American Medical Systems, which

has two cylinders, one to be placed in each corporal

body connected to a resipump which is placed

through a penoscrotal approach into the scrotum.

(Figure 3) There are two types of semi-rigid rod

prostheses, the malleable and the mechanical. The

Accuform of Mentor Corporation is a malleable

composed of braided silver wire surrounded by a sili-

cone coat. (Figure 4) The AMS 650 and 600 M

implants have a stainless steel woven core with a sili-

cone jacket. The Jonas implant produced in Germa-

ny has a silver core and a silicone covering [14]. The

mechanical prosthesis, termed the Dura II, has arti-

culating segments of polyethylene held together by a

central spring and is now sold by American Medical

Systems. (Figure 5) These articulating segments are

covered by a polytetrafluoroethylene sleeve surroun-

ded by a silicone outer jacket to prevent ingrowth of

tissue into the prosthesis parts. The soft silicone

implant was introduced by Subrini. Currently these

devices are manufactured in France and sold under

the names “SSDA” and “Virilis” in a number of

countries. [15] This implant is indicated in the pre-

sence of residual spongy erectile tissue which per-

mits tumescence and complementary girth expansion

around a central silicone support. (Figure 6) There

are a few homemade rod implants present throughout

the world, but none of these has been used for export

to other countries. 

The three piece inflatable penile implants are

somewhat complex to insert, and they require a

reservoir placed in the abdominal cavity. However,

they do give the best rigidity and the best flaccidity

since they will fill every part of the corporal bodies,

just as an inner tube will fill a bicycle tire. They also

give the best flaccidity, as all fluid can be drained out

of the cylinder into the reservoir when the non-erect

state is desired. The pumping mechanism of both the

AMS and the Mentor prosthesis does require some

manual dexterity, and patients who are lacking in this

ability, may find it difficult to work these devices.

For patients with previous complex abdominal pro-

cedures such as a kidney transplants or neobladder,

the reservoir should be placed out of the pelvis in

another part of the abdomen. A surgeon might consi-

der a simpler prosthesis in these circumstances.

These devices come in the largest and the smallest

size cylinder and hence give the best flexibility in

sizing. The two piece prosthesis, can give good rigi-

dity and fair flaccidity, or fair rigidity and good flac-

cidity, but rarely good rigidity and flaccidity simul-

taneously. The device however, is advantageous if

the hydraulic device is preferred, but the abdominal

cavity needs to be avoided. The long proximal seg-

ment between the proximal end of the implant and

the input tube (5 cm) tends to make this tube pal-

pable on the shaft of the penis in the extremely thin

patient. The semi rigid rod implants are easy to insert

and usually easy to manipulate. The tubes are espe-
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Figure 1: Mentor Alpha I – Three-piece inflatable penile

implant. One cylinder is placed in each corporal body, the

pump in the scrotum and the reservoir in the prevesical

space. 

Figure 2 : Top Ultrex Cylinder. Middle – CX Cylinder. Bot-

tom – CXM cylinder in full inflation. 

Figure 3 : Ambicor 2-piece penile implant. Figure 4 : Accuform semirigid rod penile implant. 

Figure 5  : Dura II mechanical penile implant. Figure 6 : Virilis soft silicone penile implant. 



cially bendable and with minimal exertion can easily

be maneuvered in the upward or downward position.

The wire devices will sometimes have spring-back

and may not be perfectly positionable for erection or

in a straight downward position. Cystoscopy in a

patient with a rigid prosthesis may be difficult, but

with flexible cystoscopes, this is less of a problem

today. Patients with diminished sensation, such as

those with spinal cord injury, have been more prone

to have erosion of the semirigid rod cylinders to the

exterior in the region of the glans because of the

pressure of these cylinders in the face of absent sen-

sation. The patient with sensation can feel pain or

discomfort as these rods are rubbed against the

undergarments; the patient without sensation may

not appreciate that the rods are wearing through. 

In the decade prior to the introduction of Sildenafil in

1998, sales of penile prostheses varied between

20,000 and 30,000 per year world-wide. In the latter

part of 1998 and in 1999, sales plummeted to the

range of 12,000 per year. More patients were now

coming in to doctors offices for treatment of erectile

dysfunction, .and choosing medications. We are now

seeing implant sales approaching the pre-Sildenafil

era rising to the range of 18,000 per year. 75% of the

sales of penile implants are in the United States. 70%

of the market in the USA is the 3-piece inflatable,

while 20% goes to the Ambicor with the remaining

10% semi-rigid rods. Outside the United States, the

inflatable market is about 60%, the rod market is

about 40%. 

A patient would be considered a good candidate for

a penile prosthesis if he has failed medical therapy or

if medical therapy was contraindicated.  Patients are

usually advised to try to at least consider a vacuum

device before a penile implant. Patients who opt for

the implant usually are highly motivated to continue

with sexual activity. The patient is usually offered

the choice of an inflatable, semi rigid or soft silicone

implant, guided by the surgeon’s advice related to his

body habitus and manual dexterity. Patients with a

larger penis will be best served by a three-piece

inflatable. These devices tend to give the best rigidi-

ty, especially in the longer phallus. Patients with

limited manual dexterity or those who would have

difficulty manipulating the hydraulic devices are best

encouraged to choose a semi-rigid rod or soft silico-

ne implant. The patient should be advised that the

size of the penis will likely be shorter than the origi-

nal erection was. When the penile implant is in place,

a sheet of scar tissue forms around the cylinders as

the body’s healing reaction. The scarred sheath does

not stretch as the device is inflated as the natural

tunica albuginea would stretch. Hence, elastic quali-

ties of the tunica albuginea are negated by this inner

sheath of scar tissue. Sensitivity of the penis, ejacu-

latory abilities, and sexual drive are usually unchan-

ged following placement of the prosthesis. The

patient should also be advised that the function of the

implant is to make a firm and soft or bendable penis

only. The devices do not restore any special sensiti-

vity or sexual drive that may have been present years

ago. When an implant is placed, the spongy tissue is

pushed to the periphery to make room for the cylin-

ders. If the cylinders are removed at a later date for

whatever reason, the space will fill in with scar tis-

sue, which will not respond adequately to other treat-

ments such as medication or a vacuum erection devi-

ce. 

It is recommended that the patients bathe the genital

area with a strong soap for a few days prior to the

surgery. Shaving of the genital area is performed in

the operating room to minimize the chance of nicks

in the skin being colonized by bacteria with prior

shaving. Open sores on the penis, or comedones

should be treated or removed prior to the surgery to

avoid these being a source of contamination during

the procedure. Bishop and Associates found that

patients with diabetes mellitus whose blood sugar

was in better control for a period of time preoperati-

vely as manifest by a normal hemoglobin A1C, were

less prone to develop a penile implant infection than

a group whose hemoglobin A1C was abnormal [16].

A larger series reported by Wilson and Associates

found no difference in infection rates with penile

prosthesis placement in those with a normal or an

elevated level of hemoglobin A1C preoperatively

[17]. The urine culture should be negative if pos-

sible. Patients who are prone to develop urinary tract

infections such as those with a neurogenic bladder

should be placed on antibiotics for a number of days

prior to the surgery to maintain sterile urine. The uri-

nary tract is usually not invaded during the place-

ment of the penile prosthesis, although spilling of

urine onto the operative field during the procedure is

a possibility. Antibiotics are usually started prophy-

lactically one hour prior to the procedure. The deci-
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sion of which antibiotics to use is usually made by

the surgeon, and are those antibacterials which are

appropriate for treating infections due to skin conta-

minants. The antibiotics are usually continued for 48

hours postoperatively, at which time the wound is

sealed. Some surgeons will prefer to maintain anti-

biotics for a week after surgery. A catheter is some-

times used to identify the corpus spongiosum during

the procedure and may be removed at the conclusion

of the operation or continued for up to 24 hours in

the postoperative period. Some surgeons will opt to

use drains at the conclusion of the procedure to redu-

ce the edema and to provide an exit for any bleeding

which may occur in the immediate postoperative per-

iod. These drains are usually removed a day or two

following the surgery. Pain following placement of a

penile prosthesis is variable depending upon the

patient’s tolerance and the particular disease process.

The pain is usually more prolonged than that asso-

ciated with an operation of the same magnitude, ie.,

inguinal herniorrhaphy or appendectomy. Patients

relate that the pain usually improves each day and

that by 3-4 weeks, most of the pain has subsided.

Patients are taught to operate the hydraulic devices at

about six weeks. Some surgeons prefer to begin

cycling these devices at four weeks, but in many

patients pain may still be present to the degree where

it would make such a maneuver uncomfortable. At

six months, most patients relate that they hardly noti-

ce any pain present.  Especially in cases of neuropa-

thy, pain may persist beyond six months. If prolon-

ged pain does occur, especially if the pain is unchan-

ging or worsening, then the suspicion of an infection

associated with the prosthesis should be entertained.

When the patients are taught to operate the hydraulic

devices, they are advised to cycle them regularly.

Every week, the patient should inflate the device

completely to avoid cylinder cavity contracture.

They are advised to completely deflate the device

daily, to avoid scar formation over the reservoir

which would limit its expansion. When the patient

leaves the cylinders semi-inflated for prolonged per-

iods of time, a capsule forms over the reservoir in the

collapsed state which will restrict its expansion in the

future.

The inflatable prostheses are usually placed through

an infrapubic or a penoscrotal incision. The advanta-

ge of the infrapubic incision is the secure placement

of the reservoir in the midline location. If the midli-

ne prepubic area is scarred or a renal transplant is

present, the epigastric extraperitoneal or intraperito-

neal placement of the reservoir can be accompli-

shed.18 If a prosthesis is placed through an infrapu-

bic incision on the dorsal surface of the corpora

cavernosa, care should be taken to avoid damaging

the neurovascular bundle which runs between 11

o’clock and 1 o’clock on the upper surface of the

corporal bodies. Making corporotomies at about the

10 o’clock or 2 o’clock position will avoid damaging

this structure. The sensory nerves to the end of the

penis and the glans run through the neurovascular

band, and it is important to avoid damaging these

nerves. By doing so, good sensitivity to the distal

penis should be maintained after the surgery. With

the infrapubic approach, the pump tubing is placed

around the side of the penis into the scrotum and the

pump is not usually secured in position. Migration of

the pump may occur and the patient is encouraged to

push the pump inferiorly each day in the immediate

post-op period to assure optimal positioning. During

placement of a hydraulic implant through a penos-

crotal or transverse scrotal approach, the reservoir is

placed blindly through the inguinal canal. Care

should be taken in this approach to place this part

medially to avoid injury to the iliac vessels. Decom-

pressing the bladder will minimize the chance of

injuring this structure. The advantages to this

approach are the secure placement of the pump in the

scrotum and the fact that the skin is not violated in

the prepubic area, for a more acceptable cosmetic

result. The Ambicor prosthesis can only be placed

through a penoscrotal approach. The tubing from the

pump to the cylinders, which is preconnected will

not reach into the scrotum if this device is placed

through an infrapubic incision. The semi rigid rods

and soft silicone implant are commonly placed

through a subcoronal, penoscrotal or ventral penile

incision. A ventral incision is used in the uncircum-

cised patient. If a subcoronal incision is used simul-

taneous circumcision is recommended. If the excess

foreskin is left following the closure, maceration of

the suture line or lymphedema may develop.

Through the subcoronal approach, there is also less

tissue to close over the suture line of the corporoto-

my. When the penoscrotal approach is used to place

semi rigid rod implants, it may be difficult to bend

the rods to fit under the distal edge of the corporoto-

my. Extending the corporotomy may be necessary

under these circumstances. In the ventral penile

approach, a proximal midline skin incision is made

on the ventral surface of the penis [19]. This is
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retracted distally using a vein retractor and relatively

distal corporotomies are made (Figure 7). The distal

end of the corporotomy can then be lifted over the

end of the rod using a vein retractor, avoiding the

need to bend the rod. The layered subcutaneous tis-

sue and skin closure can then be performed without

overlapping suture lines. The corporotomy closures

are lateral and the skin closure is in the midline. 

Penile implants can be placed under general or regio-

nal anesthesia. For the placement of semi-rigid rod

or soft silicone cylinders, a penile block is performed

with a local anesthetic. A tourniquet is then placed

around the base of the penis as if one were perfor-

ming an artificial erection. About 25 ccs of 1% Lido-

caine is then instilled into either corpus cavernosum,

held in place with the tourniquet for one minute and

the tourniquet is then released. The local anesthetic

then diffuses to the proximal part of the corpora

anesthetizing the whole of both corporal bodies.

With the placement of hydraulic implants, a penile

block combined with a pudendal block has been suc-

cessful. Most surgeons prefer to place these devices

using general or spinal anesthesia. These blocks are

sometimes not as effective or optimal as one would

wish and many times must be supplemented by the

injection of local anesthetic into the parts to be inci-

sed or dilated. 

The critical portion of the surgery is appropriate

cylinder sizing. If a cylinder is larger than the corpo-

ral body can accommodate the patient may have per-

sistent pain, protrusion of cylinders far into the glans,

or curvature of the penis when it is erect. The rigid

rods should be sized about 1/2 cm less than the mea-

sured length of the corporal body. This will allow

comfortable bending and less springback phenome-

non. With most inflatable cylinders, the cylinder of

the same size as the measured corporal length should

be implanted. The cylinders which expand distally

(Ultrex) should be sized slightly shorter than the

measured corporal length, perhaps 1/2 to 1 cm [20].

As the cylinder expands distally during inflation, it

will easily make up the difference in length and fill

out the distal aspects of the corporal body to give

good support to the glans. In addition to length

sizing, proper width fit is critical for optimal support

for the erection. Models of the three-piece inflatable,

the Mentor and the AMS CX come in two widths.

The narrow-width cylinders with modest inflation

are 9.5 mm in diameter. Upon full inflation, they will

expand to at least 14 mm in girth. The wider ver-

sions, when expanded to modest inflation are 12 mm

in diameter and when fully expanded are at least 18

mm in girth. The optimal width fit of an inflatable

cylinder is that which fills the corporal body in a fin-

ger in glove like fashion. Hence when the corporal

body is relatively narrow, a narrow cylinder will give

equally good rigidity as a larger cylinder with less

discomfort and less possibility of causing penile

deformity. The technique to determine whether the

wider or narrower cylinder would be more appro-

priate in a particular patient is to assess the ease with

which the dilator passes during dilation of the corpo-

ral body. If the 12 mm dilator passes with some snu-

gness, it would be more appropriate to use the narro-

wer cylinder rather than the wider cylinder under the

circumstance as it would give equally good support

with less potential for problem. The semi-rigid rods,

the soft silicone device and the Ambicor implant are

sold in fixed-width sizes. Deciding which size of

these devices to implant would be appropriate befo-

re opening the sterile package. The simple technique

to determine which size would be more appropriate

would give the better fit would be to place two dila-

tors of the proposed size simultaneously, first distal-

ly, then proximally into the corporal bodies. One

then apposes the thumb to the index finger between

the two dilators (Figure 8). If there is wide separa-
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Figure 7 : Ventral penile approach to placing semirigid and

soft silicone penile implants. 



tion of the dilators ie., if one is able to appose the

thumb to the index finger between the two dilators,

then that particular size would be too narrow and a

larger size would be more appropriate. An ideal fit

would be achieved if one were to obtain a slight

separation of the dilators as the thumb is apposed to

the index finger. If there is no separation of the dila-

tors as this maneuver is performed, then a tight fit

would be achieved with that particular size cylinder. 

The inflatable cylinders have an input tube which

exits from the cylinder at the proximal location. This

tube may run intracorporally and exit at a convenient

location from the corporotomy or may exit directly

where the tube comes off the cylinder. In some pre-

viously constructed cylinders, if this tube rubbed

against the cylinder, input tube wear would occur.

However, the current model cylinders with the poly-

urethane of the Mentor and the triple layer of the

AMS 700 and Ambicor have eliminated this wear

feature. Either technique allowing the tubing to exit

directly where it comes off the cylinder or allowing

it to run intracorporally is appropriate and is the sur-

geon’s choice. Caution should be noted with either

technique. If the cylinder is allowed to run intracor-

porally and extensive scar tissue is present in the cor-

poral body, one should determine that inflation and

deflation of the cylinder readily occur. The scar tis-

sue may be so dense that once the cylinder is infla-

ted, the input tube may be compressed, even though

it is the non-kink type. Under this circumstance

inflation would be possible, but deflation would be

impossible. If this did occur, one should incise the

corporal body over the tubing so that the tube exited

the corporal body as it came off the cylinder. If one

allows the tubing to exit the corporal body as it

comes off the cylinder, it should not be so far distal

that it would be sheared during the pressure exerted

during intercourse. It also should not be too far

proximal as the corporotomy closure would be diffi-

cult due to poor exposure. 

An adequate reservoir cavity should be created to

minimize the chance of autoinflation. Auto-inflation

occurs when the cylinders of a hydraulic penile pros-

thesis do not stay deflated. The implant patient has a

chronic partial erection sometimes causing embar-

rassment and discomfort. This problem is caused by

abdominal pressure or a tight reservoir cavity forcing

fluid from the reservoir into the cylinders. If auto-

inflation persists, the condition becomes generally

irreversible and in need of surgical intervention to

expand the reservoir cavity. The body reacts to any

foreign body by surrounding the object with a

fibrous capsule. All components of a penile prosthe-

sis are surrounded by such a sheath. Earlier series

reported the incidence of auto-inflation in 11% of

patients with 2% requiring operative correction.21

Mentor Corporation has introduced the “lock-out

valve” to prevent the occurrence of auto-inflation

(Figure 9). The lock-out valve works by responding

to fluid pressure changes in the tubing to the pros-

thesis and not to pressure from the reservoir. The api-

cal location of this valve modification allows fluid to
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Figure 8 : Determining appropriate width size of cylinders

with non-expending girth by apposing the thumb to the

index finger between dilators placed in each corporal body

Figure 9 : The lock out valve of the Mentor Alpha penile

implant.



flow bi-directionally. During cylinder deflation, the

valve opens to positive pressure in the tubing.

During cylinder inflation when the collapsed pump

bulb recovers, negative pressure opens the valve.

The fluid in the reservoir flows in and out due to

prosthesis fluid pressure. There must be negative

pressure from the pump side for the fluid to flow

from the reservoir. Elevated reservoir pressure, such

as that due to the Valsalva maneuver, does not result

in fluid flow from the reservoir. Follow-up with this

reservoir modification has been excellent. When pla-

cing the reservoir, care should be taken to avoid pla-

cing the lock-out valve against a firm structure such

as hard scar or bone. This may indent the valve cau-

sing it to malfunction. The usual location for the

reservoir is the prevesicle space, either placed

through a midline incision or through the inguinal

canal. If this area however is excessively scarred fol-

lowing pelvic surgery, then the reservoir can be pla-

ced in an alternative location, such as within the per-

itoneal cavity. If this is done however, the reservoir

should be placed against the pelvic wall and not allo-

wed to float freely within the abdominal cavity. The

bowel can readily be intertwined around a reservoir

floating freely in the peritoneal cavity which can

result in bowel obstruction. In addition, there should

be no pressure on the tubing pulling the reservoir

against a viscus as erosion of the reservoir into bowel

and bladder has been reported [22]. The circum-

stances in which this has happened have been those

in which there has been pressure pushing the foreign

body against the wall of the viscus. In addition to the

peritoneal cavity an extrapelvic location of the reser-

voir is also an option. The epigastric placement of

the reservoir is certainly appropriate and this can be

accomplished by an upper abdominal incision, inci-

sion of the aponeurosis of the external oblique with

separation of the internal oblique and transversalis

muscle fibers. Preperitoneal placement is possible

and the tubing can then be tunneled down to the pre-

pubic or scrotal area for connection with the tubing

leading to the pump. This location is also appropria-

te for placement of a three-piece prosthesis in renal

transplant patients or those awaiting transplant. This

will obviate the need for dealing with prosthetic parts

or reservoir when operating on the transplanted kid-

ney. Fluid placed in the reservoir should be slightly

less than the reservoir capacity, but at least 10 ccs

more than the volume of the inflated penile cylin-

ders. This will permit some expansion of the cylin-

ders which may occur as scar is stretched in the post-

operative period. 

With the infrapubic approach, the prosthesis pump is

placed freely in the scrotum after an adequate subcu-

taneous pocket has been created. A large Hegar dila-

tor, size 20, has proven helpful in achieving an ade-

quate space for pump placement. The pump should

be placed anterior to the testis and as far inferiorly in

the scrotum as possible. Patients are encouraged to

push down on the pump gently in the first few weeks

in the postoperative period to maintain this depen-

dent position. If it migrates to the location adjacent

to the shaft of the penis, it becomes difficult to ope-

rate and inconvenient during intercourse. When the

scrotal approach is used, the pump can be fixed in its

location by bring one or more of the tubes exiting the

pump through the scrotal septum to prevent the

pump from twisting or migrating during the postope-

rative healing. During the placement of a penile

prosthesis, copious irrigations with antibiotic fluid

should be stressed. Every five minutes the field is

flooded with these irrigations, instilled under force

with an Asepto syringe. At the conclusion of the pro-

cedure, two layers of subcutaneous and a layer of

skin closure are recommended over any prosthetic

parts. 

Repairs of the early model of inflatable penile pros-

thesis introduced over 30 years ago were relatively

common. One report cited 50% repairs in 5 years fol-

lowing implantation. [23] Manufacturers have elimi-

nated or reinforced areas which have tended to wear,

and the products we are seeing today have reliability

rates equal to or greater than other mechanical pro-

ducts. In addition, surgeons have gained experience

over the years in implantation techniques and proper

sizing and placement of parts. A number of recent

series have been published which attests to this fact.

Milbank and his colleagues have reported a mecha-

nical survival rate at 5 years of 78% using the Ultrex

penile implant [24]. Levine, Estrada, and Morgenta-

ler reported 93% survival at 31/2 years with the

Ambicor prosthesis. [25] Choi reporting on the relia-

bility of the AMS 700 CXM prosthesis in Asian men,

related that 90% were working well at 5 years [26].

Carson, Mulcahy, and Govier reporting in a prospec-

tive study on the AMS 700 CX showed an 86%

mechanical survival at 5 years [27]. Wilson and his

colleagues related that 93% of the enhanced Mentor

Alpha I prosthesis were still working well after 5
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years following implantation [28]. Govier and co-

workers reported that 91% of their prostheses were

working well at 3 years. A number of different types

of implants were reported in this series [29°. Debocq

and colleagues related a series with a mean follow-

up of 51/2 years, which showed that the Mentor

Alpha had a 96% survival while the AMS 700 Ultrex

and CX had an 84% survival [30]. In late 2000, Ame-

rican Medical Systems introduced parylene micro

coating as a feature to enhance the 700 series’ cylin-

der durability and subsequent longevity. Parylene

coating is applied via a vapor deposition process, to

non-tissue-contacting surfaces only and increases

lubricity to the silicone surface, hence reducing fric-

tion and wear. This micro-thin (60 millionths of an

inch) parylene layer, has been demonstrated in bench

testing to add millions of fold and tube wear stress

cycles before detectable wear is measured on both

sides of the inner tube cylinder component and the

inside of the outer tube cylinder component. This

feature is expected to further reduce the incidence of

revisions with the 700 series inflatable implant. In

addition to improving product longevity, this innova-

tion maintains cylinder flaccidity and functionality.

Repair rates in the range of 10-20% within the first 5

years are to be expected and when counseling

patients, these figures may be quoted.

In the United States, all penile prosthesis sold now

have a lifetime warranty. When approaching a

patient who needs a repair, one should keep this in

mind. A prosthesis which has been in place for a

number of years, ie., two years or more and certain-

ly more than 5 years should be entirely replaced.

This provides the extended wear time on all of the

parts in place. If the prosthesis develops a malfunc-

tion within a few months of placement, consideration

should be made to leave in parts which are not defec-

tive. This is particularly applicable to the penile

cylinders.  When the corporal bodies are opened to

replace cylinders, scar tissue forms which in time

will contract. Patients who have had a number or

repairs relate that after each change of cylinders, the

penis has become noticeably shorter. If the surgeon

plans on leaving parts of the device behind, the first

parts of the prosthesis inspected are the connections.

These are usually in one location and the connection

should then be dissembled and the volume of fluid in

the reservoir determined. Each of the parts can then

be tested using an ohmmeter. With this technique, the

part to be tested is filled with saline. A blunt metal

needle is then placed into the tubing leading to that

particular part. One limb of the ohmmeter cable is

placed on the metal needle, the other limb is placed

on a retractor located in another part of the wound. A

deflection of the ohmmeter needle would indicate

that current is passing from that part to the retractor,

ie., there is a leak in that part and sodium chloride

ions are passing through the defect to complete the

circuit (Figure 10). That part should then be repla-

ced. If no deflection of the ohmmeter needle occurs

while testing a particular part, this would indicate

that the wall of the part is intact and sodium chloride

irons are unable to pass from the interior of that part

to complete the circuit to the retractor in the wound.

Filling parts of the implant with contrast material and

then checking for extravasation with an x-ray has

also been used to detect the site of leakage. When

incising scar tissue over the tubing electrocautery is

helpful. The setting should be less than 35 watts.

Higher currents will not damage the silicone, but will

be detrimental to the polyurethane coating of the

Mentor device [31]. For repairs, it is important to

check for the presence of infection. Recent reports

have indicated that on revisions the infection rate is

higher than it is with initial implants [32, 33]. The

Incidence of positive cultures taken from the wound

during repair is also significantly high, even in the

absence of signs of infection. For this reason some

surgeons are now copiously irrigating the wound of
VIII. IMPLANT REPAIR
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Figure 10 : Ohmmeter used to detect site of fluid leak in a

hydraulic penile implant.



revision cases with additional antiseptic solution

such as hydrogen peroxide and Betadine in addition

to the antibiotic irrigations used on all prosthesis

cases [34, 35]. Upon placement of the cylinders in

revision cases, one should re-measure the length of

the corporal bodies. Longer or shorter cylinders may

be more appropriate in the particular circumstance. 

Peyronie’s Disease is a common condition in which

scar replaces the natural elastic covering of the cor-

poral bodies. This is usually a focal scar which

results in curvature of the penis towards the side of

the scar as the tunica albuginea no longer expands in

this area. If hydraulic penile implant cylinders are to

be placed in scarred corporal bodies, the Ultrex type

should not be used [36].  This tends to expand distal-

ly, completely filling the end to corporal bodies and

not allowing the ends to shift over the body of the

cylinder. If the AMS CX or the Mentor cylinders are

used which do not expand distally, then the corporal

bodies can shift over these cylinders and the intrinsic

rigidity of the cylinders will usually straighten the

penis very adequately [37]. If one has used Ultrex

cylinders and finds that curvature of the erection

when these cylinders are inflated occurs, they should

be switched to the CX variety, which will usually

straighten the penis very adequately. If hydraulic

cylinders are placed and significant curvature of the

penis persists, then a modeling technique described

by Wilson and his colleagues can be tried [38]. With

this technique cylinders are inflated to maximum.

The tubing leading to the cylinders is then clamped

and the cylinder is forcibly bent against the curve

and held for 90 seconds. A feeling of the scar tearing

can sometimes be appreciated during this maneuver.

The cylinders are then reinflated to determine if

straightening has been achieved. If significant curva-

ture persists despite this initial modeling maneuver,

then the modeling can be repeated. A high percenta-

ge of curved erections can be straightened using this

technique. One should then maintain the penis in the

semierect position for two months following this

procedure to allow the scar to heal in the straight

position. The corporotomy closures are checked for

rupture and the urethra is inspected for injury as this

has been reported during this modeling maneuver. If

modeling has failed to straighten the penis, then a

formal straightening procedure can be performed.

The Nesbit technique has been used successfully in

this regard [39]. Using this operation, elliptical

wedges of tunica albuginea are removed from the

convex surface of the curve. The cautery device is

useful for this purpose and will avoid damaging the

prosthesis with a sharp instrument. The edges of the

tunica albuginea are then approximated using long

term absorbable suture such as PDS. An alternative

procedure would be to incise the concave or inner

surface of the curvature. The cylinders are then infla-

ted and the wedge-shaped defect is obvious. This

defect can then be covered using graft material. A

Gortex or Dacron graft was used for this purpose and

permanent suture was employed to attach the graft to

the tunica albuginea. Recently SIS (porcine small

intestinal submucosa) and Tutoplast (cadaver per-

icardium) which are more natural materials have

been used very satisfactorily [40, 41]. If the latter

materials are used a long term absorbable suture can

be used to attach the graft to the tunica albuginea. A

10% larger size graft than the gap should be used

when these natural materials are employed due to

contracture of the graft over the long term. Occasio-

nally the circumstance is encountered where the wall

of the tunica albuginea is inadequate to completely

cover the prosthesis cylinders without excessive ten-

sion. This could follow resection of the tunica, or a

situation where excessive scar tissue will not enable

the surgeon to close the tunica over the prosthesis

without severely narrowing the corporal cavity. In

this case, these graft materials, either synthetic or

natural may be used to reinforce the wall and repla-

ce the wall to give complete covering of the cylinder

and adequate caliber to the corporal body (Figure

11) The technique of placing these grafts is similar to

that described for straightening the erection with the

cylinder in place. Austoni et.al. used a variety of

grafts as strips placed to fill longitudinal incisions in

the tunica albuginea to broaden the caliber of the cor-

poral bodies enhancing girth in association with

hydraulic implant placement (Figure 12) [42]. A nar-

row caliber of the corporal body can be made larger

using the Otis urethrotome to incise the scar sharply

or various cavernotomes which shave slivers of scar

as the instruments are maneuvered backward and

forward. Deformities or malposition of implant

cylinders can usually be detected by palpation of the

penile shaft. However, if palpation does not give a

definitive answer, MRI (Magnetic Resonance Ima-

ging) of the corporal bodies will clearly delineate the

location and shape of the cylinders (Figure 13) [43]. 
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Protrusion or extrusion of penile prosthesis cylinders

distally out of the corporal body is unusual (Figure

14). Circumstances which may dispose to this are

aggressive distal dilation during placement, over

sizing of cylinders, ie., placing wider cylinders,

where narrower cylinders may be more appropriate,

or excessive pressure against the end of the penis

during sexual activity. The protrusion can be repaired

using a natural tissue method [44].  A hemi-circum-

cising tissue is created on the side of the extrusion. A

longitudinal corporotomy is made over the cylinder

and the cylinder removed from the cavity. The back

wall of the sheath that contained the cylinders is then

incised and a new plane developed behind this wall

down to the distal end of the corporal body (Figures

15-16). This original back wall will now provide the

outer covering of the penile prosthesis cylinder. The

cylinder is then replaced into the newly created cavi-

ty and the outer wall reinforced, closing the original

tunica albuginea and adjacent scar tissue with long-

term absorbable suture (Figure 17). An alternative

approach would be to place a windsock of synthetic

material over the end of the prosthesis and to replace

it into the corporal body as a reinforcement for the

distal tunica albuginea [45]. This substitutes one

foreign body close to the skin surface for another.

Carson compared the two techniques natural tissue

repair versus windsock and found that the former

was more successful [46]. After corporoplasty the

glans may be excessively mobile. Glans fixation may

be necessary [47].  In addition, in certain patients fol-

lowing penile prosthesis placement, the glans is noted

to be hypermobile, either dorsally, ventrally or in

either direction, a condition called SST deformity or

floppy glans. A circumcising incision can be made

and the tissue under the glans dissected free. A non-

absorbable 3-0 suture can then be placed through the

glans substance and through the end of the tunica

albuginea over the end of the inflated cylinder. The

suture is tied securely. The glans is then fixed against

the end of the prosthesis cylinder. This can be done in

one quadrant, or all four quadrants as needed to secu-

rely fix the glans and prevent excessive mobility. 

X. CORPOROPLASTY – 

GLANS FIXATION
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Figure 11 : SIS graft used to replace tunica albuginea of the

corpus caverosum. 

Figure 12 : Longitudinal incisions in tunica albuginea allo-

wing girth enhancement with cylinder inflation. Natural or

synthetic free grafts are used to over the defects. 

Figure 13: MRI of pelvis showing buckling of penile

implant cylinder. 



Infection associated with a penile prosthesis is consi-

dered a catastrophic event necessitating removal of

the device. Today, the rates of infection are low in the

range of 1-3%, [27,48 ]. Infection associated with the

prosthesis should be considered if the patient has

persistent pain beyond two months following the sur-

gery. This would be especially true if the pain is

unchanging or even increasing with time. The pre-

sence of fever or erythema in the wound with fixa-

tion of parts such as the pump to the overlying skin

would also be signs that would lead one to suspect an

infection being present. If persistent purulent draina-

ge occurs from the wound, especially if this is

increased when pressure is placed on parts of the

prosthesis such as the cylinder or pump, or if any part

of the prosthesis is exposed, this would indicate an

infection is present. The use of systemic antibiotics

in an attempt to clear such an infection has not been

successful. Many organisms which are associated

with a penile prosthesis infection produce a biofilm

or slim which surrounds the prosthesis parts [49].

This inhibits phagocytosis and provides a barrier to

diffusion of antibiotics to the area where the orga-

nisms are present. It virtually provides a hiding place

for the bacteria. When one is convinced that an infec-

tion is present, it is prudent to explore the wound and

remove all the implant parts and foreign materials.

This would include suture material and any graft

material used to rebuild parts of the penis associated

with prosthesis surgery. The traditional approach has

been to return in 2-6 months, when the infection has

cleared to replace a new prosthesis. In this circum-

stance however, the erection will be noticeably shor-

ter, perhaps 1-2 inches and the placement of the

implant cylinders would be more difficult because of

development of scar tissue in the penis after infection

and cylinder removal. An alternative has been advo-

cated and is gaining popularity, termed a salvage or

a rescue procedure [50, 51, 52].  This entails removal

of all implant parts and foreign material, cleansing

the wound with a series of antiseptic solutions and

replacing the prosthesis at the same procedure

(Table 1, Table 2). Long-term follow-up has shown

that this has been successful in about 84% of cases.

This alternative is less successful when the tissue

surrounding the implant as well as the implant cavi-

ty is infected. This usually occurs soon (1-2 months)

after the original surgery for placing the implant

when a considerable amount of cellulitis is evident in
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Figure 14 : Extrusion of implant cylinder through end of

corporal body  into subcutaneous tissue. 

Figure 15 :  Incision in back wall of sheath previously

containing extruded Implant cylinder.

Figure 16 : Dilation of new cavity for implant cylinder dor-

sal and medial to original cavity.



the wound with or without abscess formation. In

these circumstances the use of systemic antibiotics

(vancomycin-gentamicin) for 48-72 hours prior to

the salvage has improved the chances of success. An

obvious abscess or fluctuance should also be drained

prior to salvage procedure. If fluid is available for

culture, the organisms involved can be determined

and more appropriate antibiotics substituted systemi-

cally for 48-72 hours prior to initiating a salvage pro-

cedure. Improvement or resolution of cellulitis sug-

gests that the chance of salvage succeeding would be

higher. The advantage of the salvage procedure is

that most of the length of the penis will be maintai-

ned. In addition, it is easier to place cylinders while

the cavities in the corpora cavernosa are open, rather

than returning at a later date to create new cavities in

scar tissue. 

A delayed form of salvage has been advocated [53].

Using this technique, the prosthesis is removed and

drains are placed in the wound though which anti-

biotics can be instilled for about 72 hours. The orga-

nisms involved in the infection are certain and more

appropriate antibiotics can be substituted if necessa-

ry prior to drain removal. The patient is returned to

the operating room after 72 hours and a new pros-

thesis is placed at that time. Delayed salvage

involves a longer hospitalization and two operative

procedures and is definitely more costly. In addition

after three days of an inflammatory process, wound

closure may prove difficult, especially in the very

thin patient. Success with delayed salvage is similar

to that of immediate salvage, and the immediate sal-

vage has become the preferred method. 

Contraindications to salvage include tissue necrosis,

patients who are severely ill, such as those with life-

threatening conditions such as ketoacidosis or sepsis,

and those patients in whom bilateral urethral erosion

of the prosthesis cylinders has occurred. 

Experimental studies in Sprague-Dawley rats by

Dhabuwala and Associates demonstrated that coa-

ting silicone graft material with antibiotics, particu-

larly rifampin/minocycline, reduced the incidence of

graft colonization in contaminated wounds [54].

Minocycline and rifampin have been safely used as a

surface treatment in indwelling venous and urinary

catheters. It has been demonstrated to be an effective

method to provide broad-spectrum inhibitor activity

against gram-positive and gram-negative bacteria.

This combination is particularly effective against

Staphylococcus. 

In May 2001, American Medical Systems introduced

InhibiZone antibiotic surface treatment of its three

piece inflatable implants [55]. InhibiZone is a for-

mulation of minocycline and rifampin, which is

impregnated onto the outer surface of the prosthesis,

resulting in a mottled orange-yellow covering (Figu-

re 18). Antibiotics impregnated into the device sur-

face elute from the silicone matrix when exposed to

a warm, moist environment. Concentrations repre-

sent less than a common oral or IV dose. Of theore-

tical importance, local antimicrobial release will pre-

vent early colonization and the development of a

bacterial biofilm layer [49]. 
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Table 1. Salvage protocol used for infected penile implants

• Remove all prosthetic parts and foreign material. 

• Irrigate wound with seven antiseptic solutions. 

• Change gowns, gloves, surgical drapes and instruments. 

• Insert new prosthesis. 

• Close wound with no drains or catheters. 

• Oral antibiotics for one month. 

Table 2. Antiseptic irrigating solutions used during salvage

procedure 

• Antibiotics 

• Half strength hydrogen peroxide

• Half strength Betadine

• Pressure irrigation (water pic) with 1 gm Vancomycin and

• 80 mgs of Gentamicin in the 5 liter irrigating solution

• Half strength hydrogen peroxide 

• Antibiotics 

Figure 17 : Placement of implant cylinder in newly created

cavity. 



The mechanism of antimicrobial activity of minocy-

cline (inhibits protein synthesis) and rifampin (inhi-

bits DNA-dependent RN polymerace) may help

reduce the likelihood of developing bacterial resis-

tance to either agent [56]. In-vitro and in-vivo stu-

dies have demonstrated that minocycline is effective

in retarding the emergence of staphylococcal strains

that are resistant to rifampin [57]. Minocycline and

rifampin also benefit from not commonly being used

in the hospital setting, which may reduce the risk for

bacterial resistance developing. 

In the largest single clinical experience with Inhibi-

Zone, Wilson reported on 234 total inhibiZone

implants with follow-up of up to 18 months, 73.1%

original (n=171) and 26.9% revision (n=63) [58].

There were no infections in the original series and a

1.2% infection rate (n=3) for the revision series.

However, there were no staphylococcal infections

and all organisms cultured (Enterococcus, Strepto-

coccus, Candida) were resistant to the minocycli-

ne/rifampin combination. 

In another local approach to prevent bacterial coloni-

zation and infection, Mentor Corporation has deve-

loped a proprietary hydrophilic coating that inhibits

bacterial adherence. A number of recent publications

have reported on the efficacy of antibiotic-soaked,

hydrophilic-coated substrates. 

In a recent study in rabbits, the ability of the new

hydrophilic coating was investigated for its ability to

prolong the effect of intraoperative antibiotics. Coa-

ted and uncoated discs were soaked in antibiotics and

the zones of inhibition against 4 microorganisms

were studied at various time points from 0 to 5 days.

There was statistical benefit in limiting bacterial

growth of the coated samples for up to 3 days, espe-

cially against Staphylococcus epidermis, the most

common organism associated with implant infection.

In theory, the anti-adherence properties and the abi-

lity to absorb water-based antibiotics will reduce the

chances for infection. Mentor Corporation introdu-

ced its hydrophilic-coated prosthesis (Titan) in the

fall of 2002 (Figure 19). Early follow-up has sug-

gested a clinical benefit for patients implanted with

the Titan in regards to reduced infection rates [59].

An important caveat is that the introduction of any

new microbe-resisting coating should not allow an

implanting surgeon to reduce his vigilance, sterile

technique, and use of antibiotics to prevent implant

infections. Despite the early reports of benefit from

these innovations, a larger number of implantations

will need to be performed by a number of different

centers and surgeons, followed over time, and analy-

zed in order to demonstrate statistically a benefit. 

Of all the currently available treatments of erectile

dysfunction, the penile implant has the highest satis-

faction rate. It is the most invasive and least often

chosen option, but once these devices are placed,

patients and partners are gratified in the vast majori-

ty of cases, with the resulting erection. Levine, Estra-

da, and Morgentaler, reported that 96% of patients

and 91% of partners were satisfied with the results of

the Ambicor prosthesis [20]. Montorsi in a series of

185 patients from a number of institutions reported

on the AMS 700 penile prosthesis with a 98% patient

satisfaction rate and 96% partner gratification [60].

In a multi-institutional report from Taiwan, where a
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Figure 18: Inhibizone coated AMS 700 implant showing

mottled yellow-orange color. 

Figure 19 :Mentor Titan prosthesis after soaking in blue

solution.



number of prostheses were used on 331 patients,

87% of patients were satisfied with the result [61].  A

multi-institution report from Italy surveyed a number

of patients with penile implants and Peyronie’s

Disease, 79% of the patients were satisfied and 75%

of the partners seemed pleased with the result [62]

The major reason for dissatisfaction in these cases

was the shorter size of the erection. Others reasons

for dissatisfaction include the fact that it did not feel

natural, that the sensitivity and drive were not as

good as they were in younger years, and that the part-

ner did not have as great a role in creating the erec-

tion as she once did. Satisfaction rates are considera-

bly higher than those reported for patients taking

medication or using vacuum devices to restore their

erections. 

Penile prostheses were introduced as the first effecti-

ve treatment for erectile dysfunction over 30 years

ago. They have an important role in the treatment of

erectile dysfunction when medication has been inef-

fective or ill advised and vacuum erection devices

have proven unsatisfactory. Repair rates in the range

of 10-20% at five years are very acceptable and com-

pare favorably with other mechanical products.

Although they are the least chosen and most invasi-

ve treatment option, they have the highest satisfac-

tion rate of all available options. They provide a pre-

dictable and reliable result. Virtually any patient who

is motivated and medically suitable to continue with

sexual activity, can be a candidate for placement of

these devices. 

The curative application of negative pressure was

well established in 19th century medicine. M. Junod

used a “Vacuum Exhausting Receiver” to apply

negative suction to different areas of the human body

including the extremities in order to heal conditions

like headache, vertigo or menstruation problems

[63].

By stating that “the glass exhauster should be care-

fully applied to the part, once a day” the American

physician John King was the first to suggest a conti-

nuous and repeated application of a vacuum device

to the penis for the cure of impotence in 1874 [64].

The Viennese physician Otto Lederer made the signi-

ficant improvement of adding a compression ring to

the use of the vacuum device to facilitate an on-

demand erection. His “device for the artificial erec-

tion of the penis“ was patented in Germany in 1913

and four years later in the US a patent was issued.

In 1960 Geddings D. Osbon constructed the “Youth

equivalent device” for his own personal use and star-

ted a company to manufacture this vacuum device in

1974. Only in 1982 he was given final permission by

the Food and Drug Administration and received the

US patent on March 29th 1983 [65].

The efficacy and safety of the device was first repor-

ted in the medical literature by Nadig and colleagues

in 1986 [13]. Since that time numerous VCD have

been approved by the Food and Drug Administra-

tion, although they all share similar device characte-

ristics. VCD are currently recognized as the safest

and least expensive treatment available for erectile

dysfunction [66-70]. A total of 140 citations in Med-

line includes randomized controlled trials, a metaa-

nalysis, as well as numerous prospective and retros-

pective studies. The committee did not review the

devices used for the treatment of female sexual dys-

function.

VCD cause rigidity by means of negative pressure

suction and trapping of blood in the penis with an

elastic band, disk or O ring around the base of the

penile shaft [70]. Vacuum pressure > 100 mm Hg but

not in excess of 225 mmHg is necessary to achieve

erection in the majority of patients [71]. The blood is

probably trapped in a number of different compart-

ments in the penis, including subcutaneous tissue

and the corpus cavernosum. Reduced xenon washout

of the corpora cavernosa has been demonstrated with

the Erec Aid system [72], and others have shown that

the corporal diameters double after vacuum disten-

sion and placement of the constriction device [73]. 

Excessive negative pressure can cause bruising and

hematoma and thus a vacuum pressure regulator is

essential. Constriction sufficient to maintain rigidity

can be maintained without risk for up to 30 minutes.

II. MECHANISM OF ACTION

I. HISTORY

B. VACUUM CONSTRICTION

DEVICES (VCD)
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However, a significant decline in amplitude of the

pulse volume occurs. Although persistent reduced

blood flow during constriction has been described by

one group using plethysmography [71], others found

no arterial flow after constriction using duplex Dop-

pler sonography [73]. 

Almost all men with ED can successfully achieve

erection with VCD [70]. Success depends on appro-

priate instruction, and in a recent prospective study

92% of post prostatectomy patients were able to

obtain erection by the second demonstration [74].

Although one study reported that men with extensi-

ve scarring and deformity of the penis, such as after

infected prosthesis, are highly likely to fail with

VCD [75], expert opinion suggests that even this

population may benefit from VCD. Patient time

commitment to obtain and use the VCD was calcula-

ted at 1-1.5 days; individual instruction in its use

should be provided [70]. Printed material and video-

tape instructions are less effective in ensuring suc-

cessful use than demonstration by a physician or

experienced medical assistant [76].

No absolute contraindications to the use of VCD

have a basis in the literature. Although the UK Panel

on ED [77] mentions bleeding disorders as a poten-

tial reason not to use VCD, at least one prospective

study has shown no increased risk of complications

of VCD in patients taking warfarin [78]. Thus, the

weight of evidence suggests safety for VCD in the

face of coagulopathy or anticoagulation therapy. 

Only prescription equipment should be used and

metal or other inelastic rings are contraindicated.[70]

Consisting of a transparent plastic chamber, a

manual or battery-powered vacuum and elastic band

or other constriction device, the VCD must be of a

length and diameter sufficient to accommodate the

patient’s penis. Optimum sized openings allow the

distended penis to fill the cylinder without allowing

scrotal skin to be trapped in the device. A table of

devices is listed below (Table 3).

After applying a water-soluble lubricant to the base

of the penis and the contact area of the VCD, the

penis is placed in the chamber, pressing the base of

the chamber tightly against the pubic bone [70]. The

vacuum is applied for approximately six minutes.

Improved penile rigidity results from the technique

of double pumping: applying the vacuum for one to

two minutes, releasing pressure and reapplying it for

an additional three to four minutes. 

To maintain rigidity when the vacuum is released,

the constriction device is placed around the base of

the penis. In men with severe corporal venoocclusi-

ve dysfunction, multiple constriction rings are requi-

red to maintain rigidity [79].

The VCD causes penile rigidity sufficient for vaginal

penetration in most men regardless of the cause of

erectile dysfunction [80-82]. The accrued results

from nearly 20 clinical trials up to 1994 have been

summarized by the AUA Guidelines Panel (Table 4)

[70]. The overall probability of achieving return to

intercourse with VCD was of 0.757 with a 0.253 pro-

bability of drop out provides evidence for the effica-

cy of VCD. 

In the era of oral pharmacotherapy, utilization of

VCD appears to be decreasing with only a minority

of patients choosing to use the devices and conti-

nuing to use them long term [74, 83-85]. In one study

men using VCD were given sildenafil; of those who
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Table 3 . List of VCD

Manufacturer Device Name

Osbon ErecAid  

EuroSurgical Post-T-vac 

Genesis Active II/Impulse 

Owen Mumford Rapport 

Vet Co. UK Vet Co. 

Medwatch Erectease 

Mentor Rapport 



successfully achieved erection with both therapies,

2/3 chose oral pharmacotherapy over VCD [86].

Men who fail sildenafil and require intracavernosal

injections may be more likely to choose this modali-

ty over VCD, as was the case in a randomized cros-

sover trial, although no statistically significant diffe-

rences in patient or partner satisfaction were noted

between the two treatments [78, 87].

Efficacy has been demonstrated in a number of spe-

cialized populations including spinal cord injured

patients [88], cavernous venoocclusive dysfunction

[79], and men with diabetes [81, 82].

Dropout rates seem to have increased compared to

earlier data, with 40-65% of patients no longer using

the device, despite efficacy, one year later [78, 84,

89]. The VCD should be discussed in an unbiased

fashion including advantages and disadvantages [70]

Expert opinion suggests that the VCD remains effec-

tive and well accepted in certain couples, usually

older and in a stable relationship.

Case series, case reports, and expert opinion suggest

other potential uses for VCD. Vacuum devices have

been used to enhance responses and erection quality

in patients using ICI [90, 91]. One investigator was

able to show an increase in buckling pressure from

117-125 with ICI alone up to 565 mm Hg in combi-

nation with ICI [92].

Others have proposed using the VCD to augment

tumescence and improve erection quality in men

with penile prosthesis [87]. Finally, the device has

been used as a tissue expander after saphenous vein

grafting of the tunica albuginea, to prevent graft

contraction and enhance lengthening and girth

enhancement of the penile shaft [93, 94].

Patient and partner satisfaction appear to be closely

correlated (Table 4) and also depend on successful

erection [88]. Erection with VCD differs from nor-

mal vascular erection in a lower skin temperature,

cyanosis, venous distension and abnormally increa-

sed girth. Destabilization of the phallus may occur at

the point of constriction, which can impair penetra-

tion. Orgasm has been reported in up to 74% of

patients in a retrospective case series, although eja-

culation is inhibited or altered by the constriction

ring [78, 95].

The probability of discomfort, based on metaanaly-

sis, was calculated at .188 by the AUA Guidelines

panel for ED [70]. Severe pain is infrequently repor-

ted, as are dropouts for this reason. Local adverse

events occur with a probability of .095. These inclu-
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Table 4. Outcomes and complications of VCD.

Outcome of Treatment Vacuum Devices  

No. Studies/ Total n RESULTS 

Return to Intercourse Median 18 .757

95% CI 1,943 .668-.828 

Patient Satisfaction Median 20 .763

95% CI 859 .686-/826 

Partner Satisfaction Median 7 .742

95% CI 218 .582-.867 

Dropout Median 22 .253

95% CI 1072 .218-.291 

Local AE’s Median 18 .095

95% CI 884 .054-.150

Discomfort/Pain Median 20 .188

95% CI 2,48  .135-.254 

Drawn from AUA CLINICAL GUIDELINES . [70]



de petechiae, which may develop on the skin of the

penis as a result of capillary rupture after use of the

VCD. Ecchymosis and hematoma are uncommon,

but have been reported, particularly in men taking

aspirin or other anticoagulant drugs. Altered climax

and impaired ejaculation are commonly reported by

men using VCD.

Several case reports have documented the onset of

penile curvature due to use of the VCD [96-98].

Although it has been suggested that men with spinal

cord injuries and other neurological impairment of

penile sensation may have complications with the

constriction ring [99-101], one prospective study in

this population had demonstrated no such adverse

events [88].

The AUA Clinical Guidelines recommends that VCD

should be discussed in an unbiased fashion including

advantages and disadvantages, since VCD’s cause

adequate rigidity for penetration in most men regard-

less of etiology. In order to optimize efficacy and

safety, men interested in trying VCD should be given

individual instruction in its use. Only VCD’s avai-

lable by prescription should be used [70].

The UK Guidelines offer the following statements

[77]:

Low incidence of side effects; suitable for long term

use; suitable for a wide range of patients including

those who have failed other therapy. Disadvantages

include use in patients with bleeding disorders; lack

of spontaneity and cumbersome; erections can be

uncomfortable and ejaculation may be impaired;

pivoting at base of penis; cold penis for partner;

worse ability to attain orgasm vs. ICI with lower

satisfaction for patient and partner.

Future Directions 

Scientific studies are needed to address physiologi-

cal concerns, both in terms of limits of safe constric-

tion times as well as prospective studies to determi-

ne potential beneficial effects of distension, which

currently have no scientific basis. Finally, validated

anonymous instruments should be used to quantify

erectile function and patient and partner satisfaction

with the devices.

In 1948 the French surgeon René Leriche firstly des-

cribed arterial vascular impotence in the syndrome of

thrombotic obliteration of the aortic bifurcation

which today is named after him [102].

During the following years several strategies were

outlined to save or reconstruct the internal iliac arte-

ry during abdomino-pelvic vascular surgery to main-

tain or restore erectile function [103].

It was in 1973 when the Czech surgeon Václav

Michal, who had passed a two-year fellowship in

microvascular surgery at the Mount Sinai Hospital in

New York in 1968 and 1969, performed a direct ana-

stomosis of the inferior epigastric artery to the caver-

nous body (Michal I) as the first local revasculariza-

tion procedure [104].

Over the following years many modifications were

introduced by Michal and others, as e.g. by the Fren-

ch vascular surgeon Ronald Virag, who was also one

of the initiators of intracavernous injection therapy.

Penile arterial revascularization was initially embra-

ced as a means to correct vascular erectile dysfunc-

tion by improving blood flow to the cavernosal

bodies in patients with demonstrated narrowing of

the dorsal penile or central cavernosal arteries. The

vascular pathology identified can be unilateral or

bilateral, segmental or total. An early approach by

direct anastomosis of the epigastric artery (Michal I)

to the corpus cavernosum was abandoned due to a

high rate of priapism and shunt thrombosis.

Advances in microsurgical technique allowed direct

arterial or venous anastomotic revascularization pro-

cedures that addressed the deficiency in arterial

inflow during sexual stimulation. These fall into two

broad categories, direct arterial anastomosis of the

dorsal artery/arteries (Michal II) or venous arteriali-

zation via the deep dorsal vein (Virag/Furlow-Fisher)

[105,106] A combined approach creates an arterio-

venous fistula between the dorsal artery and dorsal

penile vein (Hauri) [107].

I. ARTERIAL SURGERY - HISTORY

C. SURGERY FOR ARTERIAL

PATHOLOGY

XI. ROLE IN TREATMENT
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Evaluation for penile vascular disease and its classi-

fication ranges from simple pharmacotesting to

advanced dynamic duplex ultrasonography and

selective pelvic arteriography. Dynamic duplex

ultrasonography is an ideal screening tool for func-

tional assessment of arterial inflow and the corporo-

venous occlusive mechanism but is operator depen-

dant and cannot provide a comprehensive 3-dimen-

sional vascular image. Selective pudendal arteriogra-

phy is more accurate in identifying the location of

arterial lesions due to a significant incidence of ana-

tomic variants. [108,109]  Penile magnetic resonan-

ce angiography and multi-slice computed tomogra-

phy reconstruction are less invasive anatomic studies

but the current technology lacks the resolution achie-

ved by digital subtraction angiographic techniques.

[110,111]. 

There is no agreement in the literature on the testing

regimen necessary to identify the ideal patient for

revascularization procedures. [112,113] Patient

selection has been wide ranging though there is an

assumption of avoiding older patients, those with

diffuse atherosclerosis, diabetics, and those who

continue to smoke. Other series could not identify a

preoperative risk factor that predicted a poor revas-

cularization outcome [114] Corpus cavernosum elec-

tromyography, and cavernosal smooth muscle biop-

sy may have prognostic value but larger studies are

required to determine their role in patient selection.

[115] Choice of the specific procedure is generally

based upon the surgeon’s preference; the only speci-

fic caution is in using dorsal artery revascularization

in patients with significant corporovenous occlusive

dysfunction.

The epigastric artery is generally the inflow vessel

utilized, though a short segment of reversed saphe-

nous vein arising from the femoral vessels can also

be used. Harvesting of the epigastric artery is by a

paramedian incision or a laparoscopic technique

[116].  The inferior epigastric artery and vein are iso-

lated and divided at the level of the umbilicus to pro-

vide adequate length and tunneled through the sub-

cutaneous tissue to the base of the penis. Local Papa-

verine irrigation is used to prevent vasospasm and

systemic heparinization is administered. The penile

vessels are approached through a longitudinal inci-

sion made at the base of the penis. Buck’s fascia is

incised and the vessels are prepared for anastomosis

with surgical magnification with care being taken to

avoid injury by division or retraction of the dorsal

penile nerves.

An end-side anastomosis is performed between the

epigastric artery and the proximal dorsal penile arte-

ry. (Figure 20) Interrupted sutures of 9-0 to 11-0

nylon are placed using standard microsurgical tech-

nique. The contralateral dorsal artery can be anasto-

mosed end-side with the same vessel via a side bran-

ch of the epigastric artery or a side-to-side anasto-

mosis can be done.

The deep dorsal vein of the penis is isolated from the

suspensory ligament to the distal retro-coronal

plexus. In the Virag procedure the dorsal vein is ope-

ned and the venous valves rendered incompetent by

a vasculotome whereas the Furlow-Fisher modifica-

tion leaves them intact. The circumflex and emissary

collaterals are identified and ligated. Sarramon’s

modification leaves these collaterals intact. The epi-

IV. DEEP DORSAL VEIN ARTERIALI-

ZATION (DDVA) PROCEDURES

III. SURGICAL TECHNIQUE

II. INDICATIONS AND 

CONTRAINDICATIONS
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Figure 20: Epigastric Artery to dorsal artery end to side

anastomosis.



gastric artery is anastomosed end-to-side to the

proximal deep dorsal vein with interrupted sutures of

9-0 nylon. Upon completion of the anastomosis the

dorsal vein is ligated proximal to the anastomosis

and distally at the retrocoronal venous plexus. (Figu-

re 21)

In the original description by Hauri the vessels are

prepared as above. The dorsal penile artery and dor-

sal penile vein are opened longitudinally for an

extended length (~1.5-2.0 cm) and the adjacent wall

of each closed with 7-0 continuous suture creating a

common back wall. The epigastric artery is then ope-

ned for approximately 2 cm and anastomosed to the

arterio-venous lumen with continuous absorbable

suture to fashion a funnel shaped opening. (Figure

22) A modification of this procedure is described by

Loblenz that divides the dorsal artery followed by

proximal and distal end-to-side anastomoses into the

arterialized deep dorsal vein  [117] (Figure 23)

The mechanism by which a successful outcome is

achieved has not been fully elucidated. Postoperative

selective angiography following dorsal artery revas-

cularization has shown distal arterial outflow and

retrograde filling of the cavernosal arteries. The ori-

ginal concept of correction of penile hemodynamics

with increased venous outflow resistance and retro-

grade penile vascularization following venous arte-

rialization has not been conclusively demonstrated.

[118, 119]. Post revascularization penile perfusion

and scintigraphy by Drawz demonstrates perfusion

of the cavernosal bodies during erection. This func-

tional study was consistent with Doppler anastomo-

tic patency. There was no report of correlation with

VI. HEMODYNAMIC CHANGES OF

PENILE REVASCULARIZATION

V. ARTERIOVENOUS REVASCULA-

RIZATION PROCEDURES
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Figure 21 : Deep dorsal vein arterialization.

Figure 22: Hauri Procedure

Figure 23:  Loblenz modification of the Hauri Procedure



patient reported erection improvement [120].  It has

been proposed that increased intracavernosal endo-

thelial nitric oxide synthase production as a result of

the vascular shear stress and increased oxygen ten-

sion is associated with a chronic arteriovenous fistu-

la. Additional microstructural protection may be

afforded with reduction of transforming growth fac-

tor-ß1-induced collagen synthesis [121,122,123].

.The available literature before 1993 contains small

studies with various entry criteria and definitions of

treatment success. [124 ] A total of seven peer-revie-

wed papers and one recent abstract were published

and the data extracted in a manner consistent with

the working documents of the 1993 AUA guidelines.

(Table 5 (next page) – Table 6) To allow comparati-

ve outcome statements, the broadest definition of

treatment success was used. Success was defined as

a patient reporting “any” return of erectile functio-

ning sufficient for intercourse. A qualitative compa-

rison of erectile capacity was not possible to capture

in a meaningful manner. Additionally, improved

function was defined as a response to pharmacologic

augmentation, which may include vasoactive injec-

tion or oral PDE5 inhibitors, though the proportion

of each therapy was not reported. Additional data

was captured through sub-group analyses, where

specific populations were identified. Surgical com-

plications, where listed, were compiled according to

surgical procedure.

The goal of an invasive vascular procedure for erec-

tile dysfunction is to provide a durable and satisfac-

tory spontaneous erection with sexual stimulation

without relying on pharmacologic augmentation.

Using this narrowest criteria success ranged from 27-

94% for all procedures with no identified difference

in success between the dorsal arterialization, DDVA,

or arterio-venous surgeries. Postoperative vasoactive

therapy allowed an additional 15-47% to achieve

erections sufficient for intercourse, but it is unclear

the proportion of men who were non-responders to

this therapy preoperatively. 

In Sarramon’s series, postoperative evaluation with

the IIEF instrument showed a significant improve-

ment in all domains compared to the control erectile

dysfunction group from which the instrument was

derived [125]. However, there was a significant

reduction in erectile function when compared to the

control population. 28% had a successful outcome

using the arbitrary “normal erection” IIEF erectile

domain sum score of >26, and an additional 26%

were classified as “mild” (IIEF ED: 22-25). 

Penile revascularization appears to be well tolerated

and early anastomotic thrombosis is unusual. Signi-

ficant complications appear to be procedure specific,

particularly with venous or arterio-venous revascula-

rization. Glans hypervascularization occurred 0-21%

in 5/6 series requiring distal ligation, epigastric ban-

ding or arterial ligation in most cases (Table 7)

In 1873 the Italian Francesco Parona injected the

varicous dorsal penile vein of an impotent young

patient with hypertonic saline in order to cause scle-

rosis and by this reduce the excessive venous out-

flow.126

At the turn of the century surgical dorsal vein liga-

tion or resection was praticed by several American

doctors, as e.g. Henry Raymond (1895), James Dun-

can (1895), Joe Wooten (1902) and mainly Frank
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Table 6.  Individual Outcomes Sarramon. IJIR 9:127-133,

1997. Results by Risk Factors

Risk Factor N Unassisted Assisted Failure P

Age >50 53 40% 19% 42% 0.35

Diabetes 9 56% 11% 33% 0.77

Smoker 26 62% 9% 29% 0.16

Hypertension 11 60% 0% 40% 0.41

Hypercholest-

erolemia 9 44% 11% 44% 0.87

ED Duration 

>3 yrs. 27 50% 8% 42% 0.9

Positive ICI

test 10 60% 10% 30% 0.83
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Lydston (1908), who reported on 100 resections

[127].

Beginning in the 1930’s Oswald Swinney Lowsley

was the next protagonist of surgical treatment for

corporoveno-occlusive dysfunction. [128]  He com-

bined simple dorsal vein plication with a surgically

more advanced perineal crural technique in which he

plicated the bulbocavernous and ischiocavernous

muscles with several mattress sutures. After his ini-

tial report in 1935, he could follow-up 273 patients

of the more than 1000 patients operated upon in his

later publication from 1953. [129]

After these techniques disappeared from medical

literature the rebirth of corporoveno-occlusive dys-

function surgery took place in the 1980’s as a result

of the new area of investigation of erectile physiolo-

gy. [130]

In the physiologic model of normal erectile function

an intact veno-occlusive mechanism is necessary to

maintain the mechanical erection resulting from

smooth muscle relaxation and increased arterial

inflow. Reduction of venous outflow may improve

erectile response, assuming normal arterial inflow

and the absence of significant alterations of smooth

muscle function. The location and degree of venous

leak is variable, and can occur anywhere along the

tunica albuginea of the corpus cavernosum. [131]

Diagnostic dynamic duplex ultrasound can assess

arterial function and the presence of significant

cavernosal venous leakage by measuring peak arte-

rial flow and the calculated resistive index. [132]

Localization and severity of veno-occlusive dysfunc-

tion may be determined by invasive dynamic intra-

cavernosal cavernosometry and cavernosography

(DICC). [133] The technical goal of therapy

addresses the identified malfunctioning or ectopic

deep dorsal, crural, or cavernosal veins. The surgical

procedure has, over time, been expanded from

simple deep dorsal vein ligation to extensive surgical

exposure and vein ligation, excision, crural plication

and spongiolysis performed alone or in combination.

[134] Alternatively, venous arterialization has been

applied to decrease venous outflow, particularly

when coupled with crural venous ligation or crural

ligation and can be used in cases of mixed (arte-

rial/venous) vasculogenic erectile dysfunction.

[135,136,137,138] Antegrade or retrograde emboli-

zation with microcoils, sclerosing agents, or cyanoa-

crylate has been reported as a less invasive procedu-

re. [139,140,141] The antegrade embolization is

more technically demanding but in both approaches

intraoperative demonstration of successful venous

occlusion by cavernosography or cavernosal flow

rate reduction can be identified. Combined surgical

ligation and embolization has also been described.

[142]

Successful outcome of venous ligation surgery is the

return to satisfactory intercourse. This implies suffi-

cient rigidity and duration, ejaculatory control, and a

supportive relationship. Improved erections can be

interpreted as converting a non-responder to oral or

vasoactive injection therapy or a reduction in dose

required for successful intercourse. This may have a

secondary benefit in ameliorating the release of

intracavernosal drugs into the systemic circulation.

Most studies presented are retrospective analyses,

relying on the patient’s report of his sexual functio-

ning. No study has reported use of standardized

questionnaires for subjective improvement, nor has

improvement in quality of life as a result of the sur-

gical intervention been reported. 

There are generally no postoperative quantitative

vascular assessments, except in those cases of poor

response to the intervention. There is a time related

decline in successful function, presumably through

incomplete ligation, recanalization, cavernosa-spon-

giosum leak, or unrecognized presence/progression

of arterial pathology and/or smooth muscle dysfunc-

tion.  [143,144 ]

Meaningful data comparison between surgical series

is not possible due to the varying diagnostic criteria,

selection criteria, surgical techniques and varied

length of follow-up and outcome assessment. (Table

8) Case series with follow-up of more than one year

consistently show a defined unassisted success rate

of less than 50%.  [145,146,147,148,149]

In an attempt to define patient selection criteria

Sasso selected patients based upon mild cavernosal

leak, >30% cavernous smooth muscle by biopsy,

cavernosal oxygen tension >65 mm Hg, normal cor-

pus cavernosum EMG, and age <50. Each patient

met at least 3 of the above criteria and underwent

ligation of the superficial, DDV, circumflex and

emissary veins in addition to crural suture compres-

sion. In this highly select group 50% of patients at

long term follow-up (>1 year) reported unassisted

erections and 22% responded to vasoactive injec-

tions. [150] 

II. OUTCOMES OF VENOUS 

LIGATION SURGERY
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Table 8. Penile Venous Ligation Surgery for CVOD 

Study Date  # of Pts. Age Proced Followup    Outcome Type Outcome

Sasso [1] 1999   23 20-50 Superficial deep dorsal, 12 months,    Not specified 74% spontaneous

(mean 41) Circumflex and long-term erection

Emissary vein ligation at 12 months 

55% long-term

Popken [2] 1999 122 19-78    Superficial, deep, and 70 months    Questionnaire 14% Spontaneous

(mean 49) circumflex vein ligation erections 

19% ICI response

Al Assal [3] 1998   325 18-62 Ligation of DDV, 1-13 years    Not specified Age <40 years: 76% 

(mean 45) abnormal veins, “cured”

cavernosal veins Age >40 years: 58% 

cavernosal- “cured”

spongiosum shunts

Lukkarinen 1998 21 NA Ligation DDV, Min. 1 yr      Pt report 29% ‘good’

[4] +/- Cavernosal veins 52% ICI

Basar [5] 1998 26 NA Venous ligation 25 Months    Not specified 6 Months

15% complete

erection

23% partial erection

Schultheiss   1997 147 NA DDV ligation NA Patient report, 11.2% Spontaneous 

[6] questionnaire erection

DDV= deep dorsal vein; US= ultrasonography ICI= intracavernous injection NA= not available

Adapted from RAO AND DONATUCCI Urol Cl. N.A.. 22:316, 2001Ref. 146
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Surgical complications of wound infection, penile

curvature, skin necrosis, and painful erections have

been reported. Transient proximal penile numbness

can occur, and is thought to result from neuropraxia

at the time of penile suspensory ligament division.

Interventional radiology treatment as a minimally

invasive technology for CVOD has progressed with

improvements in techniques, imaging, and sclero-

sing agents. It has the advantage of small incisions or

a percutaneous access to the offending veins, intrao-

perative monitoring of intracavernosal flow rates,

and immediate confirmation of venous ablation.

[151,152]. A transfemoral intraluminal approach

provides access to multiple veins but requires signi-

ficant expertise and may be limited by the number of

veins that can be successfully visualized and occlu-

ded. A retrograde approach via the deep dorsal vein

is technically simpler, but will not address coexisting

crural venous pathology.

Several recent small series report results on a popu-

lation that is generally older than most surgical

series. The results, shown in Table 9, demonstrate a

long term patient reported success of 26-69%.  Youn-

ger patients with a lesser degree of CVOD and near

normal intracavernous oxygen tension had better

outcomes [153].

The procedures were well tolerated with transient

“vascular pain” and penile edema in most patients.

Mild symptoms of alcohol intoxication was reported

in all patients when this treatment was used. [113]

Venous arterialization can be utilized for patients

with significant CVOD and expands the potential

candidate pool by including those patients with

mixed arterial and venous pathology.

The outcome data specific to venous arterialization

surgical therapy for pure CVOD is limited. Results

of venous arterialization of selected studies are pre-

sented in Table 10. Kayigil’s series of 25 patients

include a retrospective application of IIEF Q3/Q4 for

postoperative efficacy. This demonstrated a signifi-

cant improvement in postoperative erectile functio-

ning with a statistically significant improvement of

mean scores. (Q3 1.55?3.44, Q4: 1.33?3.27). [154]

Both studies identified a correlation between the

length of follow-up and a reduction in defined suc-

cess that stabilized at more than one year.

VIII. RESULTS OF VENOUS ARTE-
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Table 9 . Results of Venous Embolization/Sclerosis For CVOD

Study Number Age Technique Agent Followup Outcome* 

Arjona, 2001 [1] 23 63 Transfemoral catheter Balloons/EtOH 22 mos. 26% complete 

Miwa, 2001 [2] 10 67.1 Open DDV cannulization Absolute EtOH 32 mos. 50% complete 

Peskircioglu, N-butyl cyanoacrylate 

2000 [3] 32 46 Open DDV cannulization 25 mos 69% complete 

Malossini, 1998 [4] 17 36 Open DDV cannulization Coils 34 73% “good” 

* By patient report

1 ARJONA M, OSTEROS R, ZARCA M, et al: Percutaneous embolization for erectile dysfunction due to venous leakage: Prognostic factors

for a good therapeutic result. Eur Urol 2001; 39:15-19.

2 MIWA Y, SHIOYAMA R, ITOU Y, et al: Pelvic venoablation with ethanol for the treatment of erectile dysfunction due to veno-occlusive

dysfunction. Urology 2001; 58:76-79. 

3 PESKIRCIOGLU L, TEKIN I, BOYVAT F, et al: Embolization of the deep dorsal vein for the treatment of erectile impotence due to veno-

occlusive dysfunction. J Urol 2000; 163:472-5.

4. ALOSSINI G, FICARRA V, CAVALLERI S, et al: Long term results of the veno-occlusive percutaneous treatment of erectile disorders of

venous origin. Arch Ital Androl 1998 70:203-209.



The concept of surgically correctable erectile dys-

function that restores sexual function without the

need for pharmacological agent or implantable devi-

ce is very appealing. However, the application of

these procedures in the highly selected patient by

surgeons experienced with the various techniques

results in a variable outcome. The precise mecha-

nism by which these procedures yield their benefit

has not been fully elucidated. Revascularization and

venous ligation procedures have not demonstrated

the necessary surgical simplicity and reproducibility

of results to make them a widely applicable treat-

ment option for erectile dysfunction [155,156]

There is still a need for further study with well defi-

ned diagnostic criteria, surgical techniques, and stan-

dardized patient and partner outcome assessment.

Development of validated instruments to assess sur-

gical outcomes is important and may allow compari-

son to currently available medical therapy. Though

the greatest level of confidence identifying specific

outcomes is achieved with randomized controlled

trials, this is unlikely to be accomplished. Continued

data collection by those surgeons performing vascu-

lar procedures must be done with attention to pre-

senting the outcomes data clearly. This would allow

capture of the pertinent data to fulfill the criteria of

Evidence–Based-Medicine.

Previously, the NIH Consensus Development Confe-

rence Statement (1993) and the Clinical Guidelines

Panel on ED of the American Urological Association

(1996) concluded that the use of penile ligation and

penile revascularization should be performed in a

research setting with long-term follow-up available.

157,70 The small number of patients with well docu-

mented vasculogenic erectile dysfunction failing

other treatment modalities is small and the expertise

and volume required for technical success places

these procedures outside of a general urological or

surgical practice. It is the conclusion of this commit-

tee that with the current review of evidence based

analysis there are no additional outcomes data of suf-

ficient quality or quantity to supercede this recom-

mendation. The committee recommends that all

patients be given detailed informed consent of the

current uncertainties of this procedure, alternative

therapies and the need for long term follow-up. If

venous or arterio-venous revascularization proce-

dures are being considered, then additional discus-

sion of glans hypervascularization complications and

the high probability for secondary corrective surgery

is required. It is the hope of this committee that as

time and research progresses, the standardization of

the diagnosis and treatment of penile vascular disea-

se will determine the patient attributes and specific

surgical procedure that will provide predictable and

durable results.
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As is clear from the other chapters in this compendium, incredible advances have been made in the understan-

ding, diagnosis and treatment of sexual dysfunction/disorders. In the case of erectile dysfunction, this has led

to an improved understanding of the molecular and cellular mechanisms of action of nearly all of the current-

ly used drug therapies. In the sections that follow, the basic research underlying the putative mechanism of

action (MOA) of the available centrally and peripherally acting drugs is reviewed. 

These reviews are accompanied by two summary figures (Figures 1, 2), that provide a conceptual framework

for understanding this field of medical therapy. In addition, a detailed summary table (Table 1) is given, which

outlines as much as possible, the specific MOA of these drugs. In the last MOA section, which deals with the

exciting developments in the PDE5 field, there are three additional figures (Figs. 3-5) and an additional Table

(Table 2), to provide an exquisite level of detail about the currently most explosive area of drug research and

development in erectile dysfunction. 

We hope this material will assist the interested physician/health care provider in better understanding the

actions of currently available drugs, and in better educating their patients about the same.

INTRODUCTION

A. MECHANISM OF ACTION AND BASIC SCIENCE OF ED 

PHARMACOTHERAPIES
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Figure 1 : Schematic depiction of the general classification and putative sites of action of the currently used drugs for the treatment of erectile dysfunction.
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Figure 2 : Schematic diagram showing the mechanism of action and impact of currently used drugs at the level of the corporal smooth muscle cell. +: denotes stimulatory pathway,

and -: denotes inhibitory pathway. Where PKA, PKC and PKG denote protein kinases A, C and G respectively, DAG denotes diacyl glycerol, MLC20 denotes myosin light chain,

SMPP denotes smooth muscle myosin phosphatase, Cam denotes calmodulin, MLCK denotes myosin light chain kinase, Rho A denotes Rho A kinase, and Gq and Gs denote the G

protein coupled to activation of Phospholipase C and adenylate cyclase enzymes, respectively. 
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Table 1 : Mechanism of action summary  

(Legend:  IC: Intracavernosal; IU: Intaurethral; EP: Prostaglandin receptor; VIP: vasoactive intestinal polypeptide; NTG: nitroglycerine)



Although the mechanisms underlying erectile func-

tion are not fully understood, advances have been

made regarding the interplay of central and periphe-

ral mechanisms. It is now widely agreed that central

disinhibition plays a crucial role in the induction of

erectile responses and this has led to the develop-

ment of the central enhancer, the dopaminergic sub-

stance apomorphine. Apomorphine acts in the para-

ventricular nucleus of the hypothalamus as a dopa-

mine (D2) receptor agonist. It works as a pro-erecti-

le conditioner at this level to increase the responses

of the erectile pathway following appropriate sexual

stimulation. Certainly, understanding the role of cen-

tral pathways/mechanisms in the control of the erec-

tile process is critical to elucidating the mechanism

of action of this newer class of orally active erecto-

genic agents. Chapters 10 & 11 in this volume deals

in great detail with this subject, and thus, only a brief

summary is given below.

Physiological erections are initiated, in large part, by

central stimuli. Depending on the type of stimulus,

various areas of the cortex are involved like the occi-

pital region for visual, the rhinencephalic for olfacto-

ry, the thalamic for tactile and the limbic region for

imaginative stimuli. There is good evidence that these

and other stimuli from higher centers are sending

inputs to hypothalamic nuclei (medial preoptic area

(MPOA), paraventricular nucleus (PVN)). The

MPOA contains a high density of neurons that

concentrate androgens and shows an extensive inter-

connection to the limbic system and the lower autono-

mic brain stem nuclei. The role of the MPOA is to

recognise sensory stimuli from the higher brain

centres and integrate them with sexual motivation and

copulatory motor programmes. The MPOA plays an

important role in the erectile response, and both phar-

macological and electrical stimulation of the MPOA

results in erection in anaesthetised rats (Giuliano et al.,

1997: Sato & Christ, 2000; Sato et al., 2001). The

MPOA is also involved in maternal behaviour

(Numan, 1988) thermoregulation (Kanosue et al.,

1994) and thirst (Bourque et al., 1994). 

The PVN also seems to integrate the input from higher

centers (Melis & Argiolas, 2002; Melis et al., 2003)

and contains premotor neurones that project directly

onto spinal autonomic preganglionic neurones. The

PVN plays a key role in the erectile response and

pharmacological or electrical stimulation of this small

hypothalamic nuclei results in seminal discharge in

unanaesthetised rats (Eaton, 1991) and erection and

ejaculation in anaesthetised rats (Chen et al., 1997).

Dopaminergic neurones belonging to the incertohypo-

thalamic dopamine system are the main components

of the PVN. These dopaminergic neurones impinge on

oxytocin containing neurones (Bujis et al., 1984). The

PVN is believed to be the nucleus where apomorphi-

ne acts as a dopaminergic substance. From the PVN,

signals are then transmitted to the brainstem nuclei

(periaqueductal grey (PAG), nucleus paragigantocel-

lularis (nPGi) and raphe nuclei) and then to the per-

iphery of the erectile axis (Marson & McKenna, 1990,

1992; Sancila et al., 2002).

Dopamine is one among a number of important cen-

tral neurotransmitters involved in the initiation of

erection. Dopamine is the main transmitter within the

PVN (Eaton, 1991; Allard et al., 2002) that, as discus-

sed above, plays an important role in the central

control of erection. Dopamine receptors are divided

into two main families D1 and D2-like receptors that

are in turn further subdivided into D1 to D5 receptor

subtypes. Apomorphine has a higher affinity for the

D2-like receptors (Rampin et al., 2003) that are

thought to be the main site for the induction of erec-

tions in the PVN (Chen et al., 1999) Apomorphine is

therefore postulated to increase erectile responses by

acting as a conditioner in the PVN, increasing the res-

ponse to sexual stimuli resulting in enhanced erections

induced in the periphery (Brien et al., 2002). 

In summary, apomorphine is an agonist of the D1-

and D2-receptor subtypes that are mainly located in

the paraventricular nucleus of the hypothalamus.

Oxytocinergic neurons in this nucleus are responsive

to the administration of apomorphine via activation

of both the D1-and D2-receptor subtypes, which sub-

sequently induces a cascade of events that reach the

periphery to elicit penile erection. It has been sug-

gested that nitric oxide acts as a cofactor at the level

of the paraventricular nucleus of the hypothalamus

with regards to the activation of the oxytocinergic

neurons (Melis & Argiolas, 1996). In this scenario,

the presence of nitric oxide is thus mandatory in

order to allow for the action of apomorphine. Apo-

moprhine SL has recently been approved for marke-

ting in Europe at the doses of 2 and 3 mg. The erec-

togenic effects are usually seen within 20 minutes of

its administration; provided the presence of an ade-

quate sexual stimulation.  

1.I. APOMORPHINE

CENTRALLY ACTING

DRUGS
1.
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Melanotan II is a synthetic nonselective analog of α-

melanocyte–stimulating hormone (α-MSH). α-MSH

and adrenocorticotrophin, known as the melanocor-

tins, are derived from proteolytic cleavage of the pre-

cursor, pro-opiomelanocortin. Melanocortins are

implicated in the regulation of sexual behaviour

including penile erection, sexual motivation and in

the female rat the secretion of sexual attractants from

the preputial gland (Thody AJ et al, 1981, van der

Kraan et al, 1998). Through cloning techniques five

types of melanocortin receptors (MC1, MC2, MC3,

MC4, and MC5) have been characterized (Wikberg

et al, 2000).

Injection of α-MSH into the rat hypothalamic per-

iventricular region induces grooming, stretching,

yawning and penile erection. Grooming, stretching

and yawning but not penile erection seem to be

mediated by MC4 receptors which are found almost

exclusively in the central nervous system especially

in the hypothalamus of the rat (Vergoni et al, 1998;

Argiolas et al, 2000). A significant central role for

the MC3/MC4 receptor subtypes in modulating the

Melanotan II-induced intracorporal pressure

increases in the rabbit has been documented (Vemu-

lapalli et al., 2001). Another recent study (Van der

Ploeg et al., 2002) has provided strong support for an

MC4-receptor-mediated proerectile response in spi-

nal cord erectile centers, as well as at the level of the

somatosensory afferent nerve terminals in the mouse

penis. Moreover, a similar distribution of the MC4
receptor subtype has been found in the correspon-

ding rat and human tissues. Therefore, while the

melanocortin receptor subtype(s) that mediate the

proerectile effects of Melanotan II/melanocortins

1.II. MELANOCORTIN AGONIST:

MELANOTAN II and PT-141
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have not been unequivocally identified, a role for the

MC3/MC4 receptors seems likely.

Melanotan II delivered subcutaneously has been

reported to initiate penile erection in normal men as

well as men with psychogenic and organic ED (Dorr

et al, 1996; Wessells et al, 1998, 2000). It is also

noted to significantly increase sexual desire (Wes-

sells et al, 2000). The frequent side effects associated

with melanotan II administration are nausea and

stretching/yawning.

Trazodone, a serotonin reuptake inhibitor, is a non-

tricyclic antidepressant that has been associated with

prolonged erection and priapism when administered

orally in depressive patients. 

In healthy volunteers trazodone dose dependently

increased NPT following REM related erections and

blocked the detumescence phase of erection, which

is under sympathetic control, thereby prolonging the

erection (Saenz de Tejada et al, 1991). In vitro, tra-

zodone attenuated human corporal muscle contrac-

tion elicited by both electrical stimulation of adre-

nergic nerves and exogenous noradrenaline (Adaikan

& Ratnam, 1988; Saenz de Tejada et al, 1991). Com-

petitive radioligand binding studies indicate that tra-

zodone has high and moderate affinity for human

α1- and α2-adrenoceptors, respectively (Krege et al,

2000). In contrast to trazodone, m-chlorophenylpipe-

razine (m-CPP) did not significantly affect caverno-

sal contractions induced by electrical stimulation and

exogenous noradrenaline (Saenz de Tejada et al,

1991). Thus, the proerectile action of trazodone is

likely to be related to the α-adrenoceptor blocking

property of trazodone in erectile tissue. 

However, m-CPP, the main metabolite of trazodone,

is a serotonin agonist. m-CPP is capable of eliciting

an increase in spontaneous firing of the cavernous

nerve accompanied by an increase in cavernous pres-

sure in the anaesthetized rat (Steers & de Groat,

1989). 

Subcutaneous administration of m-CPP induces

penile erection in rats. The proerectile property of m-

CPP involves activation of 5-HT-2C receptors locali-

zed in the lumbosacral spinal level of the rat (Millan

et al, 1997; Bancila et al, 1999). The neuro-modula-

tory role of m-CPP on penile erectile activity contri-

buting to pharmacological action of trazodone in

human is not clear.

Delequamine is a more specific and selective α2-

adrenoceptor antagonist than yohimbine (Brown et

al, 1993). α2-adrenoceptors are present on the nora-

drenergic cell bodies in the locus coeruleus and their

presynaptic terminals throughout the brain. The cen-

tral effect of α2-adrenoceptor blockade by delequa-

mine is an increased noradrenaline level at the

synapse by blocking re-uptake leading to sexual

arousal (Bancroft, 2000). In rat mating experiments,

delequamine dose dependently increased sexual

behaviour, but unlike yohimbine, it did not affect eja-

culatory function, which is mediated via 5-HT-1A
receptors (Tallentire et al, 1996)

In human corpus cavernosum, norepinephrine (NE)

and epinephrine may activate postsynaptic α2-adre-

noceptor subtypes, in addition to activating α1-adre-

noceptor subtypes, on smooth muscle cells, contribu-

ting to local control of human corpus cavernosum

smooth muscle tone in vivo (Traish et al, 1997). 

A centrally mediated effect of delequamine in humans

is supported by the findings that intravenous infusion

of low dose of the drug in the normal controls produ-

ced an increase in NPT during non-REM sleep, and

with the high dose, spontaneous erections occurred

just before sleep onset (Bancroft et al, 1995). 

During the waking state, normal controls reported

significantly higher subjective ratings of sexual arou-

sal before erotic stimulation and increased likelihood

of spontaneous erections or significant prolongation

of erectile response to visual erotic stimuli following

high dose of delequamine (Munoz et al, 1994). 

As with the putative α2−adrenoceptor actions

yohimbine (see Table 1), delequamine may also have

a dual MOA. Specifically, delequamine may serve as

a conditioner in the CNS by blocking the prejunc-

tional α2−adrenoceptors and thereby increasing

noradrenergic neurotransmission to enhance sexual

function. In addition, delequamine may also block

distinct prejunctional α2−adrenoceptors that are

sympatholytic (blockade increases NO release; see

discussion of yohimbine above). Finally, delequami-

ne may provide an additional sympatholytic compo-

nent via blockade of postsynaptic α2−adrenoceptors

on  smooth muscle cells (again, promoting relaxa-

tion; see Table 1). Obviously, clinical efficacy

implies that the balance of the potential sympatho-

mimetic and sympatholytic actions favors the later.
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Nalmefene, derived from naltrexone, is a long-acting

opioid receptor antagonist. Intravenous bolus admi-

nistration of nalmefene in male rhesus monkeys

leads to significant increases in plasma LH and tes-

tosterone levels with no change in LH or prolactin

pulse frequency or amplitude (Mello et al, 2000).

Nalmefene treatment in older impotent men also

increases the activity of the hypothalamic-pituitary-

gonadal axis, which manifests as a significant increa-

se in serum testosterone, LH and FSH, but no chan-

ge in NPT (Billington et al, 1990). 

Apart from exerting inhibitory effects on male sexual

drive and performance, endogenous and exogenous

opioids also exert an inhibitory influence on hypo-

thalamic LH releasing hormone (LHRH), which sti-

mulates the pulsatile release of LH from pituitary

gonadotropes (Crowley & Simpson, 1978; Cushman,

1972; McIntosh et al, 1980, Mirin et al, 1980). Nal-

trexone and naloxone, which are opiate antagonists,

have been shown to facilitate male copulatory beha-

viour (Wu & Noble, 1986; Myers & Baum, 1979).

The facilitatory effect of naloxone on masculine

sexual performance in the rat is associated with a

drug-induced release of LHRH (Myers & Baum,

1980). 

Naltrexone therapy was documented to significantly

improve sexual performance in 11 out of 15 idiopa-

thic ED patients (Fabbri et al, 1989). However, in a

double blind study of 20 patients with idiopathic ED,

Brennemann et al (1993) reported no significant

effect on libido and frequency of intercourse. In both

studies, naltrexone consistently increases the inci-

dence of spontaneous early morning erections

without significant modification of plasma gonado-

trophin levels. The efficacy of naltrexone does not

appear to be correlated to the hormonal effect of nal-

trexone.

Naltrexone therapy may, thus, be beneficial in ED

patients with altered central opioid tone. 
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Yohimbine is an indole alkaloid from the cortex of

the Coryanthe yohimbe tree, which has been claimed

to have aphrodisiac activity. The principal pharma-

cological action of yohimbine is as an α2-adreno-

ceptor antagonist. α2-adrenoceptors are located both

peripherally and centrally (especially in the locus

coeruleus neurons; see below), which are associated

with sexual arousal and response.

Peripherally, pre- and post-junctional α2-adrenocep-

tors are present in the human penile erectile tissues

(Molderings et al, 1989; Traish et al, 1997). Activa-

tion of presynaptic α2-adrenoceptors in erectile tis-

sue inhibits the release of noradrenaline at the sym-

pathetic nerve endings, hence reducing the sympa-

thetic transmission (Molderings et al, 1989). 

Yohimbine then, as a presynaptic α2-adrenoceptor

antagonist, is expected to increase sympathetic trans-

mission and promote smooth muscle contractility.

However, the occurrence of distinct pre-junctional

α2-adrenoceptors in horse penile resistance arteries

has also been reported and stimulation of these

receptors inhibit nitrergic transmitter release (Simon-

sen et al, 1997).  Blocking these pre-junctional α2-

adrenoceptors would, therefore, effectively enhance

NO release. As such, blockade of prejunctional α2−
adrenoceptors can have both sympathomimetic and

sympatholytic effects at the end organ (peripheral)

level; the balance of these actions presumably favors

the latter. This might be one of the mechanisms by

which yohimbine induces penile arterial relaxation.

Recent data also indicate that yohimbine may media-

te relaxation of human and rabbit corpus cavernosum

via release of nitric oxide from endothelium, which

is androgen dependent (Filippi et al, 2002). Finally,

antagonism of post-junctional α2-adrenoceptors,

which mediate contractions of corpus cavernosum,

by yohimbine may play a role in facilitating penile

erection.

Experimental data show that central α2-adrenocep-

tors are implicated in the regulation of male sexual

behaviour (Sala et al, 1990). Clonidine, a selective

α2-adrenoceptor agonist, administered intracerebro-

ventricularly or in the medial preoptic area of the

2.I. YOHIMBINE
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hypothalamus suppressed copulatory behaviour in

male rats and yohimbine prevented the copulatory

suppression induced by clonidine (Clark, 1991).

Yohimbine has also been demonstrated to increase

sexual motivation in sexually experienced male rats

and induce sexual activity in sexually naïve or pre-

viously inactive rats (Clark et al, 1984, 1985). In

sexually exhausted intact rats, yohimbine is able to

reestablish copulatory behavior whereas in rats

administered a neurotoxin (DSP4, to cause a lesion

in the central noradrenergic system), yohimbine, but

not naloxone (opioid antagonist) or 8-OH-DPAT

(5HT1A agonist) restored partially sexual perfor-

mance. These findings indicate that the integrity of

the central noradrenergic system is essential for

sexual behaviour (Rodriguez-Manzo & Fernandez-

Guasti, 1995).

The site of action of yohimbine in human as a pro-

erectile agent is not well defined. Yohimbine may act

peripherally by dual mechanisms: 

1) a post-junctional α2-adrenoceptor antagonist,

although the predominant subtype of α-adrenocep-

tors in penile tissue is of α1-subtype, and 

2) By releasing relaxing factors such as nitric oxide.

The effect of intracavernous yohimbine has not been

determined, however, intracavernous injection of

another α2-adrenoceptor antagonist, idazoxan, had

no erectogenic effect in man (Brindley, 1986).

Yohimbine, as demonstrated in rats, may presumably

act through central α2-adrenoceptor increasing nora-

drenergic transmission to enhance sexual function in

human.

Phentolamine is a non-selective α-adrenoceptor

antagonist with similar affinity for α1- and α2-adre-

noceptors. Both post-junctional α1- and α2-adreno-

ceptors mediating contractions are present in corpus

cavernosum and penile vascular smooth muscle

(Molderings et al, 1989; Christ et al, 1990; Traish et

al., 1998; Simonsen et al, 1997). Pre-junctional α2-
adrenoceptors in the corpus cavernosum modulate

stimulus-evoked release of noradrenaline from sym-

pathetic nerves in the erectile tissue (Molderings et

al, 1989), whereas those in the horse penile resistan-

ce arteries regulate the release of nitrergic transmit-

ter (Simonsen et al, 1997).

Phentolamine mesylate induced relaxation of corpus

cavernosum erectile tissue is thought to occur by

direct antagonism of α1- and α2-adrenoceptors, as

well as by indirect functional antagonism via a non-

adrenergic, endothelium-mediated mechanism sug-

gesting nitric oxide synthase activation (Traish et al,

1998; Vemulapalli & Kurowski, 2001). The clinical

utility of phentolamine is presumably a reflection of

the contribution of adrenergic neurotransmission to

the maintained rugosity of the penis, and thus, inhi-

bition of α-adrenoceptor activity alone may be suffi-

cient for erection to commence (Adaikan, 1979;

Adaikan et al, 1986; see Chapter 10 for a full des-

cription of the role of the α-adrenoceptor pathway in

penile erection and detumescence). 

Oral/intracavernosal phentolamine therefore may

facilitate penile erection by inhibiting the functional

predominance of α1-adrenoceptor activity that main-

tains erectile tissues in a non-erect state. Attenuation

of the opposing adrenergic contractile response

enhances NO-mediated corpus cavernosum relaxa-

tion. Furthermore, phentolamine may delay detu-

mescence, which is mediated by noradrenaline,

contributing to the maintenance of penile erection.
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Major research efforts have led to the production and

development of compounds that are selective and

potent in inhibiting particular PDEs (Corbin and

Francis, 2002; Ballard et al, 1998; Rotella DP, 2002;

Hellstrom et al, 2002; Klotz et al, 2001; Lue 2000;

Montorsi et al, 2003; Padma-Nathan et al, 2001;

Padma-Nathan et al, 2002; Hellstrom et al, 2003).

The clinical success and public interest have resulted

in the generation of an enormous amount of infor-

mation and data regarding the mechanism of action

of these groundbreaking treatments for erectile dys-

function. The salient aspects of this ever growing

database are reviewed below.

Sildenafil (Viagra™) is the first commercialized

compound in this class.  This class has been recently

joined by vardenafil (Levitra™) and tadalafil (Cia-

lis™). Vardenafil has a similar structure to sildenafil

but the structure of tadalafil is significantly different

(Fig. 3). As will be discussed below, vardenafil is

more potent than sildenafil in vitro to inhibit PDE5,

and this difference is explained by differences (see

arrows) in molecular structures of these two com-

pounds. We should note that potency is an in vitro

measure of a drug concentration that elicits an

action. It is not a direct measure of clinical efficacy.

More potent does not necessarily mean more clini-

cally efficient.

Part of the ring structure of sildenafil or vardenafil is

similar to that of caffeine (see dashed ovals). This

same ring structure is similar to a ring structure in

cGMP. This is important since these drugs are com-

petitive inhibitors of cGMP for PDE5, and they pre-

sumably form some of the same molecular interac-

tions as cGMP forms with amino acids in PDE5

(hydrogen bonds, hydrophobic stacking interactions,

van der Waals contacts, ionic interactions, etc). Even

though the tadalafil structure differs significantly

from those of the other two inhibitors, its molecular

mechanism of action is believed to be similar.

The normal pathway for penile erection (Fig. 4) is

initiated by sexual arousal, which stimulates release

of nitric oxide at nerve endings in the penis. Another

source of nitric oxide is vascular endothelial cells. As

described elsewhere in this chapter, nitric oxide dif-

fuses into vascular smooth muscle cells in the penile

corpus cavernosum to cause stimulation of guanylyl

cyclase and elevation of cGMP in these cells (Ignar-

ro et al, 1990; Burnett et al, 1992). This leads to acti-

vation of cGMP-dependent protein kinase (PKG),

phosphorylation of several proteins, and lowering of

cell calcium, which results in smooth muscle relaxa-

tion.  The increased accumulation of blood in corpus

cavernosum caused by this relaxation is the under-

lying basis for penile erection. The pathway shown

in Fig. 4 may not work properly if the cGMP level in

corpus cavernosum smooth muscle cells is not eleva-

ted sufficiently or if relaxation of smooth muscle in

this tissue is deficient/incomplete (Corbin and Fran-

cis, 1999; Jeremy et al., 1997). 

3.I. PDE 5 INHIBITORS

PERIPHERALLY
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Figure 3 : Molecular structures of sildenafil, vardenafil,

and tadalafil as compared with those for caffeine and

cGMP.  Arrows denote differences between structures of sil-

denafil and vardenafil.



There is where the PDE5 story comes into play. That

is, PDE5 inhibitors enhance erectile function during

sexual stimulation by penetrating into smooth

muscle cells and inhibiting PDE5, which is an enzy-

me that degrades cGMP. This results in decreased

degradation of cGMP, which maintains higher cellu-

lar levels of cGMP in both corpus cavernosum and

the vessels supplying it. This increases relaxation of

the smooth muscle, which dilates the corporeal sinu-

soids resulting in increased blood flow, allowing an

erection to occur.  PDE5 inhibitors increase the cell

cGMP by competitively inhibiting PDE5, which trig-

gers penile erection. PDE5 inhibitors do not increase

the nitric oxide level, but they potentiate the nitric

oxide effect to stimulate erection. Without sexual

arousal, which triggers the nerve-nitric oxide path-

way, these inhibitors are ineffective. The same type

of synergistic effect between PDE5 inhibitors and

nitric oxide was found at the time of discovery of the

caffeine inhibitory effect on PDEs more than forty

years ago (Robison et al., 1971), whereby caffeine

was shown to be synergistic with epinephrine to ele-

vate cAMP in dog liver. In other words, caffeine

alone had little if any effect on metabolism of seve-

ral isolated tissues, but when added together with a

stimulator (such as epinephrine or glucagon) of

cAMP production, which also had minimal effect

when added alone, caffeine had a pronounced effect

to increase cAMP as well as the tissue metabolic res-

ponse to cAMP. This same principle also applies to

the combination of PDE5 inhibitor and nitric oxide

(sexual arousal) in the cGMP pathway that causes

penile erection.

PDE5 was discovered by Corbin and colleagues

(Lincoln et al, 1976; Francis et al, 1980). A cartoon

of the enzyme structure is shown in Fig. 5. Each of

the two subunits of PDE5 has a catalytic domain and

a regulatory domain. The catalytic domain, but not

the regulatory domain, is the target of PDE5 inhibi-

tors. The catalytic domain contains a single binding

site for cGMP. When cGMP occupies this site the

catalytic machinery (paired black structures), which

is located very near the catalytic binding site, is

brought into close proximity and breaks the cyclic

phosphate bond of cGMP to form linear 5’-GMP.

This dampens or terminates cGMP action. The cata-

lytic machinery has been shown to utilize divalent

cations such as Zn++ (Francis et al, 1994). Because

they have similar structures as cGMP, sildenafil or

other PDE5 inhibitors can also occupy the catalytic

site, thus blocking access to cGMP. In fact, sildena-

fil occupies the site about 1000 times more avidly

than does the natural substrate, cGMP. However, the

PDE5 inhibitors are not broken down by the cataly-

tic machinery. Occupation of the catalytic site by

these inhibitors competitively inhibits cGMP break-

down since cGMP cannot bind to gain access to the

catalytic machinery. Inhibition of cGMP breakdown

leads to elevation of cGMP in smooth muscle cells of

the penile corpus cavernosum, resulting in relaxation

of the muscle and penile erection.

Although the catalytic domain of PDE5 is the direct

target of PDE5 inhibitors, certain features of the

regulatory domain impact the PDE5 inhibitor actions

on the enzyme (Corbin et al., 2000; Corbin et al,
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Figure 4.  Regulation of penile corpus cavernosum smooth

muscle relaxation and effect of PDE5 inhibitors.

Figure 5.  Cartoon of PDE5 molecular structure showing

molecular effect of PDE5 inhibitor on the catalytic domain.

P = phosphate; NH2 = amino terminus.



2003). This domain contains allosteric cGMP-bin-

ding sites (one or two per subunit) as well as a phos-

phorylation site for negative feedback regulation of

the enzyme. PKG phosphorylates this site about 10

times faster than does PKA. When cGMP binds to

the allosteric sites, cGMP is not degraded as it is in

the catalytic site, but PDE5 enzyme functions are

activated by the binding reaction.  Phosphorylation

also activates PDE5 enzyme functions. However,

when PDE5 inhibitor is present, which causes cGMP

elevation and phosphorylation, PDE5 inhibitor bin-

ding at the catalytic site is expected to be stimulated.

This means that when cGMP is elevated in smooth

muscle cells after a patient takes a PDE5 inhibitor

tablet, this should stimulate the catalytic site to bind

more of the inhibitor. That is, the PDE5 inhibitor sti-

mulates its own efficacy. For example, were it not for

this built-in enzyme mechanism, a 200-mg dose

rather than 100-mg dose of a particular PDE5 inhibi-

tor might be required to induce penile erection in a

particular patient.

Assuming all other factors are equal, the higher the

affinity (potency) of a PDE5 inhibitor for PDE5, the

lower the expected dose of the inhibitor that will be

needed (Corbin and Francis, 2002). This concept of

potency can be assessed by measuring the concentra-

tion of a particular PDE5 inhibitor in vitro that inhi-

bits PDE5 activity by 50%, and is known as the

IC50. Highly potent drugs are expected to have affi-

nities (IC50 values) in the nanomolar (nM) range.

However, as discussed below, factors such as phar-

macokinetics have strong impact on the dose requi-

red. Higher potency does not mean that a PDE5 inhi-

bitor has a greater clinical effect, but that less of it is

needed for the desired effect.  For the PDE5 inhibi-

tors, less vardenafil is required than sildenafil or

tadalafil to achieve the same degree of in vitro PDE5

inhibition. Vardenafil is therefore more biochemical-

ly potent than are sildenafil and tadalafil, although

not necessarily more efficacious. Based on in vitro

potencies, it would be predicted that a lower dosage

of vardenafil than sildenafil would be required to

cause penile erection in men. This appears to be the

case since 5-20 mg doses of vardenafil are recom-

mended compared with 25-100 mg doses of sildena-

fil. The recommended doses of tadalafil are also

lower than those of sildenafil, but since these two

drugs have similar biochemical potencies, the expla-

nation for lower dosage is not clear at this time.

There are methods in addition to classical IC50 to

measure potency of a drug. The Corbin group has

recently measured the strength of binding of radiola-

beled PDE5 inhibitors to PDE5, and the value obtai-

ned by this method is termed KD instead of IC50
(Corbin et al, 2003). As compared with IC50, mea-

surement of KD is a more direct method of determi-

ning potency. The KD of a PDE5 inhibitor obtained

using this approach should approach the IC50 of the

same PDE5 inhibitor. In fact, our results show that

the KD for sildenafil, vardenafil, or tadalafil approxi-

mates the IC50 for each compound. The finding that

the value of KD approaches the value of IC50 for

each inhibitor suggests that these compounds do not

bind to an appreciable extent to sites on PDE5 other

than the catalytic domain. The approach of determi-

ning KD not only provides a new tool to measure

PDE inhibitor potency but may also reveal new pro-

perties of PDE5 and PDE5 inhibitors which were not

possible to study previously. These include the PDE5

on-rates and off-rates of PDE5 inhibitors, which

should help to predict time of onset and duration of

inhibitor action in patients. The radiolabeled inhibi-

tors could also be used to search for the presence of

non-PDE PDE5 inhibitor-binding proteins in body

tissues, which might suggest the potential for side

effects of a particular PDE5 inhibitor.

Based on comparative IC50 values, the potency of

sildenafil is about 1 million times higher than that of

caffeine (Corbin and Francis, 1999). Other experi-

mental PDE inhibitors have intermediate potencies.

According to literature values, the in vitro biochemi-

cal potencies of the three new commercial PDE5

inhibitors are within the same range of each other,

albeit vardenafil is more potent than the other two

inhibitors (Corbin and Francis, 2002). The in vitro

potency of a PDE5 inhibitor is not the same as effi-

cacy.  As discussed below, efficacy is based on the

actual in vivo (clinical), effects of the inhibitor.

The biochemical selectivity of an inhibitor for PDE5

is a key factor in determining its side-effect profile

(Corbin and Francis, 2002). Once a large enough

separation exists between the affinity (IC50) of the

inhibitor for PDE5 and its affinity for non-target

PDEs (or other proteins), the less likely it is that it

can achieve sufficient plasma concentrations to acti-

vate the non-target site at therapeutic doses. For

PDE5 inhibitors, selectivity is usually expressed in

terms of potency (IC50) to inhibit PDE5 as opposed

to inhibiting any others in the PDE family. The selec-

tivity is computed by dividing the IC50s of the two

compounds that are compared. The PDEs are com-

prised of 11 families of enzymes that catalyze the ter-

mination of second messenger activity in cells by

breaking the phosphodiester bond of either cAMP or
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cGMP. Eleven distinct families have been identified

(PDE1 to PDE11) that are known or implicated in a

broad range of cellular functions. Within some fami-

lies, more than a single gene exists, for a total of at

least 25 PDE genes, and some of these genes have

multiple products brought about by alternative

mRNA splicing, resulting in a grand total of more

than 50 PDE forms (Francis et al., 2001). PDE5,

which is cGMP-specific, exhibits only one gene,

although its mRNA can be spliced to yield at least

three isoforms. However, it should be noted that

these isoforms may not differ significantly in their

catalytic domains, which is the site of action of

PDE5 inhibitors. PDE5 is present in high concentra-

tions in the smooth muscle of corpora cavernosa of

the penis (Gopal et al, 2001). Sildenafil and vardena-

fil cross-react slightly with PDE6, i.e., their IC50s

for PDE5 are only 4-10 fold lower than those for

PDE6. PDE6 is expressed in the retina. This may

explain the complaint of some patients that sildenafil

causes visual disturbances. Tadalafil cross reacts

with PDE11 to some extent, but the consequences of

this effect are unknown. PDE11 is expressed in testi-

cular cells, cardiac muscle, smooth muscle and the

pituitary. Neither of the three PDE11 inhibitors

cross-reacts to a large extent with any of the other

PDEs except for PDE6 and PDE11, i.e., the IC50s of

these compounds for PDE5 are more than 1000 times

lower than those for most of the other PDEs. Except

for visual disturbances, the other reported side

effects of PDE5 inhibitors (headaches, flushing,

slight lowering of blood pressure, etc) are likely cau-

sed by PDE5 inhibition in smooth muscle tissues

outside the penile corpus cavernosum.

In addition to biochemical properties discussed above,

pharmacokinetic properties of PDE5 inhibitors (inges-

tion, movement in the circulation, tissue uptake, eli-

mination) have great impact on efficacy (Corbin and

Francis, 2002). There are several common pharmaco-

kinetic parameters that can be measured and quanti-

fied that describe bodily distribution of a PDE5 inhi-

bitor (Table 2). The bioavailability, maximum plasma

concentration (Cmax), the time (Tmax) required for

attaining Cmax, and time (t1/2) required for elimina-

tion of one-half of the inhibitor from plasma are all

important factors.  The bioavailability, which is the

percentage of ingested inhibitor that actually appears

in the plasma, is about one-third as much for vardena-

fil (15%) as that for sildenafil (40%). The bioavaila-

bility for tadalafil is unknown at present. 

Sildenafil, vardenafil, and tadalafil have broadly

similar Tmax (sildenafil and vardenafil Tmax occurs

in less than 1 hour, the tadalafil Tmax occurs in 2

hours), but the Cmax of vardenafil is significantly

lower than that for either of the other two inhibitors.

This might be expected based on the higher bioche-

mical potency of vardenafil. The t1/2 of tadalafil is

considerably longer than that of the other two PDE5

inhibitors, which could be due to slower intestinal

absorption and/or slower degradation of this drug by

the liver, or it could be due to other factors. The

extended t1/2 of tadalafil  provide a much longer the-

rapeutic effect (Porst et al 2003), which may be pre-

ferred for spontaneous sexual activity, but could

expose the patient to greater risk of side effects.

PDE5 inhibitors are believed to be degraded in the

liver. Therefore, since they are not degraded by

PDE5 or any other enzyme in smooth muscle cells of

corpus cavernosum, they must dissociate from

PDE5, exit the smooth muscle cells and then be

transported to the liver via the bloodstream before

they can be degraded. The rate of exit of a PDE5

inhibitor from smooth muscle cells should be consi-

dered when comparing PDE5 inhibitors since this

could affect its duration of action. Disappearance of

the inhibitor from plasma may imply, but does not

prove, its disappearance, or clearance, from the cells

in which it produces its effects. Since the inhibitor

binds tightly to PDE5 in these cells, this could signi-

ficantly retard its exit from these cells and prolong

effects of PDE5 inhibitors in patients. It is concei-

vable that PDE5 inhibitors with higher affinities for

PDE5 would dissociate from the enzyme more slow-

ly, resulting in a more retarded clearance from corpus

cavernosum cells. Studies of clearance of PDE5 inhi-

bitors from plasma are documented, but studies of

clearance of these inhibitors from smooth muscle

cells are rare.
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Vasoactive intestinal peptide (VIP) is a naturally

occurring neurotransmitter. VIPergic nerves are most

densely concentrated in the penis around the puden-

dal arteries and in the erectile tissue of the corpus

cavernosum. VIP is known to exert regulatory

actions on blood-flow, secretion, and muscle tone. Its

presence in considerable amounts in the male genital

tract suggests that this peptide neurotransmitter may

be important in the nervous control of male external

genitalia (Polak et al, 1981).

VIP co-localizes with NOS within the perivascular

and trabecular nerve fibres innervating the penis

(Ehmke et al, 1995). Most of these NO- and VIP-

containing nerves appear to be cholinergic, since

they also contain vesicular acetylcholine transporter,

a specific marker for cholinergic neurons (Hedlund

et al, 2000). Other VIP-related peptides such as

PHM, PACAP and helospectin (Hel-1) are also co-

localized with VIP in nerve structures within the

human cavernous tissue (Kirkeby et al, 1992, Hed-

lund et al, 1995). These peptides concentration-

dependently relaxed corpus cavernosum and circum-

flex vein preparations in vitro. Their putative roles as

neurotransmitters and/or neuromodulators in the ner-

vous control of penile erection are yet to be clearly

established. 

Though VIP is a potent relaxant of both the corpus

cavernosum and penile vascular smooth muscle in

vitro, the ineffectiveness of VIP-antiserum to inhibit

the neurogenic relaxation in corpus cavernosum

strips suggests that VIP may not be released from the

3.II. VASOACTIVE INTESTINAL

POLYPEPTIDE
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nerves during field stimulation (Adaikan et al,

1986a). Furthermore, the inability of VIP to induce

penile rigidity adequate for intromission when injec-

ted intracavernously in potent (Adaikan et al, 1986a)

and impotent men (Roy et al, 1990) indicates that it

is not likely to be the primary neurotransmitter

mediating penile erection.

The effects of VIP are mediated by a specific mem-

brane-bound receptor linked to adenylate cyclase via

a stimulatory G-protein. VIP has been shown to ele-

vate cAMP concentrations in cavernosal tissues

without affecting cGMP levels (Miller et al, 1995;

Hedlund et al, 1995).

Nitric oxide, the NANC neurotransmitter of primary

importance in regulating corpus cavernosum smooth

muscle relaxation, is derived from L-arginine by

nitric oxide synthase  (NOS). As L-arginine is also a

substrate of arginase, NO production is likely to be

linked to the regulation of both NOS and arginase.

The decreased NOS nerves and upregulated arginase

II expression/activity found in diabetic corpus caver-

nosum, which is accompanied by a decrease in erec-

tile function, suggests that decreased NO synthesis

may play a role in diabetic erectile dysfunction

(Bivalacqua et al, 2001). Alterations in the penile L-

arginine-NO pathway observed in atherosclerotic

and hypercholesterolaemic penile vascular bed may

also result in reduction in NO bioavailability leading

to ED. Recent studies show that L-arginine augments

endothelium-dependent vasodilation in hypercholes-

terolaemic rabbits and human (Girerd XJ et al, 1990;

Creager et al, 1992). The rationale for L-arginine the-

rapy is therefore related to the supposition that dieta-

ry supplementation with NO-precursor L-arginine

may normalize endothelium-dependent vasodilation

and as such could have a beneficial effect in the treat-

ment of erectile dysfunction. Based on this rationale,

as with other combination therapies, it is conceivable

that oral co-administration of L-arginine with yohim-

bine may be effective in improving erectile function

in mild to moderate erectile dysfunction because of

the complementary actions of the α2-adrenoceptor

antagonist and the NO releasing effects of yohimbi-

ne. (see Lebret et al, 2002; see yohimbine discussion

above).

PGE1 produced relaxation of human corpus caver-

nosum smooth muscle and this relaxant activity was

first described by Karim and Adaikan (1975) and

Adaikan et al in 1983. This was followed by the

mechanism of action and use of PGE1 for the treat-

ment of erectile dysfunction (Adaikan et al, 1986b;

Ishii et al, 1986; Virag & Adaikan, 1987). Of note,

the first competitive Ginestie Prize by the ISIR was

awarded to PG Adaikan for identifying conventional

receptors and the use of PGE1 for the treatment of

erectile dysfunction in 1986, 2nd World Meeting of

Impotence, Prague.

PGE1 mediates relaxation of corpus cavernosum

smooth muscle via activation of EP prostaglandin

receptors (EP2/4) by increasing the intracellular

concentration of cAMP in corpus cavernosum smoo-

th muscle (Palmer et al., 1994; Lin et al, 1995; Trai-

sh et al., 1997; Moreland et al., 2001). PGE1-indu-

ced relaxation of human corpus cavernosum is asso-

ciated with activation of KCa channels, leading to

hyperpolarisation and alterations in transmembrane

Ca2+ flux (Lee et al, 1999). PGE1 may also act by

inhibiting the release of noradrenaline from sympa-

thetic nerves (Molderings et al, 1992) and suppres-

sing angiotensin II secretion in the cavernosal tissues

(Kifor et al, 1997). 

PGE1 is metabolised by the 15-hydroxydehydroge-

nase present in the corpus cavernosum (Roy et al,

1989). The ability of human corpus cavernosum to

degrade PGE1 probably aids in regulating the activi-

ty of PGE1 and reducing the risk of undesirable side

effects such as prolonged erection and priapism. 

PGE1 suppressed the induction of collagen synthesis

by TGF-β1 in cultured human corpus cavernosum

suggesting that PGE1 and TGF-β1 may play a key

role in modulation of collagen synthesis and in the

regulation of fibrosis of the corpus cavernosum

(Moreland et al, 1995). This suppressant effect

seems to correlate with the low incidence of local

fibrotic lesions reported in PGE1 treated ED patients

(Porst, 1996) and the unaltered intracavernous struc-

tures in the 5 patients with biopsies performed only

after intracavernous PGE1 injection (Wespes et al,

2000).

3.IV. ALPROSTADIL (PGE1)

3.III. L-ARGININE
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Intracavernosal papaverine injection was the first cli-

nically effective pharmacological therapy for ED.

Papaverine is a nonopiate derivative of poppy plant

(Papaver somniferum). Papaverine is a smooth

muscle relaxant. In vitro, papaverine evoked relaxa-

tion of isolated corpus cavernosum smooth strips,

penile arteries, cavernous sinusoids and the penile

veins and attenuated contractions induced by stimu-

lation of adrenergic nerves and exogenous noradre-

naline (Adaikan & Ratnam 1988; Kirkeby et al,

1990). In addition, in vivo studies in the rat model

documented that intracavernous injection of papave-

rine elicited a significant and prolonged increase in

intracavernous pressure (Rehman et al., 1997).

Consistent with these observations, injection with 80

mg papaverine in normal volunteers and subjects

with psychogenic impotence produced rigid erec-

tions. Papaverine caused marked vasodilation of the

penile arteries and decreased venous outflow as

recorded by Doppler (Virag et al, 1984).

Papaverine is a nonspecific phosphodiesterase inhi-

bitor that initiates an increase in intracellular cAMP

and cGMP leading to corporal smooth muscle

relaxation and penile erection. Papaverine may also

regulate cavernosal smooth muscle tone via inhibi-

tion of voltage-dependent L-type Ca2+ channels

independent of cAMP as demonstrated in tracheal

smooth muscle and suppression of angiotensin II

secretion in cavernosal tissue  (Iguchi et al, 1992;

Kifor et al, 1997).

Phentolamine, papaverine, PGE1, VIP and linsido-

mine are the vasoactive agents most commonly used

in combination therapy to treat erectile dysfunction.

Combination therapy is not only predictably more

efficacous as a result of well-planned strategies

based on sound pharmacological principles, it is also

associated with a reduction in incidence of side

effects and cost per dose.

In vitro studies on human and rabbit cavernosal

strips demonstrated that phentolamine significantly

potentiated relaxation induced by sildenafil, VIP and

PGE1. These vasodilators also significantly enhan-

ced relaxation induced by phentolamine in the caver-

nosal tissue strips. The enhancement by phentolami-

ne of VIP and PGE1-induced relaxation (cAMP-

mediated) suggests a synergistic interaction while

the interaction between phentolamine and sildenafil

(cGMP-mediated) appears to be additive (Kim et al,

2000). The same investigators also show that silde-

nafil and PGE1 has additive and synergistic effect

respectively with phentolamine-induced relaxation. 

Hence, in combination therapy employing phentola-

mine as an adjunct, reducing the predominance of

adrenergic tone through the blockade of α-adreno-

ceptors, increases the efficacy of vasodilators that

initiate erection via other independent relaxatory

pathways. 
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Topical therapy for the treatment of ED has been

proposed as one means to circumvent some of the

negative factors associated with ICI (intracavernous

injection) and IUS (intrurethral suppositories). These

therapies have an intrinsic appeal to many patients.

Currently, topical therapies for the treatment of erec-

tile dysfunction remain in clinical trials and have yet

to be released for widespread use. However, topical

applications have the potential to avoid the systemic

effects noted with oral therapies while being percei-

ved as minimally invasive in so far as it does not

require needles or intraurethral instrumentation.

Topical therapy may also provide benefit to patients

unresponsive to systemic therapy or who use medi-

cations which cannot be taken along with such oral

treatments (nitrate use). That is, the overall goal is

the local treatment of a local problem.

TOPICAL THERAPIES 4.
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A short introduction to the major concepts and com-

plications of using topical agents for the treatment of

erectile dysfunction seems prudent. The transdermal

route is a well established technology that provides

durable and constant plasma levels of drugs such as

hormonal replacements, narcotics and vasodilators.

When it comes to local penile therapy using direct

smooth muscle relaxants, previous experience

concerning the duration and onset of action

employed for these other indications may not provi-

de useful attributes. Several issues, in particular, are

worth mentioning: 

1) High systemic concentrations are undesirable as

they may result in an unacceptable level of adverse

events. 

2) Agents may be largely metabolized in the first

pass through the lungs or liver. 

3) The vasoactive agent(s) needs to reach the corpo-

ra cavernosa in a timely fashion with the effective

(highest) concentration.  

Topical penile therapy, therefore, entails a unique set

of anatomic and physiologic considerations. There

are several anatomic/fascial layers between the peni-

le skin and the corpus cavernosa. The tunica albugi-

nea is presumed to be  difficult to penetrate  due to

its thick layers of collagen. Therefore, topical treat-

ment trials have emphasized exposure to the glans

penis as it has direct venous communication to the

corpora cavernosa (Becher et al., 1998; McVary et

al., 1999). The skin itself is a relatively impermeable

tissue due to the stratum corneum. The horny cells at

the stratum corneum are bonded with a very tight

intercellular lipid matrix bilayer that makes the pas-

sage of drugs challenging (Gurny et al., 1993). To

overcome this barrier investigators have used pene-

tration enhancers which permeate this layer and

reach the subdermis. Fortunately, the penis and scro-

tum are unique in that their stratum corneum is the

most permeable of all anatomic locations tested.

Depending on the molecular structure of the agent

tested there can be nearly 100% absorption of topical

agents applied to these areas. Again, exposure to the

glans affords a more easily «breached» layer. Other

skin regions (e.g.. back and palms) are particularly

impermeable (Maibach et al., 1971).  An additional

factor confounding efficient delivery of drug is the

rich vasculature of the deep dermis which may

«steal» the drugs to the systemic circulation.

With such an assortment of confounding factors one

wonders exactly how gel applied to the penis could

ever induce an erection. One attractive possibility is

that gel applied to the glans is rapidly absorbed

through the porous skin of the glans into the venous

vasculature of the corpora spongiosum. From that

location it could travel into the corpora cavernosa

akin to the intraurethral delivery of drug (Wolfson et

al., 1993; Padma-Nathan et al., 1997). The known

absorptive nature of the penile skin and glans make

this a real possibility (Maibach et al., 1971). If this is

the case then delivery of drug to the shaft of the penis

would seem superfluous and possibly only contribu-

te to penile skin discomfort. Alternatively, the drug

applied to the skin of the penis could theoretically be

absorbed through the skin, the tunica of the corporal

bodies and thus into the cavernous tissues.  The large

distance, multiple tissues layers and unknown per-

meability of the tunica makes this a formidable drug

delivery challenge. A third more remote possibility

involves the systemic absorption, recirculation and

delivery of drug to the penile tissues. Systemic levels

have been measured with the penile skin application

of papaverine and minoxidil proving that absorption

does occur. However, its presence in the systemic

circulation does not prove its role in the erectile res-

ponse (Kim et al., 1995; Clark et al., 1994). All of the

above mentioned possibilities are expected to be

inefficient  at transfer of active agents thus requiring

a large amount of drug to compensate the losses in

the pathway. 

Most of the delivery systems currently in use for

topical therapy are intended for slow and steady

release of the medications such as those used in hor-

monal, analgesic or narcotic patches. This slower

process is not effective as an erection initiator as the

drug flux is likely to be low. Investigators are cur-

rently trying permeation enhancers to increase drug

flux speed. In order to achieve a rapid and efficient

penetration the formulation needs to have sufficient

penetration enhancer to help transfer (flux) the acti-

ve agent with good tolerance (no significant irrita-

tion), and release the drug at the site of action (right

bondage). 

Several transdermal enhancers incorporated as one

of the excipients in topical formulations have been

reported (Becher et al., 1998; McVary et al., 1999;

Kim et al., 1995; Samour et al., 1989; Pelham et al.,

1995). The task of these enhancers is to: 1) Disrupt

the stratum corneum lipid bilayer, 2) Interact with

the membrane keratin, 3) Produce a weak interaction

with the drug molecule, and 4) Reverse all actions in
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a short time. The available evidence indicates that

such agents enhance skin penetration by altering the

fluidity of lipids in the stratum corneum, without any

interaction with the chemical whose skin permeabili-

ty is enhanced. 

Organic nitrate donors were the first topical agents to

be used in the treatment of erectile dysfunction

(Mudd, 1977). Case reports have demonstrated that

blood flow to the penis and tumescence are increased

after application of a nitro based paste (Owen et al.,

1989; Nunez & Anderson, 1993).  The local effects

on penile blood flow appear to be crucial since appli-

cation of such gels elsewhere on the body do not

induce erections.  Topical minoxidil has also been

reported in placebo controlled double masked trials

(Clark et al., 1994; Cavallini, 1991). In one study,

Cavallini reported 2% minoxidil as superior to 10%

nitroglycerin cream in inducing improved penile

hemodynamics and with fewer side effects.

Alprostadil is a natural occurring prostaglandin E1.

Alprostadil and other prostaglandins in the E series

are naturally present in the seminal vesicles, the

cavernous tissues of males and in the placenta and

ductus arteriosus of the fetus. Various formulations

and injection techniques, urethral suppositories and

gels using PGE-1 have been used in the treatment of

erectile dysfunction over the past 15 years.

Alprostadil relaxes smooth muscle of the corpus

cavernosum. As described elsewhere in this section,

several mechanisms of action have been proposed.

Undeniably, its effects are due to increasing the intra-

cellular concentrations of cAMP, via a stereospecific

activation of the membrane bound receptors. In par-

ticular, PGE1 mediates relaxation of corpus caverno-

sum smooth muscle via activation of the EP prosta-

glandin receptor (EP2/4) to increase the intracellular

concentration of cAMP in corpus cavernosum smoo-

th muscle (Palmer et al., 1994; Lin et al, 1995; Cahn

et al., 1996; Traish et al., 1997; Moreland et al.,

2001). PGE1-induced relaxation of human corpus

cavernosum is associated with activation of KCa
channels, leading to hyperpolarisation and altera-

tions in transmembrane Ca2+ flux (Lee et al, 1999).

Many of these actions are presumably mediated by

protein kinase A. PGE1 may also act by inhibiting

the release of noradrenaline from sympathetic nerves

(Molderings et al, 1992) and suppressing angiotensin

II secretion in the cavernosal tissues (Kifor et al,

1997). 

The physiologic endpoint is dilation of the caverno-

sal arteries, relaxation of the corporal smooth

muscle, and therefore, is accompanied by increased

arterial inflow velocity and increased venous flow

resistance. As a result, the lacunar spaces expand and

blood becomes entrapped secondary to compression

of venules against the tunica albuginea. To achieve

adequate tumescence and rigidity the tunica albugi-

nea must be sufficiently stiff to compress the pene-

trating venules  and thus block venous outflow. This

process is also referred to as the corporal veno-

occlusive mechanism. Alprostadil does not directly

effect ejaculation or orgasm.

Topical minoxidil has been recently used as an inves-

tigational drug in the treatment of erectile dysfunc-

tion. Although little can be said about its role in that

regard, there is an extensive literature on its use as an

antihypertensive and alopecia medication. Much of

the information regarding this drug is drawn from the

literature detailing its use in the former rather than

latter circumstance.

Minoxidil is an antihypertensive agent while topical

minoxidil (Rogaine) is used for alopecia. Due to its

potency and adverse reactions, oral minoxidil is used

mainly for patients with the severe drug resistant

forms of hypertension. Tolerance to a prolonged the-

rapy with oral minoxidil does not appear to be a pro-

blem. Subsequent to the oral dosage (approved by

the FDA in 1979 for use in hypertension) topical for-

mulations were approved for the treatment of alope-

cia in 1988. Investigation of topical formulations in

the treatment of erectile dysfunction are limited and

follow on the heels of its approval for alopecia.

Minoxidil does not have a direct vasodilatory effect

on arterial smooth muscle. Rather, it is converted to

minoxidil O-sulfate by the hepatic enzyme sulfo-

transferase (McCall et al., 1983). This metabolite

does have a direct vasodilatory effect on arterial

smooth muscle causing a reduction in peripheral

resistance and blood pressure. While the precise

mechanism of action of minoxidil is not certain
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(Quast et al., 1995; Russ et al., 2003), and moreover,

may vary among distinct smooth muscle cell types

(Buchheit et al., 2000; Davies et al., 1996), it clearly

appears to be a relatively weak corporal smooth

muscle cell relaxant (Christ, 1995). In that regard,

minoxidil is not known to inhibit the CNS or have

adrenergic neuronal blocking effects. Minoxidil

retains its activity despite adrenergic denervation.

With respect to the mechanism of action, presumably

at least some aspects of minoxidil-induced relaxation

shares common features with other members of the

K channel modulator family (i.e., pinacidil, croma-

kalim, etc.). In fact, in both vascular and nonvascu-

lar (including urogenital) smooth muscle, minoxidil

and other K channel activators have been shown to

activate KATP channels in a glibenclamide-sensitive

fashion (Newgreen et al., 1990; Khan et al., 1997;

Teramoto & Ito, 1999). In all these cases, activation

of the KATP channel subtype results in an increased

K+ efflux and cellular hyperpolarization. The net

result is a physiological antagonism of transmembra-

ne calcium flux through L-type voltage-dependent

calcium channels, a reduction in the free intracellular

calcium concentration, and a corresponding smooth

muscle cell relaxation. 

With regards to the treatment of erectile dysfunction,

it is assumed that the active metabolite acts via a

direct vasodilatory effect on corporal and arterial

smooth muscle causing a reduction in peripheral

resistance and cavernosal muscle relaxation. Presu-

mably this promotes the veno-occlusive mechanism

and results in erection. Such an effect from topical

minoxidil is interesting when one considers that it is

a prodrug that requires hepatic metabolism to beco-

me active (McCall et al., 1983). For this to be effec-

tive the topically absorbed minoxidil would have to

be metabolized through the liver then recirculated to

the penis to be active. This appears to be a substan-

tial task. Issues regarding the site and efficacy of

absorption have been addressed above. 

Topical administration of minoxidil solutions should

only be applied to the skin of interest. Absorption is

best when the hair and the skin are dry. If applied

with finger tips the hands should be thoroughly

washed after applying. Systemic effects resulting

from topically administered Minoxidil are unlikely

but theoretically could occur if the drug is overused.

Skin abrasion or irritation such as excoriations, pso-

riasis, or sun burn can increase the systemic absorp-

tion of topical minoxidil. 

Since the introduction by Virag in the early 1980s,

injection of papaverine into the corporal bodies for

the treatment of sexual dysfunction has become a

widespread and well accepted method (Virag, 1982).

The use of papaverine as a topical therapy has a

much shorter experience and one that has not moved

beyond preliminary clinical trials. 

The most characteristic effect of papaverine is

relaxation of smooth muscle, especially when it has

been spasmodically contracted. Papaverine acts, in

large part, directly on the muscle itself. There may be

several possible mechanisms by which papaverine is

able to directly relax corporal smooth muscle, but the

most prominent is by inhibition of the oxidative

phosphorylation mediated inactivation of cAMP (via

phosphodiesterase-PDE) which interferes with cal-

cium mobilization during muscle contraction. In

fact, papaverine is a nonspecific phosphodiesterase

inhibitor that initiates an increase in intracellular

cAMP and cGMP leading to corporal smooth muscle

relaxation and penile erection; via prolongation of

the half-life of these cyclic nucleotides. Papaverine

may also regulate cavernosal smooth muscle tone via

inhibition of voltage-dependent L-type Ca2+ chan-

nels independent of cAMP as demonstrated in tra-

cheal smooth muscle and by suppression of angio-

tensin II secretion in cavernosal tissue  (Iguchi et al,

1992; Kifor et al, 1997)

Serum papaverine levels after topical administration

have been measured in a single study (Kim et al.,

1995) with a high performance liquid chromatogra-

phy assay. At 60 minutes mean serum levels increa-

sed 50% suggesting that absorption did occur, but

not significantly over baseline values. The papaveri-

ne levels in this study indicated that topical absorp-

tion is less than 1% of a comparable intravenous

dose indicating minimal systemic uptake after topi-

cal administration to the genitalia. In contrast, papa-

verine is present in the blood at levels of 335 to 761

ng/ml within 3 minutes of IC injection of 40 mg as

measured by similar techniques (Tanaka et al.,

1990). The pharmacokinetics and bioavailability of

topical papaverine on animal models have been stu-

died in which 9-12.4% of the papaverine is detected

in the serum. Why the marked differences between

animal models and clinical trials has been blamed on

gel formulation (Shaaya et al., 1992).
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The use of topical nitroglycerin is a standard treat-

ment for unstable angina pectoris because predic-

table blood levels can be achieved. The use of nitro-

glycerin ointments, pastes, plasters or patches for the

treatment of erectile dysfunction has been tried in

several studies (see earlier sections in this chapter).

The putative mechanism of action is described

below.

Relaxation of corporal and arterial smooth muscle is

the principle pharmacologic action of nitroglycerin,

and presumably is dependent on activation of the

NO/guanylate cyclase/cGMP/Protein Kinase G path-

way. Nitroglycerin produces, in a dose dependent

manner, dilation of both arterial and venous beds,

dilatation of the post-capillary vessels including

large veins and decreases in venous return. This

results in a reduction of left ventricular diastolic

pressure. Arteriolar relaxation reduces systemic vas-

cular resistance and arterial pressure. 

The mechanistic basis for nitroglycerine-induced

relaxation of human corporal smooth muscle is like-

ly to be multifactorial, but the contribution of the

major physiological entities seems quite clear. In this

regard, cellular metabolism of nitroglycerine to NO

and subsequent activation of soluble guanlyate

cyclase in the smooth muscle cell is the first step in

the process. Activation of guanylate cyclase results

in formation of cGMP, which in turn activates pro-

tein kinase G. Protein kinase G presumably phos-

phorylates a variety of target proteins, such as K

channels (KCa, KATP, Kv; see Irvine et al., 2003;

Archer, 2002; Bivalacqua et al., 2000; Lin et al.,

2002; Lee & Kang, 2001; Spektor et al., 2002), L-

Type calcium channels (Adachi et al., 2001), sarco-

plasmic reticulum calcium pumps (SERCA; Adachi

et al., 2001), and perhaps Rho kinase as well (Chita-

ley et al., 2003). Moreover, there may well be a

significant cGMP-independent component to NO-

mediated relaxation of smooth muscle (Adachi et al.,

2001; Irvine et al., 2003). Virtually all of these

reports have emphasized the important impact of the

NO signalling pathway to diminish the free intracel-

lular calcium levels, as a major mechanism of the

ensuing NO-mediated relaxation response. These

observations are consistent with the importance of

reduced transmembrane calcium flux and/or increa-

sed calcium sequestration/extrusion mechanisms to

nitroglycerine-induced relaxation. As indicated

above, one major consensus point seems to be the

important role played by K channel-mediated hyper-

polarizing currents in this process. Furthermore,

disease (diabetes)-related changes in the responsivi-

ty of isolated human corporal smooth muscle strips

to nitroglycerine-induced relaxation may indicate

that this compound may have diminished utility in

diabetic patients. Other contraindications to the use

of topical nitroglycerin include those who have aller-

gic reactions to organic nitrates. These are extremely

rare, but they do occur. Allergies to the adhesives

used within the nitroglycerin patches have also been

reported.
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2. PDE5 INHIBITORS: VARDENAFIL

Five (5) level 1 publications [1-4, 12]

• Diabetic ED Patients
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d) Cardiovascular Investigations

c) General and Class Specific Safety Issues

b) Special Population Efficacy   

a) General Efficacy
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Detailed review of important Vardanafil clinical publications

• VfS - Valid for safety

• ITT - Intent-to-Treat Popu-

lation

• VfE - Valid for Efficacy

• VPP - Valid per protocol

• MC - Multicenter

• R=  Randomized

• DB = Double Blind

• PlA = Placebo

• IIEF- EF Domain (LOCF)

• Intercourse success

• GAQ - Global Assessment

question

• SEP-2 (LOCF) - Diary

(Sexual Encounter Profile)

Question 2 - (Last Observa-

tion Carried Forward

• SEP-3 (LOCF) - Diary

(Sexual Encounter Profile)

Question 3 - (Last Observa-

tion Carried Forward



3. PDE5 INHIBITORS: TADALAFIL
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Detailed review of important Tadalafil  clinical publications (To be completed)

• IIEF = International Index of Erectile Function

• EF = Erectile Function

• > Intercourse sucess = SEP 3

SEP3 = sexual encounter profile question 3 (which is a self - report of intercourse success)

• GAQ = Global Assessment Question - “did this drug or treatment impove your erection ?



4. ALPHA-BLOCKERS: PHENTOLAMINE
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publication [5]
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Four (4) level 2 [1-4] and 

one (1) level 3 publication [5]
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taken before sleep, on nocturnal erectile activity: a double

blind, placebo-controlled, crossover study. Int J Impot

Res. 13: 303-8., 2001.

4  Becker AJ. Stief CG. Machtens S. Schultheiss . Hartmann

U. Truss MC.  Jonas U. Oral phentolamine as treatrnent for

erecti le dysfunction . Journal of Urology. 159(4):1214-6,

1998 Apr.

5. Padma-Nathan H, Goldstein I, Klimberg I, Coogan C,

Auerbach S andLammers P: Long-term safety and effica-

cy of oral phentolamine mesylate (Vasomax) in men with-

mild to moderate erectile dysfunction. Int J Impot Res. 14:

266-70., 2002.

5. ALPHA-BLOCKERS: YOHIMBINE

Four (4) level 2 (one demonstrating efficacy [1] 

and three demonstrating non-efficacy) [2-4], and

one (1) level 3 publication  [5]

Absence of a specific publication in this category

Four (4) level 2 [1-4], and 

one (1) level 3 publication [5]

Absence of a ED specific publication in this category

1. Ernst E and Pittler MH: Yohimbine for erectile dysfunc-

tion: a systematic review and meta- analysis of randomi-

zed clinical trials. J Urol. 159(2): 433-6., 1998.

2. Teloken C, Rhoden ELL, Sogari P, Dambros M and Souto

CA: Therapeutic effects of high dose yohimbine hydro-

chloride on organic erectile dysfunction. J Urol.159(1):

122-4., 1998.

3 . Vogt HJ, Brandl P, Kockott G, Schmitz JR, Wiegand MH,

Schadrack J and Gierend M: Double-blind, placebo-

controlled safety and efficacy trial with yohimbine hydro-

chloride in the treatment of nonorganic erectile dysfunc-

tion. Int J ImpotRes. 9(3): 155-61., 1997.

4. Kunelius P, Hakkinen J andLukkarinen O: Is high-dose

yohimbine hydrochloride effective in the treatment of

mixed-type impotence? A prospective, randomized-

controlled double- blind crossover study. Urology. 49(3):

441-4., 1997.

5. Guay AT, Spark RF, Jacobson J, Murray FT and Geisser

ME: Yohimbine treatment of organic erectile dysfunction

in a dose- escalation trial. Int J Impot Res. 14(1):25-

31.,2002. 
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6. OTHER ALPHA-BLOCKER COMBINATIONS

• Yohimbine and L-Arginine 

One (1) level 2 publication [1] 

and phase 2 development status

• L-Arginine 

One (1) level two publication. Non-effective [2]

• Trazodone 

Three (3) level 2 publications [3-6] 

demonstrating non-efficacy and one (1) level 2

publication that was over 5 years old demonstra-

ting some efficacy [7].  

• Trazodone and Yohimbine 

One (1) level 2 publication [8].  

1. Lebret T, Herve JM, Gorny P, Worcel M and Botto H: Effi-

cacy and safety of a novel combination of L-arginine glu-

tamate and yohimbine hydrochloride: a new oral therapy

for erectile dysfunction. Eur Urol. 41(6): 608-13;2002.

2. Klotz T. Mathers MJ. Braun M. Bloch W. Engelmann U.

Effectiveness of oral L- arginine in first-line treatment of

erectile dysfunction in a contolled crossover study. Urolo-

gia Internationalis. 63(4):220-3, 1999.

3. Enzlin P, Vanderschueren D, Bonte L, Vanderborght W,

Decleroq G and Demyttenaere K: Trazodone: a double-

blind, placebo-controlled, randomized study of its effects

in patients with erectile dysfunction without major organic

findings. Int J Impot Res. 12(4). 223-8., 2000

4. Costabile RA andSpevak M: Oral trazodone is not effecti-

ve therapy for erectile 7 dysfunction: a double-blind, pla-

cebo controlled trial. J Urol. 161(6): 1819-22., 1999.

5. Meinhardt W, Schmitz PI, Kropman RF, de la Fuente RB,

Lycklama a Nijeholt A.A and Zwartendijk J: Trazodone, a

double blind trial for treatment of erectile dysfunction. Int

J Impot Res. 9(3): 163-5., 1997. Level 2: not effective

6. Aydin S. Odabas O. Ercan M. Kara H. Agargun MY.Effi-

cacy of testosterone, trazodone and hypnotic suggestion in

the treatment of non-organic male sexual dysfunction. Bri-

tish Journal of Urology. 77(2):256-60, 1996 Feb.

7. Kurt U, Ozkardes H, Altug U, Germiyanoglu C, Gurdal M

andErol D: The efficacy of anti-serotoninergic agents in

the treatment of erectile dysfunction. J Urol. 152: 407-9.,

1994.

8. Montorsi F, Strambi LF, Guazzoni G, Galli L, Barbieri L,

Rigatti P, Pizzini G andMiani A: Effect of yohimbine-tra-

zodone on psychogenic impotence: a randomized, double-

blind, placebo-controlled study. Urology. 44: 732-6., 1994.

7. DOPAMINE AGONIST: APOMORPHINE SL

Two (2) level 1 [1,2],

two (2) level 2 [3,4] and 

one (1) level 3 publication [5]

Two (2) level 2 studies not specifically designed for

the subgroups [1,2]

Two (2) level 1 [1,2], 

two (2) level 2 [3,4] 

and one (1) level 3 publication [5]. 

Two (2) level 2 publications [1,2]

not specifically designed  to adress the issue

1. Von Keitz AT, Stroberg P, Bukofzer S, Mallard N, Hibberd

M.: A European multicentre study to evaluate the tolerabi-

lity of apomorphine sublingual administered in a forced

dose-escalation regimen in patients with erectile dysfunc-

tion. BJU Int. 2002 Mar;89(4):409-15

2. Dula E, Keating W, Siami PF, Edmonds A, O’neil J, Butt-

ler S.: Efficacy and safety of fixed-dose and dose-optimi-

zation regimens of sublingual apomorphine versus place-

bo in men with erectile dysfunction. The Apomorphine

Study Group. Urology. 2000 Jul;56(1):130-5

3. Dula E, Bukofzer S, Perdok R, George M.: Double-blind,

crossover comparison of 3 mg apomorphine SL with pla-

cebo and with 4 mg apomorphine SL in male erectile dys-

function. Eur Urol. 2001 May;39(5):558-3

4. Mulhall JP, Bukofzer S, Edmonds AL, George M.: An

open-label, uncontrolled dose-optimization study of sub-

lingual apomorphine in erectile dysfunction. Clin Ther.

2001 Aug;23(8):1260-71

5. Heaton JP, Dean J, Sleep DJ.: Sequential administration

enhances the effect of apomorphine SL in men with erec-

tile dysfunction. Int J Impot Res. 2002 Feb;14(1):61-4
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8. OTHER CENTRALLY ACTING AGENTS

• Melanocortin Agonists/ MTII

Three (3) level 2 publications. Phase II 

development [1-3]

• Delequamine 

Three (3) level 2 publications [4-6].  

• Naltrexone

Two (2) level 2 publications [7-8] 

• Nalmefene

One (1) level 3 publication [9]

Melanocortin Agonists / MTH

1. Wessells H, Fuciarelli K, Hansen J, Hadley ME, Hruby VJ,

Dorr R and Levine N: Synthetic melanotropic peptide ini-

tiates erections in men with psychogenic erectile dysfunc-

tion: double-blind, placebo controlled crossover study. J

Urol. 160: 389-93., 1998.

2. Wessels H, Gralnek D, Dorr R, Hruby VJ, Hadley ME and

Levine N: Effect of an alpha-melanocyte stimulating hor-

mone analog on penile erection and sexual desire in men

with organic erectile dysfunction. Urology. 56: 641-6.,

2000.

3. Wessells H, Levine N, Hadley ME, Dorr R and Hruby V:

Melanocortin receptor agonists, penile erection, and

sexual motivation: human studies with Melanotan II. Int J

Impot Res. 12 Suppl 4: S74-9., 2000.

Delequamine

1. Bancroft J, Munoz M, Beard M and Shapiro C: The effects

of a new alpha-2 adrenoceptor antagonist on sleep and

nocturnal penile tumescence in normal male volunteers

and men with erectile dysfunction. Psychosom Med. 57:

345-56., 1995.

2. Munoz M, Bancroft J and Turner M: Evaluating the effects

of an alpha-2 adrenoceptor antagonist on erectile function

in the human male. 1. The erectile response to erotic sti-

muli in volunteers. Psychopharmacology (Berl). 115: 463-

70., 1994.

3. Munoz M, Bancroft J and Beard M: Evaluating the effects

of an alpha-2 adrenoceptor antagonist on erectile function

in the human male. 2. The erectile response to erotic sti-

muli in men with erectile dysfunction, in relation to age

and in comparison with normal volunteers. Psychophar-

macology (Berl). 115: 471-7., 1994.

Nalmefene

1. Billington CJ, Shafer RB and Morley JE: Effects of opioid

blockade with nalmefene in older important men. Life Sci.

47: 799-805, 1990.

Naltrexone

1. Brennemann W, Stitz B, Van Ahlen H, Brensing KA and

Klingmuller D: Treatment of idiopathic erectile dysfunc-

tion in men with the opiate antagonist naltrexone - a

double-blind study. J Androl. 14:407-10., 1993.

2. van Ahlen H, Piechota HJ, Kias HJ, Brennemann W and

Klingmuller D: Opiate antagonists in erectile dysfunction:

a possible new treatment option? Results of a pilot study

with naltrexone. Eur Urol. 28: 246-50, 1995.
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1. INTRACAVERNOSAL INJECTION THERAPY

• Alprostadil (PGE1)

Four (4) level 1 [1-4],

eight (8) level 2, [5-12] and 

eight (8) level 3 publications [13-20]

One (1) Level 1 [1],

two (2) level 2 [11, 21] and 

one (1) level 3 publication [22] 

Four (4) level 1 [1-4], 

eight (8) level 2 [23-30], and 

eight (8) level 3 publication [31-33, 16-20]

One (1) level 2 publication [34]

• Papaverine HCl and Combination Therapy 

There are three (3) level 2 [21, 35-36] and 

one (1) level 3 publication [37].  

General lack of regulatory approval despite a large

clinical experience  

1. Heaton JP, Lording D, Liu SN, Litonjua AD, Guangwei L,

Kim SC, Kim JJ, Zhi-Zhou S, Israr D, Niazi D, Rajatana-

vin R, Suyono S, Benard F, Casey R, Brock G, Belanger

A. Intracavernosal alprostadil is effective for the treat-

ment of erectile dysfunction in diabetic men Int J Impot

Res. 2001 Dec;13(6):317-21

2. Porst H, Buvat J, Meuleman E, Michal V, Wagner G.

Intracavernous Alprostadil Alfadex--an effective and well

tolerated treatment for erectile dysfunction. Results of a

long-term European study. Int J Impot Res. 1998 Dec;

10(4) : 225-31

3. Linet OI, Ogrinc FG  Efficacy and safety of intracaverno-

sal alprostadil in men with erectile dysfunction. The

Alprostadil Study Group. N Engl J Med. 1996 Apr

4;334(14):873-7

4. Choi HK, Adimoelja A, Kim SC, Soebadi DM, Seong

DH, Garceau RJ. A dose-response study of alprostadil ste-

rile powder (S.Po.) (Caverject) for the treatment of erec-

tile dysfunction in Korean and Indonesian men. Int J

Impot Res. 1997 Mar;9(1):47-51

5. Porst H. The rationale for prostaglandin E1 in erectile fai-

lure: a survey of worldwide experience. J Urol. 1996

Mar;155(3):802-15

6. Hauck EW, Altinkilic BM, Schroeder-Printzen I, Rudnick

J, Weidner W Prostaglandin E1 long-term self-injection

programme for treatment of erectile dysfunction--a fol-

low-up of at least 5 years. Andrologia. 1999;31 Suppl

1:99-103

7. Kunelius P, Lukkarinen O Intracavernous self-injection of

prostaglandin E1 in the treatment of erectile dysfunction.

Int J Impot Res. 1999 Feb;11(1):21-4

8. Tsai YS, Lin JS, Lin YM. Safety and efficacy of alprosta-

dil sterile powder (S. Po., CAVERJECT) in diabetic

patients with erectile dysfunction. Eur Urol. 2000

Aug;38(2):177-83

9. Montorsi F, Guazzoni G, Barbieri L, Ferini-Strambi L,

Iannaccone S, Calori G, Nava L, Rigatti P, Pizzini G,

Miani A. Genital plus audiovisual sexual stimulation fol-

lowing intracavernous vasoactive injection versus re-

dosing for erectile dysfunction--results of a prospective

study. J Urol. 1998 Jan;159(1):113-5

10. Shabsigh R, Padma-Nathan H, Gittleman M, McMurray

J, Kaufman J, Goldstein I Intracavernous alprostadil alfa-

dex (EDEX/VIRIDAL) is effective and safe in patients

with erectile dysfunction after failing sildenafil (Viagra).

Urology. 2000 Apr;55(4):477-80

11. Montorsi F, Guazzoni G, Strambi LF, Da Pozzo LF, Nava

L, Barbieri L, Rigatti P, Pizzini G, Miani A . Recovery of

spontaneous erectile function after nerve-sparing radical

retropubic prostatectomy with and without early intraca-

vernous injections of alprostadil: results of a prospective,

randomized trial. J Urol. 1997 Oct;158(4):1408-10

12. Elhanbly S, Schoor R, Elmogy M, Ross L, Hegazy A,

Niederberger C. What nonresponse to intracavernous

injection really indicates: a determination by quantitative

analysis. J Urol. 2002 Jan;167(1):192-6.

13. Abdallah HM . Comparison of Alprostadil (Caverject)

and a combination of vasoactive drugs as local injections

for the treatment of erectile dysfunction. Int Urol

Nephrol. 1998;30(5):617-20.

14. Valdevenito R, Melman A. Intracavernous self-injection

pharmacotherapy program: analysis of results and com-

plications. Int J Impot Res. 1994 Jun;6(2):81-91

15. Ghanem H, Sherif T, Adbel-Gawad T, Asaad T. Short term

use of intracavernous vasoactive drugs in the treatment of

persistent psychogenic erectile dysfunction. Int J Impot

Res. 1998 Dec;10(4):211-4.

16. Ismail M, Abbott L, Hirsch IH. Experience with intraca-

vernous PGE-1 in the treatment of erectile dysfunction:

dose considerations and efficacy. : Int J Impot Res. 1997

Mar;9(1):39-42

17. Lundberg L, Olsson JO, Kihl B. Long-term experience of

self-injection therapy with prostaglandin E1 for erectile

dysfunction. Scand J Urol Nephrol. 1996 Oct;30(5):395-7

18. Purvis K, Brekke I, Christiansen E. Determinants of satis-

factory rigidity after intracavernosal injection with pros-

taglandin E1 in men with erectile failure. Int J Impot Res.

1996 Mar;8(1):9-16.
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19. Colli E, Calabro A, Gentile V, Mirone V, Soli M. Alpros-

tadil sterile powder formulation for intracavernous treat-

ment of erectile dysfunction. Eur Urol. 1996;29(1):59-62

20. Canale D, Giorgi PM, Lencioni R, Morelli G, Gasperi M,

Macchia E Long-term intracavernous self-injection with

prostaglandin E1 for the treatment of erectile dysfunction.

Int J Androl. 1996 Feb;19(1):28-32.

21. Montorsi F, Guazzoni G, Bergamaschi F, Zucconi M,

Rigatti P, Pizzini G, Miani A, Pozza G  Clinical reliabili-

ty of multi-drug intracavernous vasoactive pharmacothe-

rapy for diabetic impotence. Acta Diabetol. 1994

Apr;31(1):1-5

22. Zaslau S, Nicolis C, Galea G, Britanico J, Vapnek JM.A

simplified pharmacologic erection program for patients

with spinal cord injury. J Spinal Cord Med. 1999 Win-

ter;22(4):303-7

23. Godschalk M, Gheorghiu D, Katz PG, Mulligan T. Alka-

lization does not alleviate penile pain induced by intraca-

vernous injection of prostaglandin E1. J Urol. 1996

Sep;156(3):999-1000.

24. Lehmann K, Casella R, Blochlinger A, Gasser TC . Rea-

sons for discontinuing intracavernous injection therapy

with prostaglandin E1 (alprostadil). Urology. 1999

Feb;53(2):397-400.

25. Chew KK, Stuckey BG, Earle CM, Dhaliwal SS, Keogh

EJ.Penile fibrosis in intracavernosal prostaglandin E1

injection therapy for erectile dysfunction. : Int J Impot

Res. 1997 Dec;9(4):225-9

26. Hirsch IH, Smith RL, Chancellor MB, Bagley DH, Car-

sello J, Staas WE Jr.Use of intracavernous injection of

prostaglandin E1 for neuropathic erectile dysfunction.

Paraplegia. 1994 Oct;32(10):661-4.

27. Von Heyden B, Donatucci CF, Kaula N, Lue TF  Intraca-

vernous pharmacotherapy for impotence: selection of

appropriate agent and dose. J Urol. 1993 May;149(5 Pt

2):1288-90

28. Israilov S, Niv E, Livne PM, Shmueli J, Engelstein D,

Segenreich E, Baniel J  Intracavernous injections for erec-
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and failure or contraindications for sildenafil citrate. Int J

Impot Res. 2002 Feb;14(1):38-43

29. Richter S, Vardi Y, Ringel A, Shalev M, Nissenkorn I.
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31. Abdallah HM . Comparison of Alprostadil (Caverject)

and a combination of vasoactive drugs as local injections
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Nephrol. 1998;30(5):617-20.

32. Valdevenito R, Melman A. Intracavernous self-injection

pharmacotherapy program: analysis of results and com-
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Artibani W, Bortolotti U, Pagano F. Use of prostaglandin
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plantation: initial clinical experience. J Heart Lung Trans-
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35. Shenfeld O, Hanani J, Shalhav A, Vardi Y, Goldwasser B.

Papaverine-phentolamine and prostaglandin E1 versus
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2. INTRAURETHRAL THERAPY

• Alprostadil (PGE1)

Three (3) level 1 [1-3] and  

two (2) level 2 publications [4, 9]

one (1) level 1 [19] and

one (1) level 3 [6] publication

Three (3) level 1 [1-3],

one (1) level 2 [4], and 

nine (9) level 3 [6-8, 10-15] publications

Absence of a specific publication in this category

1. Padma-Nathan H, Hellstrom WJ, Kaiser FE, Labasky RF,

Lue TF, Nolten WE, Norwood PC, Peterson CA, Shab-

sigh R, Tam PY.  Treatment of men with erectile dysfunc-

tion with transurethral alprostadil. Medicated Urethral

System for Erection (MUSE) Study Group. N Engl J

Med. 1997 Jan 2;336(1):1-7.

2. Williams G, Abbou CC, Amar ET, Desvaux P, Flam TA,

Lycklama a Nijeholt GA, Lynch SF, Morgan RJ, Muller

SC, Porst H, Pryor JP, Ryan P, Witzsch UK, Hall MM,

Place VA, Spivack AP, Gesundheit N.  Efficacy and safe-

ty of transurethral alprostadil therapy in men with erecti-

le dysfunction. MUSE Study Group. Br J Urol. 1998

Jun;81(6):889-94.

3. Shabsigh R, Padma-Nathan H, Gittleman M, McMurray

J, Kaufman J, Goldstein I. Intracavernous alprostadil alfa-

dex is more efficacious, better tolerated, and preferred

over intraurethral alprostadil plus optional actis: a compa-

rative, randomized, crossover, multicenter study. Urology.

2000 Jan;55(1):109-13.

4. Williams G, Abbou CC, Amar ET, Desvaux P, Flam TA,

Lycklama a Nijeholt GA, Lynch SF, Morgan RJ, Muller

SC, Porst H, Pryor JP, Ryan P, Witzsch UK, Hall MM,

Place VA, Spivack AP, Todd LK, Gesundheit N.  The

effect of transurethral alprostadil on the quality of life of

men with erectile dysfunction, and their partners. MUSE

Study Group. Br J Urol. 1998 Dec;82(6):847-54.

5.  Costabile RA, Spevak M, Fishman IJ, Govier FE, Hell-

strom WJ, Shabsigh R, Nemo KJ, Rapport JL, Tam PY,

Weldon KL, Gesundheit N.  Efficacy and safety of trans-

urethral alprostadil in patients with erectile dysfunction

following radical prostatectomy. J Urol. 1998

Oct;160(4):1325-8.

6. Bodner DR, Haas CA, Krueger B, Seftel AD.  Intraure-

thral alprostadil for treatment of erectile dysfunction in

patients with spinal cord injury. Urology. 1999

Jan;53(1):199-202.

7. Werthman P, Rajfer J.  MUSE therapy: preliminary clini-

cal observations. Urology. 1997 Nov;50(5):809-11.

8. Porst H. Transurethral alprostadil with MUSE (medicated

urethral system for erection) vs intracavernous alprosta-

dil--a comparative study in 103 patients with erectile dys-

function. Int J Impot Res. 1997 Dec;9(4):187-92.

9. Shokeir AA, Alserafi MA, Mutabagani H.  Intracaverno-

sal versus intraurethral alprostadil: a prospective rando-

mized study. BJU Int. 1999 May;83(7):812-5.

10. Guay AT, Perez JB, Velasquez E, Newton RA, Jacobson

JP.  Clinical experience with intraurethral alprostadil

(MUSE) in the treatment of men with erectile dysfunc-

tion. A retrospective study. Medicated urethral system for

erection.  Eur Urol. 2000 Dec;38(6):671-6.

11.  Fulgham PF, Cochran JS, Denman JL, Feagins BA, Gross

MB, Kadesky KT, Kadesky MC, Clark AR, Roehrborn

CG.  Disappointing initial results with transurethral

alprostadil for erectile dysfunction in a urology practice

setting. J Urol. 1998 Dec;160(6 Pt 1):2041-6.

12. Pangkahila WI. Evaluation of transurethral application of

alprostadil for erectile dysfunction in Indonesians. Asian

J Androl. 2000 Sep;2(3):233-6.

13. Mulhall JP, Jahoda AE, Ahmed A, Parker M.  Analysis of

the consistency of intraurethral prostaglandin E(1)

(MUSE) during at-home use.  Urology. 2001

Aug;58(2):262-6.

14. Kim SC, Ahn TY, Choi HK, Choi NG, Chung TG, Chung

WS, Hwang TK, Hyun JS, Jung GW, Kim CI, Kim JJ,

Kim SW, Lee CH, Lee KS, Lee WH, Min KS, Moon KH,

Paic JS, Park KS, Park NC, Park YK, Seo JK, Seo KK,

Shin JS, Yoon YR, Lee WC.  Multicenter study of the

treatment of erectile dysfunction with transurethral

alprostadil (MUSE) in Korea. Int J Impot Res. 2000

Apr;12(2):97-101.

15. Khan MA, Raistrick M, Mikhailidis DP, Morgan RJ.

MUSE: clinical experience. Curr Med Res Opin.
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3. TOPICAL THERAPIES

• Alprostadil combined with a proprietary Per-

meation Enhancer

There are no Level I publications. 

There are two (2) Level 2 [1, 2].

In addition 2 (1) level 2 publication exists for ano-

ther combination that are in Phase II development

[3,4] as well as one (1) level 2 publication [5] for

topical PGE1 gel alone. 

In addition there is one (2) Level 3 publication for a

different formulation of PGE [6] as well as one (1)

Level 3 publication [7] using a combination of

PGE1 and papaverine.

• Papaverine

There is one (1) level 2 publication [8]. 

Experimental

• Minoxidil 

There are three (3) level 2 publications [9-11].

Experimental

• Nitroglycerine 

There is one (1) level 2 [12] and two (2) level 3

publications [13, 14]. 

Experimental

1. Padma-Nathan H, Steidle C, Salem S Tayse N, Yeager J,
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Grouped following level of Evidence, year of publi-

cation and alphabetical order of first author

Clinical safety of oral sildenafil citrate (VIA-

GRA) in the treatment of erectile dysfunction. 

Morales A, Gingell C, Collins M, et al.  Internatio-

nal J. of Impotence Research 1998; 10:69-74.

Note: Reports safety from a series of double blind

and open label studies of large # of patients (4274).

No difference in incidence of serious CV adverse

events (including myocardial infarction) between

placebo or sildenafil.

Level of Evidence :High level.

◆◆◆

Sildenafil for treatment of erectile dysfunction in

men with diabetes.  A randomized controlled trial. 

Rendell MS, Rajfer J, Wicker PA, et al.  JAMA

1999; 281:421-426.

Note: Primarily an efficacy study - but it is rando-

mized, double blind, placebo-controlled.  They do

present CV adverse events.  3% in sildenfail and 5%

in placebo group had cardiovascular events.

Level of Evidence : High level.

◆◆◆

Effect of sildenafil on coronary active and reactive

hyperemia. 

Chen Y, Du R, Traverse JH, et al.  Am J Physiol

Heart Circ Physiol 2000; 279:H2319-2325. 

Note: Study done in chronically instrumented dogs.

Sildenafil ↓ mean aortic pressure, no change in HR,

LV systolic pressure or LV maximal first time deriva-

tive of LV pressure (a measure of LV contractility).

Sildenafil ↑ rest and exercise myocardial blood flow.

Level of Evidence :  High Level.

◆◆◆

Hemodynamic effects of sildenafil in men with

severe coronary artery disease.  

Hermann HC, Chang G, Klugherz BD, et al.  N

Engl J. Med 2000; 342:1622-1626.

Note: Oral sildenafil given to men with CAD at time

of catheterization.  Small ↓ in systemic and pulmo-

nary artery pressure.  No effect on pulmonary capil-

lary wedge pressure, right atrial pressure, heart rate,

cardiac output.  No change in coronary diameter or

flow.  No adverse CV effects.  Slight increase in

coronary flow reserve.

Level of Evidence : High level.

◆◆◆

Acute type 5 phosphodiesterase inhibition with sil-

denafil enhances flow-mediated vasodilation in

patients with chronic heart failure. 

Katz, SD, Balidemaj K, Homma S, et al.  J Am Coll

Cardiol 2000; 36:845-851.

Note:  Sildenafil increased endothelium - dependent

flow mediated vasodilation (assessed by making

transient arterial occlusions of the brachial artery and

measuring reactive flow by ultrasound) in heart fai-

lure patients. 

Level of Evidence : High level.

◆◆◆

Effects of sildenafil citrate (Viagra) combined with

nitrate on the heart. 

Ishikura F, Beppu S, Hamada T, et al.  Circulation

2000; 102:2516-2521.

Note: Animal study.  Sildenafil did not affect syste-

mic blood pressure or pulmonary arterial blood pres-

sures.  Caused vasodilation in normal coronary.  Did

not induce ischemia in artery with critical stenosis.

With nitrates ↓ systemic BP and coronary blood flow.

Level of Evidence :  High level.

◆◆◆

Cyclic nucleotide phosphodiesterase type 5 activity

limits blood flow to hypoperfused myocardium

during exercise. 

Traverse JH, Chen YJ, Du R, et al.  Circulation

2000; 102:2997-3002.

Note: Shows in an animal model that sildenafil

improves coronary artery blood flow in the setting of

a stenosis.

Level of Evidence :  High level.

◆◆◆

2000

1998 - 1999

I : High Level Publications

IV. HIGH AND INTERMEDIATE

LEVEL OF EVIDENCE CARDIO

VASCULAR PUBLICATIONS IN THE

FIELD OF ED 

PHARMACO-THERAPY

(graded by cardiologists on committeee)
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Sildenafil citrate potentiates the hypotensive effects

of nitric oxide donor drugs in male patients with

stable angina. 

Webb DJ, Muirhead GJ, Wulff M, et al.  J Am Coll

Cardiol 2000; 36:25-31.

Note: Men with stable angina on isosorbide mono-

nitrate or glyceryl trinitrate given sildenafil or place-

bo.  Sildenafil substantially potentiated hypotensive

effect of nitrates.

Level of Evidence : High level.

◆◆◆

Sildenafil is a pulmonary vasodilator in awake

lambs with acute pulmonary hypertension. 

Welmann J, Ullrich R, Hromi J, et al.  Anesthesio-

logy 2000; 92:1702-1712.

Notes: Animal study.  Awake lambs in which acute

pulmonary hypertension is chemically induced.

Cumulative sildenafil doses resulted in a cumulative

decrease in pulmonary artery pressure, pulmonary

vascular resistance.  Only small fall in systemic arte-

rial pressure after the highest dose.  Sildenafil did not

augment effect of iNO – a finding that differs from

other studies.

Level of Evidence : High level

◆◆◆

Effect of sildenafil citrate on blood pressure and

heart rate in men with erectile dysfunction taking

concomitant antihypertensive medication. 

Zusman RM, Prisant LM, Brown MJ.  Journal of

Hypertension 2000; 18:1865-1869.

Note: In men taking a variety of antihypertensive

medicines, sildenafil ↓ blood pressure by -3.6/-1.9

mmHg versus -0.8/-0.1 mmHg for those on placebo.

Conclusions were that short-term effects of oral sil-

denafil on BP and HR in men with ED were small

and not clinically significant in those on antihyper-

tensives. In men not on antihypertensives, sildenafil

decrease in blood pressure was -2.2/-2.0 mmHg.

Level of Evidence :  High level.

◆◆◆

Cardiovascular safety of sublingual apomorphine

in patients on stable doses of oral antihypertensive

agents and nitrates. 

Fagan TC, Buttler S, Marbury T, et al.  Am J Car-

diol 2001; 88:760-766.

Note: > orthostatic decrease in BP when SL apomor-

phine given with ∝ blockers and Ca++ blockers (-10

and -6 mmHg vs. placebo).  ↓ in BP with long acting

nitrates when patients standing.

Level of Evidence : High level.

◆◆◆

Sildenafil modulates hemodynamics and pulmona-

ry gas exchange. 

Kleinsasser A, Loeckinger A, Hoermann C, et al.

Am J Respir Crit Care Med 2001; 163: 339-343.

Notes: Anesthetized pigs received control or silde-

nafil while hemodynamics were measured.  Sildena-

fil ↑ intrapulmonary shunt flow with marked

decreases in PaO2, increased cardiac index, pulmo-

nary artery pressure at high doses.  The issue of

decreased arterial O2 and increased cardiac index

differs from the other studies.

Level of Evidence :  High level.

◆◆◆

Effect of sildenafil in patients with erectile dys-

function taking antihypertensive therapy. 

Kloner RA, Brown M, Prisant LM, et al.  Am J

Hypertension 2001; 14:70-73.

Note: No ↑in adverse events related to sildenafil in

men on antihypertensive meds (even if on 3 or more)

vs. those not on antihypertensive meds.  Overall effi-

cacy of sildenafil in this group of patients with

hypertension ~70%.  

Level of Evidence : High level.

◆◆◆

Efficacy and safety of sildenafil citrate for the treat-

ment of erectile dysfunction in men with cardiovas-

cular disease.

Ollson AM, Persson C-A.  Int J Clin Pract 2001;

55(3):171-176.

Note: Important study in that many of these patients

had CV disease at baseline including hypertension,

previous MI, chronic ischemic heart disease, angina.

Sildenafil was highly effective (71% had improve-

ment) and no treatment related adverse CV events.

Level of Evidence :  High Level of Evidence.

◆◆◆

Effect of sildenafil citrate upon myocardial ische-

mia in patients with chronic stable angina in thera-

py with beta-blockers.

Patrizi R, Leonardo F, Pelliccia F, et al.  Ital Heart

J 2001; 2(11):841-844.

Note: Sildenafil did not worsen ischemia during

exercise test.

Level of Evidence :  High level.

◆◆◆

2001
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Sildenafil citrate (Viagra) does not exacerbate myo-

cardial ischemia in canine models of coronary arte-

ry stenosis. 

Przyklenk K, Kloner RA.  J Am Coll Cardiol 2001;

37:286-292.

Note: Experimental animal study.  Sildenafil did not

exacerbate ischemia in a model of coronary stenosis.

It did render platelets refractory to the inhibiting

effects of adenosine receptor stimulation.

Level of Evidence :  High level.

◆◆◆

Cardiovascular events in users of sildenafil: results

from first phase of prescription event monitoring in

England. 

Shakir SA, Wilton LV, Boshier A, et al.  BMJ 2001;

322:651-652.

Note: The very important PEM study of over 5000

men in United Kingdom.  Compared those on silde-

nafil vs. general population.  Showed no increase in

fatal MI or ischemic heart disease.  As this was not a

placebo controlled study might be intermediate level,

but high n value makes this an important study.

Level of Evidence :  High level.

◆◆◆

Cardiac electrophysiologic and hemodynamic

effects of sildenafil, a PDE5 inhibitor, in anestheti-

zed dogs. 

Sugiyama A, Satoh Y, Shiina H, et al.  Journal of

Cardiovascular Pharmacology 2001; 38:940-946.

Note: Anesthetized closed chest dogs.  IV sildenafil

at various sub → supratherapeutic doses did not

affect monophasic action potential duration or effec-

tive refractory period.  Sildenafil decreased periphe-

ral resistance; some reflex tachycardia at high dose.

Level of Evidence :  High level.

◆◆◆

Sildenafil inhibits hypoxia-induced pulmonary

hypertension. 

Zhao L, Mason NA, Morrell NW, et al.  Circulation

2001; 104:424-428.

Note: Randomized, double blind study, placebo

controlled.  Sildenafil attenuated hypoxia – induced

pulmonary hypertension in normal volunteers as

well as mice.

Level of Evidence : High level.

◆◆◆

Cardiovascular effects of sildenafil during exercise

in men with known or probable coronary artery

disease. 

Arruda-Olson AM, Mahoney DW, Nehra A, et al.

JAMA 2002; 287:719-725.

Notes: Randomized, double blind, placebo control-

led study of patients with ED and known or highly

suspected CAD.  Symptom limited supine bicycle

echocardiogram exercise tests with sildenafil or pla-

cebo.  Sildenafil had no effect on symptom, exercise

duration, exercise induced ischemic wall motion

abnormalities. Exercise BP and heart rates were

similar.  4 - 5 Mets reached (similar to intercourse).

Level of Evidence : High level.

◆◆◆

Sildenafil effects on exercise, neurohormonal acti-

vation, and erectile dysfunction in congestive heart

failure. 

Bocchi EA, Guimarães G, Mocelin A, et al.  Circu-

lation 2002; 106:1097-1103.

Notes: Carefully performed double blind, randomi-

zed, placebo controlled study showing that sildenafil

was well tolerated and effective in CHF patients

(mostly class II); improved exercise capacity, redu-

ced BP and HR with exercise, improved peak VO2
and exercise times.

Level of Evidence :  High level  

◆◆◆

Effects of sildenafil on cardiac repolarization. 

Chiang C-E, Luk H-N, Wang T-M, Ding P Y-A.

Cardiovascular Res 2002; 55:290-299.

Notes: In-vitro study of isolated guinea pig papilla-

ry muscles and canine Purkinje fibers, whole-cell

patch clamp techniques in guinea pig ventricular

myocytes, in-vivo ECG recordings of guinea pigs.

Action potential duration not affected by therapeutic

range of sildenafil.  At high concentration sildenafil

shortened action potential duration; QTc was not

lengthened by sildenafil, in fact it was shortened in

guinea pigs.

Level of Evidence : High level.

◆◆◆

Acute and prolonged effects of sildenafil on bra-

chial artery flow-mediated dilatation in type 2 dia-

betes. 

Desouza C, Parulkar A, Lumpkin D, et al.  Diabetes

Care 2002; 25:1336-1339.
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Notes: Sildenafil acutely and after two weeks of the-

rapy improved brachial - artery flow mediated dila-

tation and it persisted for at least 24 hours after the

low dose.  Suggests it may improve endothelial func-

tion in diabetic patient.

Level of Evidence : High level.

◆◆◆

Sildenafil for treatment of lung fibrosis and pulmo-

nary hypertension: a randomised controlled trial. 

Ghofrani HA, Wiedemann R, Rose F, et al.  Lancet

2002; 360:895-900.

Note:16 patients with pulmonary hypertension

secondary to pulmonary fibrosis.  Sildenafil reduced

pulmonary vascular resistance.  Sildenafil improved

arterial partial pressure of 02.

Level of Evidence : High level.

◆◆◆

Combination therapy with oral sildenafil and inha-

led iloprost for severe pulmonary hypertension.

Ghofrani HA, Wiedemann R, Rose F, et al.  Ann

Intern Med. 2002; 136:515-522.

Notes: Thirty patients with pulmonary hypertension

in an ICU setting received inhaled NO and iloprost

and were then randomized to 12.5  mg sildenafil, 50

mg of sildenafil, 12.5 mg of sildenafil plus inhaled

iloprost, or 50 mg sildenafil plus inhaled iloprost.

Best combination was 50 mg sildenafil plus iloprost

for reducing pulmonary vascular resistance and

increasing cardiac index.  Iloprost alone plus 50 mg

sildenafil alone were equally effective but less potent

than the combination.

Level of Evidence :High level.

◆◆◆

The effect of sildenafil on human vascular func-

tion, platelet activation, and myocardial ischemia.

Halcox JPJ, Nour KRA, Zalos G, et al.  J Am Coll

Cardiol 2002; 40:1232-1240.

Notes: Study of acute effects of sildenafil in patients

undergoing cardiac catheterization with normal coro-

naries as well as patients with coronary artery disea-

se.  Sildenafil dilated epicardial coronaries by ~ 7%.

Response to acetycholine and cold pressor tests

improved with sildenafil > in the CAD patients sug-

gesting that sildenafil improves endothelial function.

Platelet IIb/IIIa receptor activation was inhibited by

sildenafil.  In tests of endothelial dysfunction using

brachial artery dilation technique sildenafil prolon-

ged the duration of hyperemia.  Isosorbide dinitrate

improved myocardial ischemia during exercise tes-

ting whereas sildenafil’s response was intermediate

between placebo and nitrate.

Level of Evidence : High level.

◆◆◆

Effect of sildenafil on the acute pulmonary vasodi-

lator response to inhaled nitric oxide in adults with

primary pulmonary hypertension. 

Lepore JJ, Maroo A, Pereira NL.  Am J Cardiol

2002; 90:677-680.

Notes: In nine patients with primary pulmonary

hypertension, sildenafil caused pulmonary vasodila-

tion and improved cardiac index.  When given with

inhaled NO it augmented and prolonged the pulmo-

nary vasodilator effects of NO and prevented

rebound vasoconstriction.

Level of Evidence : High level.

◆◆◆

Oral sildenafil is an effective and specific pulmo-

nary vasodilator in patients with pulmonary arte-

rial hypertension. 

Michelakis E, Tymchak W, Lien D, et al.  Circula-

tion 2002; 105:2398-2403.

Notes:  Thirteen patients with pulmonary hyperten-

sion had hemodynamic measures with inhaled NO,

sildenafil or both.  Sildenafil decreased pulmonary

vascular resistance and there was an additive effect

with iNO.  Sildenafil improved cardiac index whe-

reas iNO alone did not.

Level of Evidence :High level.

◆◆◆

Sildenafil (Viagra) induces powerful cardioprotec-

tive effect via opening of mitochondrial KATP

channels in rabbits. 

Ockaili R, Salloum F, Hawkins J, et al.  Am J Phy-

siol Heart Circ Physiol 2002; 283:H1263-H1269.

Notes: In a rabbit model of myocardial infarction

sildenafil decrease blood pressure transiently, mar-

kedly reduced myocardial infarct size when given

acutely before coronary occlusion or 24 hours befo-

re coronary occlusion.  Reasonable study but we’ve

been unable to reproduce these results in our lab.

Level of Evidence :  High level.

◆◆◆
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Intravenous sildenafil lowers pulmonary vascular

resistance in a model of neonatal pulmonary hyper-

tension. 

Shekerdemian L, Ravn HB, Penny DJ.  Am J Res-

pir Crit Care Med 2002; 165:1098-1102.

Notes: Animal study.  Eighteen piglets in which pul-

monary hypertension 2° to meconium aspiration is

mimicked (as a cause of pulmonary hypertension in

neonates).  IV sildenafil completely reversed the

increase in pulmonary vascular resistance with no

effect on systemic hemodynamics.

Level of Evidence :  High level.

◆◆◆

The effect of vardenafil, a potent and highly selec-

tive Phosphodiesterase-5 inhibitor for the treatment

of erectile dysfunction, on the cardiovascular res-

ponse to exercise in patients with coronary artery

disease. 

Thadani U, Smith W, Nash S et al.  Journal of the

American College of Cardiology 2002;40(11):

2002-2012.

Note: In this double-blind crossover, single-dose

multicentre study, 41 men with reproducible stable

exertional angina due to ischaemic CAD received

vardenafil 10 mg or placebo, followed by ETT (5 to

10 metabolic equivalents [METS], Bruce protocol) 1

hour postdose. At peak exercise, vardenafil 10 mg

did not alter blood pressure, heart rate, or rate pres-

sure product relative to placebo.  Vardenafil 10 mg

did not impair the ability of patients with stable CAD

to exercise at levels equivalent or greater than that

attained during sexual intercourse (average of 2.5 to

3.3 METS).

Level of Evidence: High level

◆◆◆

The effect of vardenafil, a potent and highly selec-

tive phosphodiesterase-5 inhibitor for the treatment

of erectile dysfunction, on the cardiovascular res-

ponse to exercise in patients with coronary artery

disease. 

Thadani U, Smith W, Nash S, et al.  J Am Coll Car-

diol 2002; 40:2006-2012.

Supports:  Addresses Question #5.  CV safety of

vardenafil.

Notes: Double-blind, crossover, placebo controlled

study of 41 men with stable exertional angina due to

CAD who had exercise treadmill testing on a Bruce

protocol (5 - 10 Mets).  Vardenafil did not alter exer-

cise time, or first awareness of angina.  Vardenafil

significantly prolonged time to ischemic threshold.

Vardenafil did not alter blood pressure, heart rate, or

rate - pressure - product.

Level of Evidence :  High level.

◆◆◆

Effects of sildenafil citrate (Viagra) on blood pressu-

re in normotensive and hypertensive men. 

Vardi Y, Klein L, Nassar S, et al.  Urology 2002;

59:747-752.

Notes: Sildenafil given to 22 hypertensive and 27

normotensive men while ambulatory blood pressure

was monitored.  Overall sildenafil decreased systolic

by 6 mmHg and diastolic BP by -4.5 mmHg with no

difference in response between normotensive and

hypertensive men.  All men tolerated sildenafil well

without hypotensive symptoms event though 22.7%

of hypertensive men and 4% of normotensive men

had a decrease in systolic BP of 20 mmHg or more.

Level of Evidence : High level.

◆◆◆

Immediate and long-term hemodynamic and clini-

cal effects of sildenafil in patients with pulmonary

arterial hypertension receiving vasodilator therapy.  

Bhatia S, Frantz RP, Severson CJ et al.  May Clinic

Proceedings 2003;78(10):1207-13.  

Note: Sildenafil has an immediate pulmonary vaso-

dilator effect in 13 patients already receiving vasodi-

lators for pulmonary arterial hypertension but its

long-term effects on right heart function and functio-

nal status are equivocal.

Level of Evidence: High level

◆◆◆

Effects of sildenafil (viagra) on human myocardial

contractility, in vitro arrhythmias and tension of

internal mammaria arteries and saphenous veins.  

Cremers B, Scheler M, Maack C et al.  Journal of

Cardiovascular Pharmacology 2003;41(5)734-43.

Note: Sildenafil exerts potent vasodilatory actions

but has no direct influence on human myocardial

contractility or proarrhythmic effects in vitro.

Level of Evidence: High level 

◆◆◆

2003
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The effects of sildenafil on the cardiovascular res-

ponse in men with spinal cord injury at or above the

sixth thoracic level.  

Ethans KD, Casey AR, Schryvers OI et al.   The

Journal of Spinal Cord Medicine 2003;26:222-226. 

Note: Large double blind placebo controlled crosso-

ver trial of sildenafil 50 and 100 mg.  Sildenafil

induces significant hypotension in people with cervi-

cal-level injuries-more so than in thoracic-level inju-

ries- and can cause dizziness in both populations.  It

should be prescribed with caution and informed

consent from the patient.

Level of Evidence: High level

◆◆◆

Sildenafil citrate does not reduce exercise tolerance

in men with erectile dysfunction and chronic stable

angina.  

Fox KM, Thadani U, Ma PT et al.  European Heart

Journal 2003;24(24):2206-12.

Note: Large study.  Sildenafil was well tolerated and

did not adversely affect any exercise parameter in

men with coronary artery disease and ED.  Favou-

rable trends in total exercise duration and times to

onset of angina and limiting angina were recorded

with sildenafil use.

Level of Evidence: High level

◆◆◆

Timecourse of the interaction between tadalafil and

nitrates.  

Kloner Ra, Hutter Am, Emmick JT et al.  Journal

of the American College of Cardiology 2003;

42(10):1855-60.  

Note: Large cross-over study demonstrating the hae-

modynamic interaction between tadalafil and sublin-

gual nitroglycerin lasted 24 h, but was not seen at 48

h and beyond. Similar to other PDE5 inhibitors, tada-

lafil should not be administered in combination with

organic nitrates. 

Level of Evidence: High level 

◆◆◆

Clinical trials of sildenafil citrate (Viagra) demons-

trate no increase in risk of myocardial infarction

and cardiovascular death compared with placebo.  

Mittleman MA, Glasser DB, Orazem J.  International

Journal of Clinical Practice 2003;57(7):597-600. 

Note: Meta-analysis of over 120 trials.  The use of sil-

denafil was not associated with an increase in the risk

of MI or cardiovascular death (Pfizer sponsored).

Level of Evidence: High level

◆◆◆

Effects of sildenafil on myocardial infarct size,

microvascular function, and acute ischaemic left

ventricular dilation.  

Reffelmann T, Kloner RA.  Cardiovascular Resear-

ch 2003;59(2)441-9.  

Note: Open-chest rabbit study.  Sildenafil reduced

cardiac pre- and afterload, and parameters of left

ventricular contractility.  Myocardial necrosis and

microvascular dysfunction were neither exacerbated

nor attenuated.  

Level of Evidence: High level 

◆◆◆

Vascular effects of sildenafil in hypertensive car-

diac transplant recipients.  

Schofield RS, Edwards DG, Schuler BT et al.  Ame-

rican Journal of Hypertension 2003;16(10):874-7.

Note: 15 patient study.  Sildenafil (50 mg) is well

tolerated in hypertensive cardiac transplant reci-

pients and improves BP, aortic augmentation index

and endothelial function reducing left ventricular

afterload and systolic stress. 

Level of Evidence: High level

Evaluation of the safety of sildenafil for male erec-

tile dysfunction: experience gained in general prac-

tice use in England in 1999. 

Boshier A, Wilton LV, Shakir SAW. British Journal

of Urology 2004;93:796-801.

Note: Large study of 22,471 men identifying the

safety profile of sildenafil as used in the community,

showing no unexpected events.  The standardized

mortality ratio analysis of deaths from IH provided

no evidence to suggest a higher incidence of deaths

in the study cohort than in the male population in

England.

Level of Evidence: High level

◆◆◆

Efficacy and safety of sildenafil citrate in men with

erectile dysfunction and stable coronary artery

disease.  

DeBusk RF, Pepine CJ, Glasser DB et al.  Ameri-

can Journal of Cardiology 2004;93(2):147-53.

Note: Large study, placebo-controlled.  Sildenafil is

an effective and well-tolerated treatment for ED in

men with CAD with no additional safety risks in this

patient population. 

Level of Evidence: High level

◆◆◆

2004
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Clinical efficacy of sildenafil in primary pulmona-

ry hypertension.  A randomised, placebo-controlled,

double-blind cross-over study.  

Sastry BKS, Narassimhan DM, Krishna Reddy N et

al.  Journal of the American College of Cardiology

2004;43(7):1149-53.

Note: Randomised cross-over trial of sildenafil 25 to

100 mg tds versus placebo.  Sildenafil significantly

improves exercise tolerance, cardiac index and QOL

in patients with primary pulmonary hypertension.

Level of Evidence: High level

◆◆◆

Use of sildenafil for safe improvement of erectile

function and quality of life in men with New York

Heart Association classes II and III congestive

heart failure: a prospective, placebo-controlled,

double-blind crossover trial.  

Webster LJ, Michelakis ED, Davis T et al.  Archives

of Internal Medicine 2004;164(5):514-20.

Note: Large crossover trial of 35 patients.  Sildenafil

is a safe and effective treatment for ED in men with

New York Heart Association classes II and III CHF

and provides relief of depressive symptoms, explai-

ning an improvement in the perception of quality of

life. 

Level of Evidence: High level

◆◆◆

Hypotensive interaction of sildenafil and nicorndil

in rats through the cGMP pathway but not by

KATP channel activation. 

Ishizuka N, Saito K, Akima M, et al.  Jpn. J. Phar-

macol 2000; 84:316-324.

Notes: Combination of sildenafil plus nicorandil or

sildenafil with nitrates potentiates hypotension in

pentobarbital anesthetized rats.

Level of Evidence :  Intermediate level.

◆◆◆

Effects of sildenafil on human penile blood vessels. 

Medina P, Segarra G, Vila JM, et al.  Urology 2000;

56:539-543.

Note: Uses isolated penile dorsal arteries and deep

dorsal veins from 14 multi-organ donors.  Sildenafil

caused contraction dependent relaxation and ampli-

fied relaxation to sodium nitroprusside.  Relaxation

was unaffected by inhibitor of NO synthase.

Level of Evidence : Intermediate level.

◆◆◆

Relaxation induced by cGMP phosphodiesterase

inhibitors sildenafil and zaprinast in human ves-

sels. 

Medina P, Segarra G, Martinez-Leon JB, et al.

Ann Thorac Surg 2000; 70:1327-1331.

Note: In vitro study of human coronary, internal

mammary, radial arteries, and forearm veins showing

that sildenafil caused concentration –dependent

relaxation in theses vessels.  Sildenafil amplified the

effect of sodium nitroprusside.

Level of Evidence : Intermediate level.

◆◆◆

Sympathetic activation by sildenafil.

Phillips BG, Kato M, Pesek CA, et al.  Circulation

2000; 102:3068-3073.

Note:  Fourteen normal volunteers received sildena-

fil vs. placebo.  Sildenafil did not change HR, BP but

did increase muscle sympathetic activity and ↑ plas-

ma norepinephrine levels and ↑ sympathetic nerve

traffic during stress.

Level of Evidence :  Intermediate evidence.

◆◆◆

2000

II : Intermediate Level Publications
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Cardiovascular effects of sildenafil citrate

(Viagra): A naturalistic cross-over study.

Agelink MW, Schmitz T, Rembrink K, et al.  Eur J

Med Res 2001 6:459-564.

Note: Shows sildenafil ↓ resting BP (blood pressu-

re), reflex ↑ in HR (heart rate),  No change in ECG,

HR variability.  Suggests sildenafil does not affect

cardiac autonomic nervous system function.

Level of Evidence : Intermediate level.

◆◆◆

Modulation of human platelet aggregation by the

phosphodiesterase Type 5 inhibitor sildenafil.

Berkels R, Klotz T, Sticht G, et al.  Journal of Car-

diovascular Pharmacology 2001; 37:413-421.

Note: 100 mg oral sildenafil increased bleeding time

at one hour after dose but bleeding time returned to

baseline at four hours.  50 mg dose had no effect.  In

vitro study showed that sildenafil 50 mg or 100 mg

did not inhibit ADP induced aggregation but colla-

gen induced aggregation was reduced (note: differs

from data shown in Pfizer AJC supplement).

Level of Evidence :  Intermediate level.

◆◆◆

The effect of sildenafil on nitric oxide-mediated

vasodilation in healthy men.  

Dishy V, Sofowora G, Harris PA, et al.  Clin Phar-

macol Ther 2001; 70-270-279.

Note: In healthy men sildenafil increased sensitivi-

ty to nitroglycerin 4 x but did not affect endothelium

- dependent vasodilation in hand vein or forearm

arterial vasculature.  No data on men with ↓ endo-

thelial function at baseline.

Level of Evidence :  Intermediate level.

◆◆◆

Cardiovascular safety of sublingual apomorphine

in patients on stable doses of oral antihypertensive

agents and nitrates.  

Fagan TC, Buttler S, Marbury T, Taylor A,

Edmonds A; SL APO Study Group. Am J Cardiol

2001 Oct 1;88(7):760-6.

Note: examined the pharmacodynamic interactions

between apomorphine SL and commonly used car-

diovascular medications in a double-blind, crossover

study involving 162 men (mean age, 61 years) who

had been stable on therapeutic doses of ACE inhibi-

tors, beta blockers, α1 blockers, calcium channel

blockers, diuretics, or nitrates for at least four weeks.  

Level of Evidence : Intermediate level.

◆◆◆

Nebulized sildenafil is a selective pulmonary vaso-

dilator in lambs with acute pulmonary hyperten-

sion. 

Ichinose, F, Erana-Garcia J, Hromi J, et al.  Crit.

Care Med. 2001 Vol. 29 5:1000-1005.

Note: Pulmonary hypertension induced by infusion

of thromboxane analogue.  Nebulized sildenafil ↓
pulmonary artery pressures and had an additive

effect with inhaled NO.

Level of Evidence :  Intermediate level.

◆◆◆

Effect of sildenafil on blood pressure and arterial

wave reflection in treated hypertensive men.   

Mahmud A, Hennessy M, and Feely J.  Journal of

Human Hypertension 2001; 15:707-713.

Note: Sildenafil given to eight men with well

controlled hypertension reduced brachial blood pres-

sure and reduced arterial wave reflection.

Level of Evidence : Intermediate level.

◆◆◆

Potentiation of sildenafil-induced hypotension is

minimal with nitrates generating a radical interme-

diate. 

Schwemmer M, Bassenge E, Stoeter M, et al.  Jour-

nal of Cardiovascular Pharmacology 2001; 38:149-

155.

Note: Chronically instrumented canine study.  Twen-

ty-four hour infusion of three types of nitrates and

then sildenafil.  During glyceryl trinitrate sildenafil ↓
BP 21 ± 13 mmHg; during ISDN -18 mmHg; during

pentaerythritol tetranitrate -6 mmHg.

Level of Evidence :  Intermediate level.

◆◆◆

Cardiac phosphodiesterase 5 (cGMP-specific)

modulates ββ-adrenergic signaling in vivo and is

down-regulated in heart failure. 

Senzaki H, Smith CJ, Juang GJ, et al.  FASEB

2001; 15:1718-1726.

Notes:  This agent was used in conscious dog models

including a heart failure model.  They claim that

PDE5 is expressed in myocardial cells.  PDE5A

regulation of cGMP is altered in heart failure and

may blunt the beta adrenergic response.

Level of Evidence : Intermediate level.

◆◆◆

2001
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Assessment of the efficacy and safety of Viagra
(sildenafil citrate) in men with erectile dysfunction

during long-term treatment. 

Steers W, Guay AT, Leriche A, et al.  International

Journal of Impotence Research 2001; 13:261-267.

Note: Open label study of sildenafil for efficacy (n =

1008); not placebo controlled.  Patients followed for

36 or 52 weeks.  Treatment related CV adverse events

(↑ BP, tachycardia, palpitations, angina) < 1%.

Level of Evidence : Intermediate level.

◆◆◆

Effect of inhaled iloprost plus oral sildenafil in

patients with primary pulmonary hypertension.  

Wilkens H, Guth A, König J, et al.  Circulation

2001; 104:1218-1222.

Note: Small nonrandomized study showing that sil-

denafil reduces pulmonary artery pressure in patients

with primary pulmonary hypertension and that this

effect is additive with iloprost.

Level of Evidence :  Intermediate level.

◆◆◆

Effect of Sildenafil on rennin secretion in human

subjects.

Chiu YJ, Reid IA.  Exp Bio Med 2002; 227:620-

625.

Notes: Ten healthy human volunteers had unrestric-

ted sodium intake; another 10 had restricted sodium

intake.  Sildenafil had only minor CV effects.  Plas-

ma rennin activity was associated with a fall after

placebo but no fall after sildenafil.  Results regarding

renin similar between two groups.  Significance of

this study is not clear.

Level of Evidence : Intermediate level.

◆◆◆

Intracavernous injections for erectile dysfunction

in patients with cardiovascular diseases and failure

or contraindications for sildenafil citrate. 

Israilov S, Niv E, Livne PM, et al.  International

Journal of Impotence Research 2002; 14:38-43.

Notes: Success rate was 94% with injection therapy.

Follow-up BPs in office did not show changes in bra-

chial blood pressure or deterioration of CV health or

change in cardiac meds.

Level of Evidence :Intermediate level.

◆◆◆

Relaxation and cGMP formation in response to sil-

denafil and sodium nitroprusside in saphenous

veins from normotensive and hypertensive patients.

Medina P, Segarra G, Martinez-Leon JB, et al.  Am

J Hypertens 2002; 15:798-802.

Notes: Study of saphenous vein rings (in vitro) from

hypertensive and normotensive individuals. Sildena-

fil caused venorelaxation that was greater in normo-

tensives but had a synergistic effect with sodium

nitroprusside greater in veins of hypertensives.  Sil-

denafil ↑ cGMP levels.

Level of Evidence :  Intermediate level.

◆◆◆

Potential for use of pulse wave analysis in determi-

ning the interaction between sildenafil and glyceryl

trinitrate. 

O’Rourke MF, Nichols WW.  Clin. Cardiol. 2002;

25:295-299.

Notes: Central aortic wave form measured noninva-

sively.  Oral sildenafil augmented fall in aortic sys-

tolic pressure in healthy volunteers.  There was a fall

in augmentation index and pulse pressure.

Level of Evidence :  Intermediate level.

◆◆◆

Sildenafil and T-1032, phosphodiesterase type 5

inhibitors, showed a different vasorelaxant proper-

ty in the isolated rat aorta. 

Mochida H, Inoue H, Takagi M, et al.  European J.

of Pharmacology 2002; 440:45-52.

Notes: Study done in isolated rat aorta (in-vitro).

Sildenafil caused vasodilation by both an ↑ in cGMP

levels as well as an inhibition of external calcium –

dependent cascade.

Level of Evidence : Intermediate level.

◆◆◆

Effects of sildenafil citrate (Viagra) on cardiac

repolarizaton and on autonomic control in subjects

with chronic heart failure. 

Piccirrillo G, Nocco M, Lionetti M, et al.  Am Heart

J 2002; 143:703-710.

Notes:  In men with heart failure sildenafil decreased

vagal modulations plus ↑ sympathetic modulations

which may have been secondary to reflex vasodilator

effect.  Sildenafil had no direct effect on QT interval

or dispersion.  Nevertheless, authors conclude that

autonomic system changes could alter QT dynamic

and favor arrhythmias.

Level of Evidence :  Intermediate level.

◆◆◆
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Interactions of sildenafil with various coronary

vasodilators in isolated porcine coronary artery.  

Sakuma I, Akaishi Y, Tomioka H, et al. European

Journal of Pharmacology 2002; 437:155.163.

Notes: Study of isolated porcine coronary arteries in

which interaction of sildenafil with various coronary

vasodilators was studied. Sildenafil potentiated

relaxation of arteries to drugs that were NO donors.

Level of Evidence :  Intermediate level.

◆◆◆

Sildenafil-nitric oxide donor combination promotes

ventricular tachyarrhythmias in the swine right

ventricle.

Swissa M, Ohara T, Lee M-H, et al.  Am J Physiol

Heart Circ Physiol 2002; 282:H1787-1792.

Notes: Eight isolated swine right ventricles – vulne-

rability to VT/VF tested by rapid pacing.  No increa-

se with sildenafil alone or NO donor alone, but com-

bination increased incidence of VT/VF.

Level of Evidence :  Intermediate level.

◆◆◆

Sildenafil reverses O2 constriction of the rabbit

ductus arteriosus by inhibiting type 5 phosphodies-

terase and activating BKCa Channels. 

Thèbaud B, Michelakis E, Wu X-C, et al.  Pediatric

Research 2002; 52:19-24.

Notes:  Fetal rabbit ductus arteriosus rings studied

in-vitro.  Sildenafil induced dose-dependent relaxa-

tion of the rings and might be an alternative or use-

ful adjunct to prostaglandin E1.

Level of Evidence : Intermediate level.

◆◆◆

Sildenafil (Viagra) augments sodium nitroprussi-

de-induced but not nitroglycerin-induced hypoten-

sion in dogs. 

Yoo KY, Kim HS, Moon J-D, et al.  Anesth Analog

2002; 94:1505-1509.

Notes: Anesthetized canine preparation.  Sodium

nitroprusside or nitroglycerin induced dose-depen-

dent decreases in mean arterial blood pressure

without affecting heart rate.  Sildenafil augmented

this effect with sodium nitroprusside but not nitro-

glycerin.  Results differ from other findings - perhaps

anesthesia with thiopental blunted the effect.

Level of Evidence :  Intermediate level.

◆◆◆

Sildenafil citrate does not affect QT intervals and

QT dispersion: An important observation for drug

safety.  

Alpaslan M, Onrat E, Samli M et al.  A.N.E.

2003;8(1):14-17.

Note: Sildenafil does not prolong QT intervals or

increase QT dispersion in 36 patients with erectile

dysfunction.

Level of Evidence: Intermediate level

◆◆◆

Oral sildenafil as long-term adjunct therapy to

inhaled iloprost in severe pulmonary arterial

hypertension.  

Ghofrani HA, Rose F, Schermuly RT et al.  Journal

of the American College of Cardiology 2003; 42

(1):158-64.

Note: In 14 patients with severe pulmonary arterial

hypertension deteriorating despite ongoing prosta-

noid treatment, long-term adjunct oral sildenafil

improves exercise capacity and pulmonary haemo-

dynamics at 9-12 months. 

Level of Evidence: Intermediate level

◆◆◆

Sildenafil for long-term treatment of nonoperable

chronic thromboembolic pulmonary hypertension.  

Ghofrani HA, Schermuly RT, Rose F et al.  Ameri-

can Journal of Respiratory 2003;167(8):1139-41.  

Note: Chronic oral dosing at 6 months improved pul-

monary haemodynamic and exercise capacity in 12

patients. Possible important treatment option. 

Level of Evidence: Intermediate level

◆◆◆

Haemodynamic effects of sildenafil in patients with

stable ischaemic heart disease.  

Manfroi WC, Caramori PR, Zago AJ et al.  Interna-

tional Journal of Cardiology 2003;90(2-3):153-7.

Note: A single oral dose of sildenafil had no signifi-

cant haemodynamic effect in 12 supine patients with

stable angina.  Isolated administration of sildenafil

does not appear to be associated to adverse cardio-

vascular effects. 

Level of Evidence: Intermediate level

◆◆◆

2003
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Effects of sildenafil on cardiopulmonary responses

during stress.  

Stanopoulos I, Hatzichristou D, Tryfon S et al.

Journal of Urology 2003;169(4):1417-21.  

Note: Haemodynamic changes were minimal but

more in older patients with vasculogenic ED.  41

patient study.

Level of Evidence: Intermediate level

◆◆◆

Effects of sildenafil citrate (Viagra) on hemodyna-

mic parameters during exercise testing and occur-

rence of ventricular arrhythmias in patients with

erectile dysfunction and cardiovascular disease.  

Vardi Y, Bulus M, Reisner S et al.  European Uro-

logy 2003;43(5)544-51.

Note: Sildenafil does not alter haemodynamic res-

ponse to exercise or change incidence of ventricular

arrhythmias in men with CVD and ED and should be

safe for most patients with both these conditions. 

Level of Evidence: Intermediate

◆◆◆

Erectile dysfunction in essential arterial hyperten-

sion and effects of sildenafil: results of a Spanish

National Study.  

Aranda P, Ruilope LM, Calvo C et al. American

Journal of Hypertension 2004;17:139-145.

Note: An observational study of 2130 men with

essential hypertension.  Sildenafil showed an excel-

lent response and safety profile. 

Level of Evidence: Intermediate level

◆◆◆

Acute effects of sildenafil in patients with primary

pulmonary hypertension receiving epoprostenol. 

Kuhn KP, Wickersham NE, Robbins IM, Byrne

DW.  Experimental Lung Research 2004; 30

(2):135-145.  

Note: Small study of 8 patients showing sildenafil

has greater acute haemodynamic effects than nitric

oxide and that it can further reduce pulmonary vas-

cular resistance in patients already demonstrating a

benefit from chronic epoprostenol.

Level of Evidence: Intermediate level

◆◆◆

Hemodynamic response to sildenafil, nitric oxide,

and iloprost in primary pulmonary hypertension.  

Leuchte HH, Schwaiblmair M, Baumgartner RA et

al.  Chest 2004;125(2):580-6.

Note: Small comparative study of 10 patients.  All of

the three substances, iNO, iloprost aerosol, and oral

sildenafil, significantly improved pulmonary haemo-

dynamics in patients with PPH.  The most prominent

haemodynamic effects and improvement of oxyge-

nation were observed with iloprost aerosol.

Level of Evidence: Intermediate level

◆◆◆

Clinical and haemodynamic effects of sildenafil in

pulmonary hypertension: acute and mid-term

effects.  Mikhail GW, Prasad SK, Li W et al Euro-

pean Heart Journal 2004;25:431-6.  

Note: Small study of 10 patients.  Acute right heart

and repeat study after 3 months of oral 50 mg tds.

Pulmonary haemodynamics improved and quality of

life by questionnaire.

Level of Evidence: Intermediate level

◆◆◆

Sustained efficacy and tolerability with vardenafil

over 2 years of treatment in men with erectile dys-

function.  

Stief C, Porst H, Saenz De Tejada I et al.  Interna-

tional Journal of Clinical Practice 2004;58:230-9.  

Note: Large study of 566 men with no cardiovascu-

lar safety concerns.

Level of Evidence: Intermediate level

◆◆◆

2004
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Penile erection is mediated by a spinally coordinated

activity in the autonomic pathways to the penis and

to the somatic pathways to the perineal striated

muscle, initiated by recruitment of afferent impulses.

After central processing and integration of e.g., tac-

tile, visual, olfactory, and imaginative stimuli, the

signals to the peripheral tissues involved are genera-

ted. This central regulation of penile erection

involves many transmitters and transmitter systems,

the details of which are still incompletely known.

Some of the anatomical areas of the brain, which

relate to sexual function, have been defined, inclu-

ding the medial preoptic area (MPOA), paraventri-

cular nucleus (PVN) (Figure 1), medial amygdala,

the periaqueductal gray, and ventral tegmentum [1-

4]. Studies in rats have revealed that electrical sti-

mulation of e.g., the MPOA [5], the PVN [6], or the

hippocampal formation [7] can elicit an erectile res-

ponse.

Spinally, there seems to be a network consisting of

primary afferents from the genitals, spinal interneu-

rons, and sympathetic, parasympathetic and somatic

nuclei. This network appears capable of integrating

information from the periphery and eliciting reflexi-

ve erections, and also to be the recipient of supraspi-

nal information [8]. 

The balance between factors that control the degree

of contraction of the smooth muscle of the corpora

cavernosa determines the functional state of the

penis. Despite intensive research during the last

decade, many details of neurotransmission, impulse

propagation and intracellular transduction of signals

in penile smooth muscles remain to be elucidated. 

As evidenced by several recent reviews, the infor-

mation on both central and peripheral control mecha-

nisms involved in erection is rapidly expanding, and

new details are continuously added [1-4, 9-13].

This chapter gives an update of central and periphe-

ral mechanisms involved in the control of penile

erection, and which may be targets for future treat-

ments.

Dopaminergic neurons from various parts of the

brain project to the MPOA and the PVN, [14] and

dopaminergic neurons have been identified, travel-

ling from the caudal hypothalamus to innervate the

autonomic and somatic nuclei in the lumbosacral spi-
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nal cord [15, 16]. Dopamine can thus be expected to

participate in the regulation of both the autonomic

and somatic components of the penile reflexes. 

Extracellular dopamine increases in the PVN of male

rats during sexual activity (Figure 2) [17]. Further-

more, when administered systemically to male rats,

the dopamine receptor agonist, apomorphine, stimu-

lating all subtypes of dopamine receptors, induces

penile erection,[18] simultaneously producing yaw-

ning and seminal emission. Also low dose systemic

administration of other dopamine agonists initiates

erection [1]. The effects of these agonists can be atte-

nuated by centrally, but not peripherally, acting

dopamine receptor antagonists. 

Both the two major families of dopamine receptors,

D1- and D2-like receptors,[19] have been associated

with central erectile functions; however, the D2-like

receptor subtypes seem to have the predominating

effect, even if selective D1 receptor agonists have

bee reported to produce erection [20]. 

Injection of apomorphine into the MPOA, showed

that low levels of dopaminergic stimulation, via D1
receptors in particular, facilitated erections [21]. In

contrast, dopaminergic antagonists injected into the

MPOA decreased the number of penile reflexes [22,

23]. In the PVN, similar experiments have establi-

shed that D2- rather than D1-like rceptors primarily

facilitate erections [1].

The erection following paraventricular D2 receptor

stimulation apparently involves oxytocinergic neuro-

transmission. Dopaminergic neurons impinge on

oxytocinergic cell bodies in the PVN, [24, 25] and

apomorphine-induced penile erection is prevented

dose-dependently by oxytocin receptor antagonists,

[26] or by electrolytic lesions of the PVN depleting

the oxytocin content [27-29]. Conversely, injection

of oxytocin into the PVN induced erections that were

not attenuated by dopamine receptor blockade, sug-

gesting that dopaminergic neurons activate oxytoci-

nergic neurons in the PVN, and that released oxyto-

cin then accounts for the erectile response.

Injection of apomorphine into the lumbosacral sub-

arachnoid space was reported to impair ex copula

penile reflexes, slow the rate of copulation, and

decrease the number of intromissions preceding eja-

culation, [30, 31] suggesting an inhibitory effect on

spinal erectile mechanisms. This is in contrast to

recent findings, showing that injection of apomor-

phine intrathecally in rats evoked erection in both

normal and spinalized animals [32-34]. Most proba-

bly stimulation of the dopaminergic system can pro-

duce erection both at supraspinal and spinal sites. 

As mentioned above, systemically administered apo-

morphine, enhances seminal emission. Pehek et al.

found that apomorphine injected into the PVN, but

not in the the MPOA, enhanced seminal emission.

[31]. Recording of intracavernous pressure in the

non-anesthetized rat after systemic administration of

apomorphine showed that the pressure response

consisted of both smooth and striated muscle com-

ponents [35]. This implies that systemically given

apomorphine has effects not only on the sacral para-

sympathetic output, but also on somatic pathways. 

Apomorphine is clinically effective in patients with

erectile dysfunction (ED). However, the effect is

modest compared to that of PDE5 inhibitors, and
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side effects, mainly nausea, are dose-limiting. One

way of increasing the efficacy of apomorphine may

be combination with other agents, e.g., α-adrenocep-

tor (AR) antagonists, [36] or agents acting via the

NO/guanylyl cyclase/cGMP pathway, e.g sildenafil,

[35] or allosteric activators of guanylyl cyclase (see

below). Another possibility is to explore the effects

of selective stimulation of the different dopamine

receptor subtypes, with the aim of separating effect

on erection and the nausea/emesis producing action.

Promising results with selective D4 receptor active

agents have been obtained [37].

When administered intracerebroventricularly (i.c.v.),

the adrenocorticotropic (ACTH) and α-melanocyte

stimulating hormones (α-MSH), are able to induce

penile erection (Figure 3) along with grooming,

stretching, and yawning [1, 2, 38]. These effects are

most probably mediated via stimulation of melano-

cortin (MC) receptors, of which five different sub-

types have been cloned and characterized [39, 40].

α-MSH/ACTH seem to act in the hypothalamic per-

iventricular region, and grooming, stretching and

yawning, but not penile erection, was reported to be

mediated by MC4 receptors [38, 41]. However, it is

unclear what MC receptor subtype (s) that can be lin-

ked to the erectile responses. The MC3 receptor sho-

wed a high density in the hypothalamus and limbic

systems,[39] regions known to be important for erec-

tile functions. The site and mechanism of action res-

ponsible of α-MSH/ACTH seem to be different from

those involving dopamine or oxytocin [9]. However,

it has been reported that penile erection, produced by

MC4 receptor stimulation, can be blocked by oxyto-

cin receptor antagonists [42-44].

Martin et al., and Van der Ploeg et al. presented data

that melanocortin-induced erectogenesis is mediated

by MC4 receptors [42, 45]. Van der Ploeg et al. sho-

wed that MC4-receptor mediated proerectile res-

ponses may be activated through neuronal circuitry

in spinal cord erectile centers and somatosensory

afferent nerve terminals of the penis [45]. They also

provided a basis for the existence of MC4-receptor

controlled neuronal pathways that control sexual

function. 

Melanotan II, a synthetic analogue of α-MSH, lac-

king selectivity for melanocortin receptor subtypes,

was shown to have potent erectile properties in ani-

mals models [44]. Given subcutaneously, melanotan

II had proerectile effects also in men with erectile

dysfunction [43, 44, 46, 47]. PT-141 is a novel cyclic

heptapeptide analogue of alpha-MSH (and an active

metabolite of melanotan II), which given intranasal-

ly had a proerectile effect in healthy volunteers. In

patients with mild to moderate erectile dysfunction,

PT-141 dose-dependently increased the duration and

extent of penile rigidity without any reported side

effects [48]. Also in patients not responding to silde-

nafil, PT-141 produced erection. 

The therapeutic potential of α-MSH analogues

seems very promising, but the clinical efficacy/side

effects have to be further studied.

Spinal projections from the hypothalamic supraoptic

and paraventricular oxytocinergic neurons associate

with sacral preganglionic neurons within the autono-

mic and somatic nuclei controlling erection. There

are reasons to believe that these neurons influence

the sacral autonomic more than the somatic outflow

[49-51].
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Figure 3 : Comparison of erectile response to intracerebro-

vetricular (i.c.v.) a-MSH and oxytocin in anesthetized rats 



Oxytocin produces penile erection when injected

into the lateral cerebral ventricle, the PVN, or hippo-

campus of rats. However, also intrathecal (i.t) oxyto-

cin can initiate an erection (Figure 4). These erec-

tions can be blocked by the administration of oxyto-

cin antagonists given intracerebroventricularly

(i.c.v.) or i.t., or by electrolytic lesion of the PVN

[12, 52]. Also non-contact erections can be reduced

by a selective oxytocin receptor antagonist, given

into the lateral ventricles, which supports the view

that oxytocin mediates this response [53]. The

mechanism by which oxytocin elicits erection may

be through autoactivation by stimulation of oxytoci-

nergic receptors located in the cell bodies of the

same oxytocinergic neurons in the PVN [52].  

Oxytocin increases NO production in the paraventri-

cular nucleus [54]. However, NO synthase (NOS)

inhibitors prevent penile erection and yawning in rats

induced not only by oxytocin, but also by dopamine,

excitatory amino acids, the 5-HT2C receptor agonist,

m-chlorophenylpiperazine (m-CCP; trazodone meta-

bolite), and ACTH/α-MSH, suggesting that NO is

essential for centrally acting erection-producing

agent [12].

The effects of oxytocin and central inducers of erec-

tion are also androgen-dependent [12].

Plasma oxytocin concentrations are known to be ele-

vated following sexual stimulation in humans [1].

However, the relevance of the oxytocinergic path-

way in humans has never been established. Thus,

systemic administration of oxytocin was without

effect, probably due to difficulties of the peptide to

penetrate into the CNS [1]. However, considering

that many centrally acting agents producing erection

seem to involve, directly or indirectly, oxytocinergic

pathways, it would be of interest to explore the the-

rapeutic potential of this system [55].

Hexarelin (Examorelin INN) is a hexapeptide origi-

nally characterized for its ability to release growth

hormone (GH) in laboratory animals and humans

with a potency comparable to that of the natural GH-

releasing hormone (GHRH). The GH-releasing

effect of hexarelin, similar to that of other GH secre-

tagogues, is mediated by the stimulation of receptors

distinct from those of endogenous GHRH [56]. This

peptide also increases feeding, apparently by acting

on receptors different from those that release GH and

that are localized mainly in the arcuate nucleus [57]. 

During studies aimed at identification of the brain

sites in which hexarelin acts to increase feeding, and

at characterization of the receptors mediating this

effect, a group of hexarelin analogue peptides was

found able to induce episodes of penile erection

indistinguishable from those induced by the dopami-

ne receptor agonist apomorphine, by oxytocin, by

NMDA or by NO donors when injected into the para-

ventricular nucleus of male rats. Active analogues

include EP 50885, EP 60761, EP 80661, EP 90101,

EP 91071, EP 91072. Some of the analogues were

also found able to induce penile erection, although to

a lesser extent, when given systemically [58, 59].

The potency of some of the hexarelin analogues (e.g.

EP 80661, EP 60761 and EP 91072), when injected

IV. HEXARELIN ANALOGUE
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Figure 4 : Erectile responses to oxytocin, given intracerebroventricularly (i.c.v.) and intrathecally (i.t.) 



into the paraventricular nucleus, was comparable to

that reported for apomorphine, oxytocin and NMDA

[58]. Indeed these peptides were found capable of

inducing penile erection when injected into the para-

ventricular nucleus of male rats at doses as low as 20

ng (Figure 5). On a molar basis, the dose of these

analogues that induces 50% of the maximal respon-

se corresponds to ≅70-90 pmoles. Analysis of the

amino acid sequence of the hexarelin analogues tes-

ted shows the existence of a clear structure-proerec-

tile activity relationship [59]. Indeed, the presence of

a basic C-terminal amino acid (L-Lys or L-Arg)

appears to be a requisite for proerectile activity, since

analogues, which lacks such a C-terminal amino acid

are inactive. The C-terminal amino acid may be pre-

ceded by one or more aromatic amino acid residues,

such D-Trp(2-Me) or D-Trp or D-β-(2-naphthyl)-

Ala-L-Phe. The N-terminal amino acid also seems to

have a role in the pro-erectile activity of EP peptides.

Indeed substitution of the GAB (gamma-amino-

butyryl) group with the AIB (amino-isobutyryl)

group not only abolishes proerectile activity, but also

renders the analogue capable of preventing the proe-

rectile activity of active analogues.

Hexarelin analogue peptides apparently induce peni-

le erection by acting in the paraventricular nucleus of

the hypothalamus by activating central oxytocinergic

neurotransmission with a mechanism similar to that

already described for other agents that induce erec-

tion when injected into this hypothalamic nucleus,

e.g. apomorphine, oxytocin, excitatory amino acids.

Accordingly, the proerectile effect of hexarelin ana-

logue peptides was reduced by the oxytocin receptor

antagonist [d(CH2)5Tyr(Me)2-Orn8]-vasotocin

given i.c.v. but not into the paraventricular nucleus,

by the NO synthase inhibitor L-NAME given i.c.v.

or into the paraventricular nucleus, and by morphine,

but not by the NMDA receptor antagonist dizolcipi-

ne ((+)MK-801) or by the dopamine receptor anta-

gonist cis-flupenthixol, all given into the paraventri-

cular nucleus [60]. Hexarelin analogue peptides that

induce penile erection also increase NO2- and NO3-

concentration in the paraventricular dialysate, as

measured by intracerebral microdialysis, as shown

for dopamine receptor agonists, oxytocin, NMDA

and NO donors. The activation of paraventricular

oxytocinergic neurons mediating penile erection is

apparently mediated by the stimulation of specific

receptors for these hexarelin analogues possibly

located in the cell bodies of oxytocinergic neurons

mediating penile erection.Support for this hypothesis

is provided by EP 91073, a hexarelin analogue

devoid of proerectile activity, which reduces penile

erection induced by active analogues not only in a

dose-dependent, but also a selective manner [61].

Indeed, this hexarelin analogue is unable to reduce

the proerectile effect of apomorphine, oxytocin or

NMDA injected into the paraventricular nucleus. EP

91073 also reduces the increase in paraventricular

NO production that occurs concomitantly with peni-

le erection induced by active hexarelin analogues.

Receptors mediating the proerectile effect of hexare-

lin analogue peptides seem different from those

mediating GH release and eating behavior. Accor-

dingly, the structure-activity relationship of hexare-

lin analogues for penile erection differs respect to

that involved in GH release and eating behavior, and

elimination of the C-terminal L-Lys-NH2, which eli-

minates proerectile activity, is unable to reduce GH

release or eating behaviour. Perhaps more important,

ghrelin, an endogenous agonist of GH secretagogue

receptors mediating GH release and feeding beha-

vior, was unable to induce penile erection when

injected into the paraventricular nucleus, despite its

ability to induce feeding, and the effect of ghrelin on

feeding was not prevented by EP 91073 [62]. 

No evidence is available at the moment that hexare-

lin analogue peptides can influence erectile function

in humans. Due to the potency of these peptides

when injected into the paravenricula nucleus of male

rats, the possibility of application of hexarelin ana-

logue peptides in the treatment of erectile dysfunc-

tion should be examined. However, a significant

amount of work will still be needed to address ques-

tions related to potency, bioavailability, half-life,

toxicity and route of administration. 
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Figure 5 : Erections induced by hexarelin and some ana-

logues in the awake rat



In the brain, neurons containing serotonin (5-

hydroxytryptamine, 5-HT) can be found in the

medullary raphe nuclei and ventral medulla reticular

formation, including the rostral nucleus paragiganto-

cellularis. Bulbospinal neurons containing 5-HT pro-

ject to the autonomic and somatic nuclei in the spinal

cord of e.g., rats and cats [1]. Some serotonergic

fibres were found in close apposition with retrogra-

dely-labelled sacral preganglionic neurons and

motoneurons, and synapses have been demonstrated

at the ultrastructural level, [49] supporting the invol-

vement of 5-HT in both the supraspinal and spinal

pharmacology of erection, with participation in sym-

pathetic, parasympathetic as well as somatic outflow

mechanisms. 

In animals, 5-HT seems to exert a general inhibitory

effect on male sexual behavior, [63] although the

amine may be inhibitory or facilitatory depending

upon action at different sites and at different 5-HT

receptors within the CNS [64, 65]. This may explain

conflicting reports of 5-HT receptor agonists either

enhancing or depressing sexual function. Yonezawa

et al. found that p-chloroamphetamine (PCA), an

indirect 5-HT receptor agonist, elicited simulta-

neously both penile erection and ejaculation in anes-

thetized rats [66]. It was suggested that these effects

were mainly produced by the release of 5-HT, limi-

ted to the lower spinal cord and/or peripheral sites.

The use of selective 5-HT receptor agonists and anta-

gonists, can reveal different components of male

copulatory behavior [11, 12].

5-HT2C (previously 5-HT1C) receptors seem to

mediate erectile responses,[67] and in rats stimula-

tion of 5-HT2C receptors increased circulating oxy-

tocin [68]. NOS inhibitors given i.c.v. prevented 5-

HT2C-receptor mediated erectile responses [69].

These findings suggest that both oxytocin and NO

are involved in 5-HT2C -receptor mediated erections 

Undoubtedly, 5-HT mechanisms are involved in the

control of erection, which makes them attractive as

targets for potential erection-modulating drugs.

However, so far no drugs interfering exclusively

with the 5-HT mechanisms involved in erectile

control have proven clinically useful. 

The information on noradrenergic mechanisms

involved in the central neuromediation of penile

erection is sparse. The spinal cord contains proerec-

tile autonomic motoneurons destined to the penile

tissue and its vasculature, and somatic motoneurons

destined to the perineal striated muscles [70]. Cur-

rent data suggest that increased noradrenergic activi-

ty stimulates, whereas decreased noradrenergic acti-

vity inhibits, sexual function [63, 71, 72]. Chang et

al. suggested that in the hippocampal formation there

is a negative feed back mechanism for the regulation

of penile erection, which is triggered by ascending

sensory inputs initiated by tumescence of the penis

(Figure 6) [73]. They also suggested that the nora-

drenergic innervation of the hippocampal formation

that originates from the locus coeruleus may play an

active role in this negative feedback regulation,

engaging at least α1A/D-, α2B-, and α2C-adreno-

ceptors (ARs) in the hippocampus. [74]. Theoretical-

ly, such a negative feed-back mechanism could be

the site of action of the α2-AR antagonist, yohimbi-

ne.

Yaici et al. demonstrated neurons and fibers immu-

noreactive for α2A and α2C-AR subtypes were

mainly present in the intermediolateral cell column,

the dorsal gray commissure and the ventral horn of

the T12-L2 and L5-S1 spinal cord [75]. Pseudorabies

virus-infected neurons in the autonomic nuclei were

both immunoreactive for α2A- and α2C-AR sub-

types and closely apposed by α2A- and α2C-immu-

noreactive fibers.Yaici et al. suggested that there is

an intraspinal modulation of the noradrenergic and

adrenergic control of the autonomic outflow to the

penis by pre- and postsynaptic α-ARs [75]. 

It may thus be possible to modulate penile erection

via α2-ARs both at a spinal and supraspinal site.

Whether subtype selective α2-AR antagonists have

better effects than yohimbine remains to be establi-

shed.

In the CNS, NO function is essential for erectile res-

ponses (Figure 7). NO can modulate sexual behavior

and penile erection, [69, 76-79] and may act in seve-

ral discrete brain regions, e.g., in the MPOA [78, 79]
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Figure 6 : A negative feed back mechanism for the regulation of penile erection in theb  hippocampal formation. The mecha-

nism is triggered by ascending sensory inputs initiated by tumescence of the penis. The noradrenergic innervation of the hip-

pocampal formation originating from the locus coeruleus exerts a negative feedback involving at least a1A/D-, a2B-, and a2C-

adrenoceptors (ARs) in the hippocampus (after data from Chang et al 2001).

Figure 7 : Nitric oxide and androgens and are important for central mediation of erection, no matter what system initiates

the process.



and the PVN [69, 80]. Injection of NOS inhibitors

i.c.v. or in the PVN prevented penile erectile res-

ponses induced by dopamine agonists, oxytocin, and

NMDA in rats, and NO may also mediate the actions

of ACTH/α-MSH and 5-HT2C agonists [69]. The

inhibitory effect of NOS inhibitors was not observed

when these compounds were injected concomitantly

with L-arginine, the substrate for NO [69]. NO pro-

duction increased in the PVN of male rats during

non-contact penile erections and copulation, confir-

ming that nitric oxide is a physiological mediator of

penile erection at the level of the PVN [77].

It is well established that the hypothalamus plays an

essential role in the integration and control of male

reproductive and sexual functions [1]. The gonado-

tropin-releasing hormone (GnRH) is synthesized and

secreted in the MPOA, and as pointed out by Ferrini

et al., the hypothalamus controls pulsatile gonadotro-

pin secretion and serum testosterone levels necessa-

ry to maintain spermatogenesis, libido, and, at least

in the rat, the function of the CC smooth muscle and

the perineal muscles involved in penile erection [81].

In the rat, the hypothalamus also plays a fundamen-

tal role in the control of copulatory behavior, penile

erection, and ejaculation through the transmission of

central stimuli originating mainly from the MPOA

and PVN [8]. The number of oxytocinergic neurons

in the rat PVN and supraoptic nucleus decreases sub-

stantially with aging, [82] and this decline may

impair sexual function, since penile oxytocinergic

neurons have been postulated to have an important

role in erection and ejaculation.

To explain selective neuronal loss in the brain, inclu-

ding the hypothalamus, it has been proposed that

there is an increase in the rate of programmed cell

death by oxidative and nitrosative stress in these neu-

rons [83]. Peroxynitrite, the product of the reaction

between NO and superoxide, is a strong oxidizing

and nitrating agent that can react with all classes of

biomolecules. A high level of peroxynitrite has been

observed in the brain with aging. Vernet et al. sho-

wed that in the rat MPOA and other regions of the

brain, this might be due to the expression of indu-

cible nitric oxide synthase (iNOS) [84]. Ferrini et al.

investigated by quantitative immunohistochemical

analysis the regional differences in the aging-related

expression of iNOS in the hypothalamus [81]. They

also studied whether these changes were associated

with similar variations in peroxynitrite formation

and the rate of apoptosis and examined whether

iNOS induction occurs in GnRH- and oxytocin-

containing hypothalamic neurons. They found an

aging-related iNOS expression in the hypothalamus

of the male rat, which they concluded affected

regions known to control the synthesis and release of

GnRH and oxytocin and the factors regulating peni-

le erection. Their observations suggested that iNOS

may play a role in the reduction in GnRH and oxyto-

cin neuronal secretion, resulting in reproductive dys-

functions, such as lowered serum testosterone levels

and diminished copulatory function in the aging

male animal. 

Penile arteries and veins and cavernosal smooth

muscle receive a rich adrenergic innervation, and it is

generally accepted that the penis is kept in the flac-

cid state mainly via a tonic activity in these nerves

[12]. Released noradrenaline stimulates α-ARs in the

penile vasculature and in the trabecular smooth

muscle of the CC. The postreceptor mechanisms

involved include activation of phospholipase C and

generation of inositol trisphosphate (IP3) and diacyl-

glycerol. In addition, α-AR agonists induce a higher

force/Ca2+ ratio than does a depolarization-induced

increase (ie, potassium chloride) in intracellular

Ca2+, suggesting a “calcium-sensitizing“ effect of

the agonists (see below). The effect of calcium-sen-

sitizing agonists are mediated by guanosine triphos-

phate (GTP)–binding proteins recruiting other mes-

senger systems [85].

Hashitani et al. investigated the cellular mechanism

of NO-induced relaxation in CC smooth muscle from

the guinea pig [86]. They found that in noradrenali-

ne- precontracted preparations, the NO donor, SIN-1,

inhibited 80% of the contraction and decreased

[Ca2+](i) by 20%. In contrast, the calcium antago-

nist, nifedipine, reduced [Ca2+](i) by 80%, whereas

the level of contraction was decreased by only 20%.

In high potassium precontracted preparations, SIN-1

inhibited 80% of the contraction and reduced

[Ca2+](i) by 20%. Hashitani et al. suggested that

decreasing the sensitivity of contractile proteins to

Ca2+ may be the key mechanism of NO-induced

relaxation in CC smooth muscle [86].

Many factors, including androgens, may regulate the

α-AR responsiveness of cavernous smooth muscle.
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Compared with normal rats, castrated animals sho-

wed an enhanced reactivity to α1-AR stimulation

[87]. In animals with long-term (1-year) streptozoto-

cin-induced diabetes, there was a failure to respond

to α1-AR stimulation in the cavernous circulation

[88]. The clinical importance of these observations

has so far not been established.

It is known that men with hypertension have a higher

prevalence of ED than the general population. Behr-

Roussel et al. found in the spontaneously hypertensi-

ve rat a reduced response to cavernous nerve stimu-

lation, a reduced contractile CC response to phenyle-

phrine, and impaired endothelium-dependent relaxa-

tion to acetylcholine [89]. Indomethacin improved

the acetylcholine-induced relaxations. The investiga-

tors suggested that ED in hypertension was due to a

dysregulated balance between vasoactive substances,

with an increase in vasoconstrictor prostanoids and a

defect NO availability. Since the spontaneously

hypertensive rat has an increased peripheral sympa-

thetic nervous activity, it may be that NO fails to

override the concerted effects of the contractile fac-

tors in the penis (see below).

ET-1, which potently induces slowly developing,

long-lasting contractions in the CC and penile ves-

sels, has been suggested to contribute to the mainte-

nance of CC smooth muscle tone [12, 90]. Contrac-

tions can be evoked in human CC tissue also by ET-

2 and ET-3, although these peptides have a lower

potency than ET-1 [91]. The contractions induced by

ET-1 may be dependent on transmembrane calcium

flux (through voltage-dependent and/or receptor-

operated calcium channels), the mobilization of IP3-

sensitive intracellular calcium stores [92, 93], and

calcium sensitization of the contractile machinery. In

bovine retractor penis muscle and penile artery, the

contraction induced by ET-1 was mediated primarily

by ETA-receptors [94]. This was also the case in

human CC [95]. In the pithed rat, intravenously

injected ET-1 had a vasodilator action (increase in

corporal pressure) at low, but a vasoconstrictor

action at high, doses [96]. ET-3 had mainly vasodila-

tor effects, and it was suggested that the vasodilator

actions were mediated by activation of ETB recep-

tors on the endothelium and local release of NO,

since these actions were inhibited by NG-nitro-L-

arginine methyl ester (L-NAME). 

Dai et al. used selective receptor antagonists to exa-

mine the role of ET-1 in erection in rats [97]. Their

results confirmed that cavernosal tissue of the rat

penis is highly responsive to ET-1. However, blocka-

de of the ETA or the ETB receptor had no effect on

the erectile response induced by maximal ganglionic

stimulation in vivo. The failure of the ET-1 antago-

nists to affect penile erection seemed to reflect a

minimal role of ET-1 in the erectile response in the

rat. Kim et al. evaluated in a pilot study the ETA
receptor antagonist BMS-193884 as a treatment for

ED in an animal model (rabbit) and in men with

mild-to-moderate ED [98]. Experimentally, BMS-

193884 facilitated cavernosal smooth muscle relaxa-

tion ex vivo and prolonged penile tumescence in

vivo. In contrast, the clinical study failed to show

enhancement of erectile responses in men with ED.

However, this disparity between the laboratory and

clinical results does not rule out that ETs may play a

role in keeping the penis in a flaccid state or that ETs

may be associated with ED. Further clinical studies

with selective antagonists of ET receptors have to be

performed to assess the role of ETs in erectile func-

tion and ED.

Even if a role for ETs as long-term regulators of cor-

poral smooth muscle tone has not been definitely

established, they may have important effects in peni-

le physiology and pathophysiology, for example, as

modulators of the effect of other contractile agents

(eg, noradrenaline), [92, 99, 100] or as modulators of

cellular proliferation and phenotypic expression

[101].

Human corpus cavernosum tissue has the ability to

synthetize various prostanoids, and has also the abi-

lity to locally metabolize them [1, 102, 103]. The

production of prostanoids can be modulated by oxy-

gen tension and suppressed by hypoxia. Correspon-

ding to the five primary active prostanoid metabo-

lites: PGD2, PGE2, PGF2α, PGI2, and TXA2, there

are five major groups of receptors mediate their

effects, namely DP, EP, FP, IP, and TP receptors.

cDNAs encoding representatives of each of these

groups of receptors have been cloned, including

several subtypes of EP receptors. Penile tissues may

contain most of these groups of receptors. However,

their role in penile physiology is still far from esta-

blished [102, 103]. Prostanoids may be involved in

contraction of erectile tissues via PGF2α and throm-

boxane A2, stimulating TX and FP receptors and ini-
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tiating phosphoinositide turnover, as well as in

relaxation via PGE1 and PGE2, stimulating EP

receptors (EP2/EP4) and initiating an increase in the

intracellular concentration of cAMP. Prostanoids

may also be involved in inhibition of platelet aggre-

gation and white cell adhesion, and recent data sug-

gest that prostanoids and transforming growth factor-

β1 (TGF-β1) may have a role in modulation of col-

lagen synthesis and in the regulation of fibrosis of

the corpus cavernosum [104].

Whether or not inhibition of contraction-mediating

prostanoid receptors will be usefuls as a therapeutic

principle for treatment of ED remains to be establi-

shed.

It is generally accepted that vascular smooth muscle

contraction is dependent on the extent of myosin

light chain phosphorylation. Vasoconstrictor ligand

binding elevates cytosolic free calcium ([Ca2+]i ) by

causing the opening of membrane Ca2+ channels as

well as the release of Ca2+ stored in the sarcoplas-

mic reticulum [105]. The Ca2+ binds to calmodulin

and the resulting complex activates myosin light

chain (MLC) kinase (Figure 8). When active, MLC

kinase phosphorylates MLC (i.e., MLC~P) permit-

ting myosin - α-actin cross bridge formation and

contraction. MLC phosphatase is responsible for

removal of the phosphate and in the non-phosphory-

lated state the myosin cross bridge detaches and

relaxation results. Thus, the relative activity of MLC

kinase and MLC phosphatase determines the state of

contraction or relaxation. Recent studies have, howe-

ver, demonstrated that in vascular smooth muscle,

the relationship between [Ca2+]i  and agonist-indu-

ced force generation is not a simple one [106] and

suggest a Ca2+ -independent regulation, which is

also activated during agonist-induced smooth muscle

contraction. In addition to increasing cytosolic Ca2+,

vaso-constrictor agents may also activate this Ca2+-

independent mechanism, ie., Ca2+ sensitization. The

Ca 2+ sensitization appears to result from the inhibi-

tion of MLC phosphatase activity, and when MLC

phosphatase activity declines, there is a net increase

in the extent of MLC phosphorylation resulting in

sustained contraction despite the moderate to low

levels of [Ca2+]i.   

Except during periods of sexual excitement or epi-

sodes of nocturnal penile erections, the smooth

muscle cells of the penile vasculature are primarily

contracted resulting in minimal blood flow through

the erectile tissue. In order for the penis to become

erect, this vasoconstriction must be overcome to per-

mit relaxation of the arteriolar and sinusoidal smoo-

th muscle cells [12, 107]. The primary agent respon-

sible for this cavernosal smooth muscle relaxation is

thought to be nitric oxide (NO) released from penile

nerves and from cavernosal endothelial cells [12].

NO diffuses into smooth muscle cells where it acti-

vates soluble guanylate cyclase (sGC) to elevate

intracellular levels of cGMP and increases cyclic

GMP-dependent protein kinase (PKG or cGK I) acti-

vity [108]. The NO/cGMP/PKG signaling pathways

lead to relaxation through a variety of mechanisms

including: (1) inhibition of L-type Ca2+channels, (2)

activation of Ca2+-dependent ATPase in sarcoplas-

mic reticulum, (3) stimulation of the opening of

membrane K+ channels to hyperpolarize the cell

membrane [109] (4) suppression of the Ca2+ sensiti-

zation pathway [110].

Cyclic AMP-dependent relaxation may also contri-

bute to relaxation of cavernosal smooth muscle.

Erection resulting from the actions of e.g., vasoacti-

ve intestinal peptide are considered to be mediated

by cAMP-dependent processes [12, 111]. Furthermo-

re, prostaglandin E1, widely used in the treatment for

ED, acts via a cyclic AMP-dependent mechanism

[112]. Although less extensively studied, the mecha-

nisms involved in cyclic AMP-dependent vasore-

laxation appear to parallel those described for cyclic

GMP-dependent mechanisms. 

While there is ample published evidence supporting

the role of [Ca2+]i in cavernosal smooth muscle

contraction, [105] pathways which regulate

Ca2+sensitivity have only recently been examined in

the vascular tissue of the penis [113]. Ca2+ sensiti-

IV. THE RHOA/RHO-KINASE 
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zation is regulated in other vascular tissues by the

monomeric GTP binding protein, RhoA and its

downstream target, Rho-kinase [85, 105, 108].

Figures 8, 9 and 10 will illustrate these pathways.  

RhoA is a small, GTP-binding protein which regu-

lates a wide range of cellular processes including

cytoskeletal function, secretion and smooth muscle

contraction [105]. In the inactive state, RhoA binds

GDP, but with vaso-constrictor ligand binding, GDP

is exchanged for GTP. Activation of RhoA is com-

pleted with post-translational geranylgeranylation

and RhoA migration to the cell membrane. These

steps, resulting in RhoA activation, are regulated by

three groups of proteins, which are found in most

cells (Figure 9) [114, 115]. The GTPase activating

proteins (GAP) increase intrinsic GTPase activity to

maintain RhoA in the inactive form. Guanine nucleo-

tide dissociation inhibitor (GDI) proteins inhibit

GTPase activity to maintain RhoA in the GDP bound

(inactive) state. Guanine nucleotide exchange factors

(GEF) promote dissociation of RhoA-GDP to facili-

tate binding of GTP and RhoA activation. GEF pro-

teins are considered to be the primary regulators of

RhoA activation and hence the activity of the

RhoA/Rho-kinase pathway (Figure 10). 

Once activated, RhoA has several downstream tar-

gets, but of interest to this discussion of smooth

muscle contraction is the downstream target, Rho-

kinase. Rho-kinase, in turn, phosphorylates MLC

phosphatase which results in the loss of phosphatase

activity. When MLC phosphatase activity is inhibi-

ted, the phosphorylated form of MLC (i.e., MLC~P)

is maintained and smooth muscle remains contrac-

ted. Rho-kinase has been reported to exist in two iso-

forms (α and β, but the β is considered to be the

more important in cavernous smooth muscle

contraction [116, 117]. 

Reports from several laboratories have demonstrated

that there is considerable activity of the RhoA/Rho-

kinase signaling pathway in penile tissue. These stu-

dies have utilized western analysis and immunocyto-

chemistry to demonstrate both RhoA and Rho-kina-

se proteins in cavernous smooth muscle cells (Figu-

re 11) [113, 118-121]. In addition, the selective Rho-

kinase inhibitor, Y-27632 [(+)-(R)-trans-4-(1-Ami-

noethyl)-N-(4-pyridyl) cyclohexanecarboxamide

dihydrochloride, monohydrate], has been used to

demonstrate RhoA/Rho-kinase activity in the caver-

nous vasculature and during the erectile response

[113, 118, 121]. Y-27632 competes with ATP for bin-

ding to the ATP binding site on Rho-kinase and, in

this way, prevents the phosphorylation, and thus,

inactivation of MLC phosphatase. In the presence of

Y-27632, MLC phosphatase is activated so that

MLC~P is de-phosphorylated to promote smooth

muscle relaxation. Injection of Y-27632 into the

cavernous sinuses of the rat penis produced increa-

sed intracavernosal pressure (ICP) in a dose-depen-

dent fashion (Figure 12) as shown by Chitaley et al

[113]. In this study, prior treatment of the penile vas-

culature with inhibitors of NO synthesis (ie., L-

NAME) or guanylate cyclase (ie., ODQ) failed to

alter the vasodilatory action of Y-27632, demonstra-

ting that the inhibitor does not cause erection by acti-

vating NO-dependent vasorelaxation mechanisms. In

other studies of the RhoA/Rho-kinase signaling

pathway in the penis, methoxamine (α-AR agonist)

or ET-1, was injected into the cavernous sinuses

before, and again after, treatment with Y-27632

[121]. Both methoxamine and ET-1 strongly inhibi-

ted the erectile response by constricting the arterioles

and cavernous sinuses and thereby limiting blood

flow into the erectile tissue. However, when injected
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in combination with Y-27632, the vaso-constrictor

effects were prevented and erection occurred nor-

mally [121]. These whole animal studies suggest that

the RhoA/Rho-kinase pathway mediates both α-AR

and ET-1-mediated vasoconstriction in the penile cir-

culation. In in vitro studies from several laboratories,

strips of human, rabbit or rat cavernous tissue which

had been contracted with phenylephrine or ET-1,

were demonstrated to relax in a dose dependent

fashion in response to the addition of Y-27632 [ 113,

117, 119, 120].

Additional evidence supporting a critical role of the

RhoA/Rho-kinase pathway in the maintenance of

vasoconstriction in the cavernosal circulation has

recently been presented [122]. In these studies, an

adeno-associated viral gene was used to transfer a

dominant negative RhoA mutant to the cavernosal

smooth muscle cells of normal rats. The mutant form

of RhoA exchanges GDP for GTP, is geranylgerany-

lated and migrates to the cell membrane apparently

normally. However, the dominant negative form of

RhoA fails to activate Rho-kinase so that MLC phos-

phatase remains active to dephosphorylate MLC~P

and permit smooth muscle relaxation. Western ana-

lysis of penile proteins and immunohistochemistry

showed that following injection of the dominant

negative RhoA into the cavernosal sinuses of rats,

cavernosal smooth muscles became infected. In the

infected animals, the basal ICP was increased and the

erectile response to ganglionic stimulation was

strongly enhanced relative to the response in animals

infected with the adeno-viral vector only. Systemic

blood pressure was unaffected by the treatment. This

novel finding strongly supports the hypothesis that

the RhoA/Rho-kinase pathway is critically involved

in the maintenance of the penis in the non-erect state.

In addition, these studies point to the possibility that

genetic manipulation of RhoA mediated activation of

Rho-kinase could be developed as a potential mode

of ED treatment.  

It is clear that for erection to occur, Rho-kinase-

mediated vasoconstriction must be overridden by a

NO/cGMP/PKG dependent process. Prior studies

have shown that potent vaso-constrictor agents

(methoxamine, ET-1) have no effect when adminis-

tered directly into the cavernous sinuses of the rat

penis made erect by ganglionic stimulation or from

injection of a NO-donor drug [87, 97]. These fin-

dings can be interpreted to mean that NO, released

from penile nerves, endothelial cells, or from intra-

cavernous injection of NO or NO donors, activates

pathways which block the actions of vasoconstrictor

agents [123, 124]. Furthermore, the experiments sug-

gest that an important action of NO is to directly

inhibit RhoA activation or Rho-kinase-regulated

phosphorylation of MLC phosphatase. 

A review of the literature reveals that there is support

for a direct inhibitory effect of NO on the

RhoA/Rho-kinase pathway in other vascular beds.

The studies of Sauzeau et al showed that NO regula-

ted vasodilation resulted, in part, from the PKG-

dependent phosphorylation of RhoA [108]. The

phosphorylation of RhoA is thought to destabilize

membrane binding thereby preventing its activation.

In other studies of NO and Rho-kinase interactions,

rat aorta strips were contracted with phenylephrine

and found to readily relax in response to Y-27632

treatment. If, however, the tissue was first denuded

of endothelial cells to remove the primary source of

NO, the Y-27632-induced relaxation was reduced

[125]. However, the relaxing effect of Y-27632 was

fully restored when a NO-donor was added to the

endothelium-denuded tissues. Based on these stu-
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dies, the authors suggest that NO-mediated inhibi-

tion of RhoA/Rho-kinase is an integral part of vas-

cular smooth muscle relaxation. 

In animal studies, the erectile response to intracaver-

nous injection of an NO donor was measured imme-

diately before and immediately after administration

of a near-threshold dose of Y-27632 [126]. Y-27632

treatment significantly enhanced the NO-stimulated

rise in ICP even though there was virtually no mea-

surable response to the Y-27632 when given alone.

Furthermore, the response to the combination of the

NO-donor and Y-27632 was significantly greater that

the response to either drug alone or to the sum of the

responses to the two drugs when given separately.

These findings support the hypothesis that NO/

cGMP/PKG-dependent processes inhibit RhoA/Rho-

kinase signaling, and in doing so, reduce vasocons-

triction as a critical part of the normal erectile res-

ponse [113]. 

In addition to studies demonstrating that it mediates

the actions of several vasoconstrictors, there is also

the suggestion that the RhoA/Rho-kinase signaling

pathway may inhibit NO production [127, 128]. In

another vascular bed, Rho-kinase mediated phospho-

rylation of eNOS inhibits NO production by endo-

thelial cells [129, 130]. This action of Rho-kinase

would suppress the production of NO to keep the

arterioles constricted and limit blood inflow. 

Activity of the RhoA/Rho-kinase pathway has been

examined in the corpora cavernosa of animal models

of erectile dysfunction. In these studies, immunohis-

tochemical techniques were used to quantify changes

in RhoA and Rho-kinase proteins in penile tissue and

animals have been treated with Y-27632 to determi-

ne if suppression of Rho-kinase mediated vasocons-

triction reverses the impaired erectile function. In

some studies, cavernosal tissues were incubated in

vitro and the relaxation in responses to Y-27632 were

determined. Based on their studies, several investi-

gators have suggested that up-regulation of the

RhoA/Rho-kinase signaling pathway may be a signi-

ficant factor in the development of erectile dysfunc-

tion [113, 116, 118-120, 131-133].

The severe hypogonadal state following castration of

rats results in a marked suppression of the erectile

response; androgen replacement in the castrated ani-

mals fully restores the response [134-136]. Recently,

the role of the RhoA/Rho-kinase pathway in the

development of this castration-related erectile dys-

function has been investigated [137]. In these expe-

riments, western analysis of RhoA and Rho-kinase

protein in cavernosal tissue revealed a significant

upregulation of these proteins in castrated rats. Tes-

tosterone replacement in the castrated rats fully res-

tored the erectile response although it failed to fully

restore the quantity RhoA or Rho-kinase protein. A

single intracavernous injection of Y-27632 increased

the magnitude of the erectile response in castrated

rats to levels measured in intact control rats and tes-

tosterone-treated, castrated animals. Similarly, the in

vitro contractile response to the α-AR agonist, phe-

nylephrine, was markedly increased in the caverno-

sal tissue from the castrated rats and the response to

this α- adrenergic agonist was inhibited by Y-27632. 

The erectile response in two models of erectile dys-

function associated with hypertension has been

reported [138]. In both spontaneously hypertensive

rats which are also stroke prone (SHRSP), and rats

made hypertensive by removal of one kidney, deoxy-

corticosterone acetate (DOCA) treatment and saline

drinking water (DOCA-salt), MAP was increased to

180 - 200 mm Hg. In these severely hypertensive

animals, the erectile response to ganglionic stimula-

tion was sharply reduced. When animals in either

group received a single intracavernous injection of

Y-27632, the erectile response was significantly

improved and MAP was suppressed to near normal

levels. Western analysis of pathway proteins showed

an upregulation of both RhoA and Rho-kinase in

both SHRSP and DOCA-salt animals. Similar results

have been reported for spontaneously hypertensive

rats (SHR) [131]. Interestingly, treatment of SHRSP

rats with the ACE inhibitor, captopril, improved the

erectile response and reduced MAP [139]. The effect

of captopril on the RhoA/Rho-kinase signaling path-

way was not determined.

Recently published results support a significant role

for the RhoA/Rho-kinase pathway in the erectile

dysfunction associated with diabetes in rabbits [116]

In vitro, corpus cavernosum tissue from these ani-

mals showed increased expression of both ETA and

ETA receptors and showed increased sensitivity to

the contractile effects of ET-1. The ET-1 induced

contractions were completely prevented by treatment

of the tissues with Y-27632 suggesting that the ET-1

effect was mediated by the RhoA/Rho-kinase path-

way. Furthermore, western analysis of cavernosal tis-

sue showed that the α isoform of Rho-kinase was

unaffected whereas the β form was significantly up-

regulated in diabetic tissues. Based on their findings,

these authors suggested that increased sensitivity to

ET-1 in the diabetic model is mediated by Rho-kina-

se and this could account for the impaired erectile
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function in this disease. Very recently, gene transfer

was used to show that inhibition of Rho-kinase acti-

vation was effective in reversing the impaired erec-

tion in diabetic rats [133]. These investigators infec-

ted cavernosal tissue with the dominant negative

form of RhoA in diabetic rats and showed that in the

infected animals, the erectile response was fully res-

tored to normal levels while MAP remained unaffec-

ted. The authors suggest that inhibition of

RhoA/Rho-kinase signaling may provide a potential

gene target for the treatment of diabetes related ED. 

The relationship between benign prostatic hypertro-

phy (BPH) and the erectile dysfunction has been

investigated using a rabbit BPH model in which the

bladder outlet was partially obstructed [132]. Isola-

ted corpus cavernosum from these animals exhibited

a greater phenylephrine-induced contraction in vitro

than cavernosal tissue from control animals. Further-

more, when Y-27632 was added to the incubation,

the tissue from the partially obstructed rabbits

relaxed less suggesting higher Rho-kinase activity.

Immunofluorescence indicated that both the α and β

forms of Rho-kinase were over-expressed in penile

tissue with bladder neck obstruction. These results

support the hypothesis that up-regulation of the

RhoA/Rho-kinase pathway contributes to the ED

associated with BPH.

A major problem in the development of treatments

for ED is hypotension. In the rat model, injection of

Y-27632 over the dose range of 2 - 200 nmol/kg, fai-

led to cause any significant change in MAP even

though the treatment increased ICP in a dose depen-

dent fashion. However, at the maximum dose of 400

nmol/kg, ICP was not increased further but arterial

blood pressure was significantly reduced [113, 121].

When dissolved in DMSO and applied topically to

the rat penis, Y-27632 increased ICP, although about

70-fold more drug was required compared to the res-

ponse to intracavernous injection of the inhibitor.

Topical application of high doses of Y-27632 had a

significant hypotensive effect although there are

large blood vessels close to the skin surface in the rat

penis and this may contribute to systemic effects of

the drug [140].

At this stage of investigation, it is not possible to pre-

dict whether or not inhibitors of Rho-kinase or drugs

which interfere with the activation of RhoA will be

of value in the future treatment of erectile dysfunc-

tion. This strategy for the treatment of ED would

have several advantages: 

1. Since the RhoA/Rho-kinase pathway appears to

mediate vasoconstriction stimulated by α-adre-

nergic agonists, endothelin-1 and other agents, a

Rho-kinase inhibitor would be effective in ED

resulting from a wide range of etiologies. 

2. Based on animal models, evidence suggests that

the up-regulation of the pathway may be present

in several ED-related diseases including diabetes,

hypertension, hypogonadism and bladder neck

obstruction. 

3. Inhibition of RhoA/Rho-kinase mediated vaso-

constriction results in erection via pathways

which are independent of NO/cGMP/PKG path-

ways so concurrent nitrate containing drug use

would not be contraindicated. 

4. While Y-27632 is active when injected or applied

topically, the effects of oral administration of the

Rho-kinase inhibitor to induce erection has not

been reported. Oral administration was reported

to be effective in lowering systemic blood pres-

sure in SHR rats, however [141].

While Rho-kinase inhibitors such as Y-27632 may

have future value as treatments for ED, the proteins

that regulate the activation of RhoA may represent

the more attractive target for controlling vaso-

constriction in the penis. GDI and GAP proteins act

to suppress the RhoA activation by binding to RhoA

and by increasing GTPase activity (see Figure 9). It

may be possible to suppress the activity of these pro-

teins with antibodies, specific drugs or alterations of

their genetic expression. The more likely targets for

intervention in the RhoA activation mechanism are

the guanine nucleotide exchange factors (GEF).

These factors enhance the dissociation of the GDP

bound to RhoA and thereby promote the replacement

of GDP by GTP, a critical step in the activation of

RhoA. GEF activity may be under the control of

several signaling pathways including phosphatityli-

nositol kinases, other protein kinases or simple dime-

rization [142]. Of potential interest in this discussion

of the NO-mediated erectile response are the reports

that RhoA activity is also under the regulatory

control of G proteins [143, 144].

Potential problems, which could limit the develop-

ment of inhibitors of RhoA activation and/or Rho-

kinase activity as a treatment for erectile dysfunc-

tion, stem from the wide cellular distribution of this

pathway. This distribution makes it difficult to target

RhoA and/or Rho-kinase activity in the corpus caver-

nosum without effecting activity in other vascular

tissues. The finding that Rho-kinase exists in two

isoforms (α and β) raises the possibility that other
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isoforms exist, which are specific to vascular beds

such as the penile vessels. If this is the case, specific

drugs could be designed which target penile tissue

without adverse effects elsewhere. Similarly, penis

specific isoforms of RhoA may exist. 

Many endogenous vasodilators have been shown to

have relaxant effects on isolated CC and penile vas-

cular preparations preparations, and some of them

have been shown to be clinically efficacious. Howe-

ver, their role in normal erection and in the patho-

physiology of ED has not been established [1, 12].

The main relaxant pathway is the L-arginine/ NO/

guanylyl cyclase pathway. Synthesis of NO and the

consequences of NO binding to sCG are essential for

the erectile process and there are several steps in the

pathways after sGC that may change in ED. The

endothelium and/or the nerves innervating the CC

may be the source of NO, and thus, more than one

isoform of NOS can be involved. Both neuronal

NOS (nNOS) and endothelial NOS (eNOS) are acti-

vated by calcium entry into the cell, binding to cal-

modulin associated with the enzymes. Whereas phy-

siologic penile erection lasts several minutes, the cal-

cium-dependent activation of nNOS or eNOS is tran-

sient.

Several groups have shown that the phosphatidylino-

sitol 3 kinase (PI3 kinase) pathway that activates the

serine-threonine protein kinase Akt (also known as

PKB) causes direct phosphorylation of eNOS, redu-

cing the enzyme’s calcium requirement and causing

increased production of NO [145-147]. This pathway

is responsible for both shear stress and growth factor

enhancement of blood flow that can last for hours

[148-150].

As mentioned previously, NO can be formed by both

nNOS and eNOS in penile erectile tissues. eNOS is

activated by viscous drag or shear stress in blood

vessels to produce NO continuously, a process

mediated by the PI3 kinase/Akt pathway. Hurt et al.

showed that PI3 kinase/Akt physiologically mediates

erection [151]. Both electrical stimulation of the

cavernous nerve and direct intracavernosal injection

of papaverine caused rapid increases in phosphoryla-

ted (activated) Akt and eNOS. Phosphorylation was

diminished by wortmannin and LY294002, inhibi-

tors of PI3 kinase, the upstream activator of Akt. The

two drugs also reduced erection. Penile erection eli-

cited by papaverine was reduced profoundly in mice

with targeted deletion of eNOS. The findings of Hurt

et al. support a model in which rapid, brief activation

of nNOS initiates the erectile process, whereas PI3

kinase/Akt–dependent phosphorylation and activa-

tion of eNOS lead to sustained NO production and

maximal erection [151]. Consistent with this model,

penile production of NO after electrical stimulation

persists much longer than the duration of the stimu-

lus. 

It has been well demonstrated that NOS abnormali-

ties may play a role in ED associated with, for

example, aging and diabetes, conditions for which

Cartledge et al. demonstrated in the rat impaired NO-

mediated relaxation [152]. Garban et al. found that

the soluble NOS activity decreased significantly in

penile tissue from senescent rats [153]. Lower NOS

messenger RNA expression was found in old than in

young rats [154]. In another rat model of aging, the

number of NOS-containing nerve fibers in the penis

decreased significantly, and the erectile response to

both central and peripheral stimulation decreased

[155]. In the aging rabbit, endothelium-dependent

CC relaxation was attenuated; however, eNOS was

up-regulated in both vascular endothelium and cor-

poral smooth muscle [156]. 

ED in diabetes may be associated with peripheral

nerve damage but may involve diminished endothe-

lial production of NO as well [157]. Cellek et al.

demonstrated in rats with experimental (streptozoto-

cin-induced) diabetes a selective degeneration of

nitrergic nerves [158]. This was suggested to be due

to NO, since inhibition of NOS was shown to be neu-

roprotective. Escrig et al. suggested that the diabetes-

induced reduction in corporeal NO levels could be

mainly due to the lack of some essential cofactors for

NOS activity rather than to changes in the amount of

enzyme proteins [159].

Penile NOS activity and penile NOS content were

reduced in rat models of both type I and type II dia-

betes with ED [160]. However, in streptozotocin-

induced diabetic rats, NOS binding increased,[161]

and NOS activity in penile tissue was significantly

higher than in controls, despite a significant degra-

dation of mating behavior and indications of defecti-

ve erectile potency [162].

In isolated CC from diabetic patients with ED, both

neurogenic relaxation and endothelium-dependent

relaxation were impaired [163]. In humans, the dia-

betic ED was suggested to be related to the effects of

advanced glycation end products on NO formation

[164]. This was also found in rats [152]. Cartledge et

V. NO, GUANYLYL CYCLASES, AND

THE cGMP PATHWAY
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al. found in rats that glycosylated human hemoglobin

impaired CC smooth muscle relaxation by genera-

tion of superoxide anions and extracellular inactiva-

tion of NO [165]. Hyperglycemia decreases NO pro-

duction by eNOS via O-linked glycosylation of

eNOS at the Akt target S1177 in hyperglycemic cell

culture conditions and in animal models of diabetes

[166].

The guanylyl cyclases (GCs), comprising both mem-

brane bound (particulate) and soluble isoforms, are

expressed in nearly all cell types [167]. However, in

the penis, soluble sGC is probably the most impor-

tant receptor for NO as a signalling molecule. The

enzyme consists of two different subunits, and

contains a prosthetic heme group that mediates up to

400-fold activation by NO. Even if NO seems to be

the most effective stimulator of sGC, there are other

ways of stimulating the enzyme.

The benzylindazolderivate 3(5´-hydroxymethy-2´-

furyl-benzyl indazol (YC-1), which binds to an allos-

teric site on the enzyme (Figure 13), was shown to

produce a direct activation of sGC by increasing the

affinity for GTP and increasing the maximal enzyme

activity, leading to increased cGMP levels in smooth

muscle cells [168]. Moreover, YC-1 caused a large

activation in the presence of the NO donor, sodium

nitroprusside, which lead to a remarkable 2200-fold

stimulation of the human recombinant sGC [169]. In

addition YC-1 enhances the sGC stimulating effect

of CO (31-34- fold above CO alone [170]. Besides

NO, YC-1 represents the first drug activating sGC in

a biological environment. In addition, YC-1 seems to

be able to stimulate NO-synthesis and release,[171]

and to inhibit cGMP hydrolysing phosphodieste-

rases,[172] enhancing the overall effect of cGMP. 

YC-1 caused concentration-dependent relaxant res-

ponses in NA-contracted rat corpus cavernosum pre-

parations, and enhanced responses to electrical field

stimulation. YC-1 also enhanced the relaxant respon-

se induced by carbachol. In vivo, YC-1 elicited not

only dose-dependent erectile responses when admi-

nistered intracavernously, but also increased the

effects on intracavernous pressure produced by sti-

mulation of the cavernous nerve [173]. In addition, it

enhanced the effects of subthreshold doses of apo-

morphine (Figure 14).

YC-1 and other non-NO dependent sGC stimulators

represent an interesting pharmacological principle

that may be useful for treating erectile dysfunction,

given alone or in combination with eg, a PDE 5 inhi-

bitor or a centrally acting agent, particularly in

patients lacking NO [174].

Kim et al. demonstrated production of cGMP by par-

ticulate GC in the corpus cavernosum membranes of

rabbit and rat stimulated by C-type natriuretic pepti-

de 1-22 CNP), atrial natriuretic peptide 1-28 (ANP)

and brain natriuretic peptide 1-26 [175]. In addition,

CNP, but not ANP relaxed precontracted isolated

preparations of rabbit corpus cavernosum. Kuthe et

al. demonstrated mRNA transcripts encoding for

guanylyl cyclase-B, a receptor of the peptide hormo-

ne C-type natriuretic polypeptide, in human corpus

cavernosum [176]. This finding was verified at the

protein level by immunohistochemistry that demons-

trated guanylyl cyclase B in corpus cavernosum and

helical artery smooth muscle cells. They further sho-

wed that C-type natriuretic polypeptide increased

intracellular cGMP. In organ bath studies with cor-

pus cavernosum muscle strips C-type natriuretic

polypeptide caused relaxation Kuthe et al. suggested

a role for C-type natriuretic polypeptide and its

receptor in the induction of penile erection and its

possible future therapeutic use for erectile dysfunc-

tion [176].

It seems that a main cause of diabetic ED may be that

reduced NOS activity, and a reduced production of

NO, cannot compensate for an increased contractile

effect of, for example, noradrenaline and ET-1,

mediated via an up-regulation of the Rho kinase

584

Figure 13 : YC-1 interaction with soluble guanylyl cyclase.

Nitric oxide  (NO) and YC-1 bind to different sites in the

enzyme. 



pathway. NO generated from nerves and/or endothe-

lium stimulates sGC, with a resulting increase in

cGMP levels. CGM, in turn, signals via three main

receptors in eukaryotic cells: ion channels, phospho-

diesterases, and protein kinases [167]. At present,

however, the molecular targets, which are activated

by cGMP and finally execute the relaxation of peni-

le smooth muscle, are only partly known. Mills et al.

suggested that NO exerts two distinct and specific

actions, both mediated by cGMP-dependent protein

kinase (PKG or cGK I) [177] cGK I may reduce cal-

cium by inhibiting membrane and sarcoplasmatic

reticular Ca2+ channels. Ammendola et al. showed

that a regulatory protein associated with the IP3-

receptor (inositol 1,4,5-trisphosphate receptor–asso-

ciated cGMP kinase substrate, IRAG) is phosphory-

lated by cGK I [178]. This will lead to a decreased

IP3-induced calcium release. If this occurs in the CC,

the consequent decrease in [Ca2+](i) will result in a

decline in MCL kinase activity, reduced levels of

phosphorylated MLC, and decreased contraction of

the CC smooth muscle. cGK I may also reduce Rho

kinase activity and thus prevent the suppression in

MLC phosphatase activity.

Inactivation of cGK I in mice [179]resulted in a low

ability to reproduce. CC tissue from these mice has

an inability or markedly reduced ability to relax in

response to neuronally or endothelially released or

exogenously administered NO [180]. The expression

of cGK I in penile tissue from cGK I+/+ mice, as

revealed by immunohistochemical analysis, was

confined to the smooth muscle of the walls of the

central and helicine arteries and to the smooth

muscle of the trabecular septa surrounding the caver-

nous spaces. This is in line with its presumed role in

the erectile events. 

Analysis of the NO/cGMP–induced relaxation clear-

ly showed that cGK I is the major mediator of the

cGMP signaling cascade in CC tissue. Its absence

cannot be compensated for by the cyclic adenosine

monophosphate signaling cascade that relaxes nor-

mal and cGK I–null penile erectile tissue to a similar

extent. Taken together, these findings suggest that

activation of cGK I is a key step in the signal casca-

de leading to penile erection. The expression of cGK

I was examined in CC specimens from patients with

and without ED [181]. In all specimens of caverno-

sal tissue, a distinct immunoreactivity was observed

in different parts and structures, with a high expres-

sion in smooth muscle cells of vessels and in the

fibromuscular stroma. No clear immunoreactivity

against cGK I was found in the endothelium. There

was no distinct difference in immunoreactivity and

cellular distribution between potent and ED patients.

This does not exclude that dysfunction of cGK I can

be a cause of ED in humans. cGK I occurs in two iso-

forms, I-α and I-β. cGK I-α is the physiologically

more active isoform, which decreases the noradrena-

line-stimulated cytosolic Ca2+ level [182]. In

alloxan diabetic rabbit CC smooth muscle, the
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expression of the cGK I-α isoform was significantly

reduced [183]. This is an important finding demons-

trating that changes in the pathway downstream of

cGMP can contribute to ED. It also implies that fur-

ther targets for future treatments can be defined. 

The use of phosphodiesterase (PDE) inhibition to

treat erectile dysfunction (ED) has been proven as

effective therapy. It is a misconception that the use of

PDE inhibitors to treat ED is new. The Chinese her-

bal medicine, Yin Yang Huo (Epimedii herba), has

been used to treat sexual disorders for over a thou-

sand years. One ingredient of this herbal remedy is

the weak PDE 5 inhibitor Icarrin [184]. Since the

1980s, intracavernous administration of the PDE

inhibitor, papaverine, has been used to treat ED.

Experimentally, manipulation of PDEs relaxes

human and animal cavernous smooth muscle. Howe-

ver clinical interest in PDE inhibitors to treat ED

rose dramatically following the approval of the PDE

5 inhibitor, sildenafil, in March of 1998 in the United

States. With worldwide sales exceeding $1.5 billion

in 2001, for a disorder that less than 10% of men

seek medical attention, the potential market for PDE

inhibitors is enormous [185, 186]. Improvements in

efficacy and reductions in side effects are highly

likely by exploiting recent data concerning isofoms,

splice variants, structure/function medicinal chemis-

try, tissue distribution, and cyclic nucleotide cross

talk. Recent discoveries and combination therapies

using other classes of drugs acting through different

mechanisms, suggests the full potential for therapies

based on PDEs has yet to be realized.

Phosphodiesterases are intracellular enzymes that

catalyze the breakdown of cAMP and cGMP [187,

188]. These cyclic nucleotides are ubiquitous and

occur in many diverse tissues including nerves and

all smooth muscles. However the distribution of iso-

forms and splice variants allow relative tissue speci-

ficity for agents targeted at PDEs [184]. In the

human genitourinary tract, penis, clitoris, bladder,

prostate, vas deferens contain PDEs. In smooth

muscle PDEs regulate contractility. Neurotransmit-

ters released by autonomic nerves in the penis can

raise either cAMP or cGMP that are subsequently

hydrolyzed by PDEs. For example, vasoactive intes-

tinal polypeptide (VIP), calcitonin gene related pep-

tide (CGRP) and pituitary adenylate cyclase

(PACAP) raise cAMP, while nitric oxide (NO) ele-

vates cGMP[189] via adenylate cyclase and sGC res-

pectively. Recent discovery of membrane bound

guanylate cyclase linked to the C-type natriuretic

polypeptide in the human CCSM presents alternative

ligand targets that can be manipulated and combined

with PDE inhibition [176]. 

Specific PDEs hydrolyze cAMP, cGMP or both

nucleotides [184] PDEs 4, 7 and 8 are specific for

cAMP (Table 1). PDEs 5, 6, and 7 are specific for

cGMP. However, PDEs 1, 2, 3, 10 and 11 are non-

selective. cGMP specificity is confirmed by the more

hydrophobic amino acids at the binding site. 

The human genome contains 21 genes that encode

for 11 PDE proteins [184, 186] PDEs 2, 5, 9,10, and

11 are encoded by one gene. In contrast, multiple

genes encode for PDEs 1, 3, 4, 6, 7 and 8. Adding to

this complexity, multiple splice variants exist for

each PDE. These PDE splice variants vary in diffe-

rent tissues. This tissue specificity for splice variants

may allow the design more tissue selective PDE inhi-

bitors. 

Thirteen PDE mRNAs are expressed in the human

CCSM. In the human penis, PDEs 1, 3, 4 and 5 are

of primary interest because of their known ability to

influence contractility of CCSM. Pharmacological

data must be obtained using human CCSM tissue

because of significant species differences in PDE

expression. For example, PDE 3-4 is found in grea-

ter quantities in the human than rabbit CCSM. This

explains preclinical data demonstrating that the PDE

3 inhibitor milrinone relaxes contracted human, but

not rabbit CCSM. Despite known tissue and species

differences in PDE expression, further analysis is

needed to optimize drug development. 

In 1980, PDE 5 was purified by Francis and cowor-

kers. Yet it wasn’t until 1993 that the gene for PDE 5

was cloned by McAllister-Lucas and colleagues.

PDE 5 is a 200 kD homodimer possessing two allos-

teric binding sites for cGMP [190]. One site is found

at the amino terminal. The other binding site for

cGMP resides at the conserved zinc finger-binding

motif. Current PDE 5 inhibitors compete with cGMP

for binding at the catalytic site. Both PKA and PKG

phosphorylate PDE 5 to enhance binding activity.

Transmitters or drugs that repeatedly activate either

the guanylate cyclase or adenylate cyclase may up-

regulate PDE 5 in CCSM. Recent unpublished work

suggests that relatively high concentrations of PDE 5

inhibitors, exceeding therapeutic serum levels, may

reduce PDE 5 expression.

PDE 5 exists as three isoforms- PDE 5A1, PDE5A2

VI. PHOSPHODIESTERASES
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and PDE A3 (Lin et al., 2003). The A3 isoform is res-

tricted to smooth muscle. The specificity of sildena-

fil for PDE 5A3 isoform is equivalent to A2 isoform,

but exceeds that for the A1 isoform. Drugs more

selective for the PDE 5 A3 isoform may possess

greater selectivity for the CCSM thereby reducing

side effects, such as flushing, headache or backache. 

Sildenafil is the first PDE 5 inhibitor approved for

the treatment of ED that possesses efficacy, safety,

reliability and minimal side effects [191]. Two new

PDE 5 inhibitors, tadalafil and vardenafil, are recent-

ly approved for clinical use in the United States [185,

191]. Sildenafil and vardenafil are more similar in

structure to cGMP than taldalafil. Phase 3 clinical

trials for tadalafil and vardenafil demonstrate com-

parable efficacy to sildenafil [185]. Other PDE 5

inhibitors in preclinical trials include UK 369993

(Pfizer), TA 1790 (Vivus/Tanaka), DA 8159 (Dong

A), and E 8010/4010 (Eisai) [186]. It is important to

understand that until randomized, prospective, com-

parator trials are performed, it is difficult to compare

efficacy and side effects for the same class of drug.

Moreover, differences in specificity and pharmacoki-

netics do not universally translate into improved effi-

cacy or reduced side effects. Indeed, side effects and

efficacy appear to be similar for these three PDE

inhibitors, despite differences in selectivity and

potency for PDE 5. Selectivity for antagonists is

often expressed as a ratio of EC50s. The EC50 of a

compound is that concentration that inhibits activity

by 50%. The IC50 of a drug may vary depending on

the tissue source for the PDE 5 protein as well as its

purity. Potency is an in vitro measure of a drug

concentration that exerts an action. Neither selectivi-

ty nor potency is direct measures of clinical efficacy.

It is also possible that a PDE 5 inhibitor exerts non-
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PDE effects that influence smooth muscle efficacy

for ED. For example, sildenafil at high concentra-

tions in vitro inhibits L-type Ca+2 channels and

opens KATP channels in CCSM [192]. These actions

may theoretically augment CCSM relaxation,

although contribute to non-selectivity. 

Because NO is involved in other physiological pro-

cesses besides penile erection, and PDE 5 expression

is not limited to the CCSM, the use of PDE 5 inhibi-

tors may be expanded to include disorders that may

benefit from elevations in intracellular cGMP, such

as cystic fibrosis, achalasia, pulmonary hypertension

and cerebral ischemia.

The structural complexity of the PDE family, the

ubiquitous presence of PDEs and the potential for

crosstalk between PDE signal transduction pathways

represent major challenges for drug design and

usage. Many PDE inhibitors fail to progress through

clinical trials due to unwanted overlapping enzyma-

tic activities, PDE tissue distribution and drug sensi-

tivity. Non-selectivity may result in unwanted side

effects.

Preclinical data exists for a variety of PDE 5 inhibi-

tors. FR 226807 (Fujisawa) is a selective PD5 inhi-

bitor. T-1032 (Tanabe) is structurally similar to silde-

nafil with greater potency [192]. KF 31327 is a non-

competitive PDE 5 inhibitor with some selectivity

for PDE 3. Other sildenafil analogues (SK Chemical)

have increased potency but decreased sensitivity for

PDE 5. Differences in tissue distribution, isoform

specificity, enzymatic activity, and drug sensitivity

among these and other agents present the potential

for either enhanced efficacy or a better therapeutic

index. However, it is possible isoform specific drug

design cannot be achieved. In this regard, molecular

approaches to block PDE 5 isoforms include antisen-

se deoxyoligonucleotides that bind the mRNA for the

specific isoform cells. CCSM could be induced to

generate endogenous RNA fragments called interfe-

rence RNA to block mRNA translation of the PDE

protein. Third generation PDE 5 inhibitors may pos-

sess regenerative or prophylactic capability and

allow local application. 

Some side effects of sildenafil are attributed to lack

of selectivity for PDE 5 over other PDEs at thera-

peutic serum concentrations. Changes in color vision

have been attributed to an action at PDE 6. Bac-

kache, headaches or flushing has been postulated to

be due to an action at PDE 1 found in blood or PDE

5 in non-penile tissues [186]. Because inhibition of

PDE 3 in humans CCSM leads to augmented relaxa-

tion, PDE 3 inhibitors represent potentially useful

drug for ED. However, one limitation of agents that

inhibit PDE 3 is the effect of cAMP on myocardial

contractility and vascular tone. Thus, cardiovascular

side effects limit the introduction of drugs that target

PDE 1 or PDE 3. Some of these worries may be miti-

gated by isoform or splice variant specific com-

pounds specific for penis. Alternatively, local admi-

nistration may be attempted. Another strategy is to

use combination therapy to lower the dosage of

PDEs 1, 3, and 4 inhibitors.

Combination drug strategies for ED can be based on

1) pharmacology, 2) site of action, 3) side effects,

and 4) route of administration. Targeting the CNS

and CCSM enhances two physiologic sites involved

in penile erections. This approach may also be reaso-

nable if ED results from several stimuli deficits.  In

experimental models, the action of the dopamine

agonist, apomorphine, is enhanced by sildenafil [35].

The apomorphine/sildenafil regimen combines diffe-

rent mechanisms, sites of action, routes of adminis-

tration, and some differing side effects (e.g. nausea).

Nevertheless, common side effects of flushing,

hypotension or headache suggests that this particular

combination may possess serious risks.  

Drugs that selectively increase cAMP or cGMP or

non-selectively increase both cyclic nucleotides

relax CCSM. Upstream and downstream targeting

one cyclic nucleotide signaling pathway is feasible

and provides tremendous flexibility. An agent that

increases selective cGMP plus the substrate for gua-

nylate cyclase, such as an NO donor or enhancer of

GTP binding has been examined experimentally

[174]. Sildenafil nitrate provides NO plus inhibiting

PDE 5 and is undergoing clinical evaluation. 

Significant crosstalk occurs in smooth muscle bet-

ween signal transduction pathways for cAMP and

cGMP. Interactions between cyclic nucleotide path-

ways may produce potential synergies. In vitro high

concentrations of cAMP can inhibit PDE 5 [193].

Conversely, high concentrations of cGMP can inhibit

PDE 3 [193]. Thus, maximal stimulation of either

pathway, although not directly activating the other,

could amplify the response when the corresponding

pathway is turned on. Intracavernous papaverine

inhibits several PDEs to achieve erection. Whereas,

intracavernous prostaglandin E1 (PGE 1) activates

adenylate cyclase to raise cAMP. High local concen-

trations of cAMP are capable of triggering a rise in

cGMP through inhibition of PDE 5. At high doses

the PDE 5 inhibitor, sildenafil, raises cAMP in cultu-

red human corpus cavernosum smooth muscle
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(CCSM) presumably by cGMP inhibition of PDE 3

[194]. During normal penile erection, NO acting

through cGMP and PKG relaxes CCSM. Other neu-

rotransmitters such as VIP may simultaneously raise

cAMP [12]. A strategy to locally elevate intracellular

levels of both cyclic nucleotides in human CCSM

using one or more PDE inhibitors may be useful to

treat ED without producing dose limiting side

effects. 

PDE 3, 4 and 5 inhibitors administered as single

agents intracavernously cause a modest increase in

intracavernous pressure (ICP) in cats [112, 193].

Unfortunately, the rise in intracavernous pressure is

less than that observed with intracavernous trimix

(PGE1, phentolamine, papaverine). This latter com-

bination works through 3 different mechanisms: 1)

activation of adenylate cyclase, 2) nonspecific bloc-

kade of phosphodiesterases, and 3) antagonism of α−

ARs. By comparison, the ICP response to the combi-

ned activation of guanylate cyclase using an NO

donor plus a PDE 5 inhibitor remains below that

achieved with the combination of a PDE 5 inhibitor

and activation of adenylate cyclase. It is tempting to

speculate that combined activation of both cAMP

and cGMP pathways with inhibition of their respec-

tive PDEs achieve greater enhancement of erectile

function than activation of either pathway alone or

activation of either pathway plus blockade of the cor-

responding PDE inhibitor. 

Cyclic nucleotides may also influence other mecha-

nisms involved in erectile function. For example,

cAMP dampens the action of norepinephrine at α1-

AR. cAMP acting within noradrenergic nerve termi-

nals can reduce the release of NE. In addition, chro-

nic elevation in cytosolic cAMP in rabbit CCSM

upregulates nitric oxide synthase (NOS). This

implies that even monotherapy if given chronically

may trigger other long-term processes leading to sus-

tained improvements in erectile function. These

concepts also highlight the difficulty comprehending

the precise mechanisms involved in combination

drug therapy or predicting adverse events.

Clinical experience has revealed that patients who

fail to respond to an agent that inhibits PDE 5 may

benefit from the addition of agents that raise cAMP.

This suggest combination PDE 5/3 inhibitors may be

useful. Local administration of the drugs that raise

cAMP avoids cardiovascular side effects. For

example, men who fail to achieve full rigidity with

the PDE 5 inhibitor, sildenafil, often obtain better

erections with intracavernous injections (ICI) of the

adenylate cyclase activator, prostaglandin E1

(alprostadil or PGE1) [195].Shabsigh et al. found

that 90% of men with suboptimal responses to silde-

nafil achieved further improvement in erection with

alprostadil [196]. Conversely, 15-20% of ICI PGE1
failures may still respond to sildenafil [197-198]. In

a study of diabetic men with ED, 39% on ICI PGE1
responded to sildenafil [183]. Another strategy is to

provide the cAMP system with ICI then try PDE

inhibitors.    

In a small, complex clinical trial Lammers et al. per-

formed a 4-way crossover study of 4 oral agents: pla-

cebo, sildenafil, papaverine and phentolamine [200].

Although no differences between groups were statis-

tically significant when using the sexual encounter

profile (SEP), visual analog scale of erection, or a

global efficacy questionnaire, several issues remain.

First, the study was woefully underpowered to detect

subtle differences (e.g. 10-20%) between groups.

Even placebo and sildenafil were no different.

Second, papaverine is essentially not absorbed by the

gastrointestinal tract. This study highlights the pro-

found need to perform a large multi-institutional trial

of combination therapy for ED. 

Besides cost, there are serious concerns about the use

of combination therapy for ED. As with the original

phentolamine/papaverine mixture for intracavernous

therapy, priapism is possible. Several reports of pria-

pism have been associated with sildenafil combined

with ICI, PGE1, or an oral erectogenic agent such as

trazodone [201, 202]. Although priapism from silde-

nafil alone is exceedingly rare, in combination with

other drugs this morbidity appears to increase.

Because many of the agents used to treat ED relax an

array of smooth muscle, including vascular smooth

muscle, hypotension, and gastroesophageal reflux

may occur following use of drug combinations.

Cyclic nucleotides also influence cardiac function,

raising the specter of arrhythmias or altered cardiac

function with certain combinations. Related issues

such as whether sequential or combination

approaches reduce the likelihood of tachyphylaxis

needs to be examined. Similarly, little is known

about the chronic effects of persistent elevations in

NO or cyclic nucleotides on the function of CCSM.

Loss of effectiveness of combination intracavernous

therapies has been usually attributed to progression

of disease. Yet the theoretical concern remains that

persistent activation of certain signal transduction

pathways could lead to tachyphylaxis [203, 204].

Preliminary reports of patient failures with single

agents for ED being rescued with combination thera-
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pies are receiving increased scrutiny. These reports

must be viewed with some degree of skepticism

because of the lack of randomized drug-comparator

trials with sufficient patient numbers. Further, in

designing such studies it is difficult to control for a

placebo effect when two routes of administration or

two agents with very different side effects are used.

Patients who fail an oral PDE 5 inhibitor, but are not

enthusiastic about more invasive therapies, represent

a therapeutic challenge. Preliminary reports suggest

that combining strategies drugs able to raise both

cAMP and cGMP may salvage patients refractory to

sildenafil in the treatment of ED.  It remains unk-

nown whether PDE 1, 3, and 4 inhibitors alone or

combined with PDE 5 inhibitor will lead to increased

efficacy without serious side effects, such priapism,

hypotension or cardiac effects. Prospective and ran-

domized clinical trials are needed with adequate

patient numbers to ascertain the true benefits and

possible morbidities of combination strategies.

The future of clinical therapeutics for erectile dys-

function will be developed predictably along several

biological levels associated with the structural and

functional characteristics of the penis. Conceivable

therapeutic “targets” range across tissular, cellular

and molecular levels, and progress made in each of

these areas in recent years suggests that multiple

treatment options for erectile dysfunction will ensue

in the short time to come. Such prospects include

cellular protection and regeneration, growth factor

interventions, neurovascular reconstruction, erectile

tissue engineering, and gene therapy.    

Treatment possibilities on the cellular level are

consistent with the homeostatic, proliferative and

regulatory properties of the penis. It is axiomatic to

mention that the biological integrity and function of

cellular components of the penis fundamentally

relates to the preservation of erectile responses. Fur-

ther, objectives to preserve and revitalize nerves,

endothelium and smooth muscle can be readily pre-

sumed to translate into new avenues for treatment of

erectile dysfunction. 

Concepts of tissue reconstitution applied to erectile

dysfunction are based on the recognition that a num-

ber of disease processes and assorted trauma of the

pelvis and genitalia bring about such destructive

effects on the cells and tissues of structures relevant

to the function of the penis that reversal or correction

with medical therapies is unfeasible. Tissue grafting,

cell transplantation, materials science and bioengi-

neering are receiving attention as innovative

approaches to restore erectile function in these cir-

cumstances. 

Considerations for somatic gene therapy have arisen

primarily from the idea that genes or sets of

genes/gene products can be targeted and altered

according to their expression or function to preserve

erectile potency. The implication is that techniques

can be directed toward particular molecular altera-

tions identified to be associated with erectile impair-

ment or otherwise the strategy can be applied nons-

pecifically with gene products that nonetheless yield

erectile improvement.   

Neurogenic origins represent a leading categorical

cause of erectile dysfunction, including diverse neu-

rological disorders and even iatrogenic conditions

relating to genitourinary and pelvic surgeries. One

strategy to address neurogenic erectile dysfunction is

based on neurogenesis, the developmental biology

process that refers to the growth and regeneration of

neurons in organ systems. 

In the penis, therapeutic neurogenesis has been

explored with the premise that nerve development is

required for preserving neural functions that govern

the erectile response and for opposing mechanisms

involved in programmed neuronal cell death within

the organ. In experimental rat models of cavernous

nerve grafting, the neurotrophins nerve growth factor

(NGF) and acidic fibroblast growth factor (FGF)

enhance nerve recovery in the penis and electrophy-

siologically induced erectile responses [205, 206].

Assorted growth factors have been localized in rat

corporal tissue and associated with neurite outgrow-

th–promoting activity including basic FGF  [207]

and insulin-like growth factor-1 and transforming

growth factor ? [208] Atypical growth factors that

have shown neurotrophic effects on the penis inclu-

de growth hormone, [209] the glial cell line derived

factor neurturin, [210] immunophilin ligands, [211]

the neuronally derived signaling molecule Sonic

hedgehog protein,  [212] and even vascular endothe-

lial growth factor (VEGF) [213]. Since the metabo-

lic environment may also influence neuroprotection

in the penis, consideration may be given to promo-

ting the action of key endogenous nutrients and inso-
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luble extracellular matrix molecules such as laminin,

fibronectin and some forms of collagen that are asso-

ciated with nerve growth and regeneration [214].

Biochemical processes involved in nerve protein

modifications after injury could also be exploited for

promoting nerve-mediated function.  [215]. 

These descriptions indicate that a number of possibi-

lities may serve as effective targets for neurobiologic

interventions in the penis. It is worth emphasizing

that this therapeutic direction offers a corrective

approach to the problem of erectile dysfunction rela-

ted to a neuronal defect, with the intent to restore

naturalness and normalcy of sexual function. Key

issues are whether therapies related to this field can

be administered without causing untoward prolifera-

tive effects on structures elsewhere in the body. A

controlled manner of their effects on nerve growth is

also essential. 

Cardiovascular disorders including hypercholestero-

lemia-induced vascular disease and atherosclerosis

have been associated with erectile dysfunction with

the implication that endothelial dysfunction is the

key pathogenic factor underlying these clinical

manifestations. The relevance of the vascular endo-

thelium to the physiology of the penile vasculature is

consistent with its roles in other vasculature, in

which the structure contributes to biological pro-

cesses related to vascular homeostasis and hemody-

namic regulation. 

A role for angiogenic factors in the molecular regu-

lation of penile vascularization has been postulated.

VEGF is a strong candidate since it is a direct-acting

specific endothelial cell mitogen that stimulates

angiogenesis and regulates embryonic vessel deve-

lopment in a gene-dosage-dependent manner [216].

VEGF splice variants have been identified in rat and

human cavernosal tissue [217-219]. Corporal smoo-

th muscle cells express the VEGF receptor VEGFR-

1 and respond in vitro to VEGF stimulation by proli-

feration and migration [220-221]. In rat and rabbit

models of vasculogenic erectile dysfunction, intraca-

vernous delivery of VEGF restored erectile function

within a few weeks and was associated with increa-

sed corpus cavernosal endothelial cell content [213,

222,223]. Basic FGF has also been shown to have

angiogenic effects in cavernosal tissue, apparently

by increasing VEGF levels [224]. These findings

would suggest that angiogenesis and possibly trophic

effects on smooth muscle cells serve as likely

mechanisms for the observed VEGF-induced recove-

ry of erectile function at least in the long term. 

While a host of molecular mechanisms are involved

in the integrity and function of endothelium, the

signaling function associated with endothelial NOS

in the penis would appear to be quite relevant since

the enzyme synthesizes the erection mediator nitric

oxide from penile vascular and sinusoidal endothe-

lium [225]. As an alternative explanation for VEGF

treatment effects in cavernosal tissue, the growth fac-

tor may act via endothelial NOS-regulated mecha-

nisms in the penis. VEGF appears to induce endo-

thelial NOS mRNA and protein levels in penile

homogenates [226]. Recent work has further shown

that VEGF-induced erection recovery within one

week in a mouse model of vasculogenic erectile dys-

function is associated with the activation of a consti-

tutively active phosphorylated form of endothelial

NOS, which is primed to generate nitric oxide conti-

nuously in the penis [227]. Since “activated” endo-

thelial NOS has been described as a major determi-

nant of the erectile response,[251] it will be interes-

ting to identify other experimental strategies that tar-

get this molecule in the penis for the treatment of

erectile dysfunction.          

Several proposals have been put forward that relate

to the restoration or promotion of vascular/endothe-

lial mechanisms and particularly the production of

endothelial nitric oxide in the penis. As such is the

case for therapeutic neurogenesis, strategies devised

to promote the growth and function of the penile vas-

culature offer likely opportunities to restore normal

and natural function according to established

concepts of erection physiology.  

The structural repair or reconnection of nerves after

injury involving the autonomic nerve supply of the

penis has generated great interest recently to restore

neurological function of this organ. Studies have

been carried out both on preclinical and clinical

levels suggesting the feasibility of such interven-

tions. In cavernous nerve-ablated rats, assorted nerve

grafting conduits have been effectively applied

including the genitofemoral nerve,[227] amniotic

membrane grafts, [205] and silicone nerve tube

conduits [206]. Similarly, early results have shown

that intracorporal autotransplantation of pelvic gan-

glia in rats may offer a means to treat neurogenic
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erectile dysfunction [229]. In humans, cavernous

nerve interposition grafting has been investigated

following radical prostatectomy using the genitofe-

moral nerve [230]  and the sural nerve [231].  In the

latter, success has been shown in early trials while

various technical enhancements such as cavernous

nerve electrical stimulation have also been evaluated

to improve upon the technique and functional out-

comes [232].  

These demonstrations lend support for the role of tis-

sue grafting to restore erectile function after injury or

loss of nerve supply of the penis. The availability and

suitability of synthesized grafting material opposed

to autogenous sources are issues worthy of conside-

ration. An additional matter for consideration is the

technical feasibility of grafting procedures to recons-

titute the autonomic penile innervation, which is far

more complex in the human than in rodents. The suc-

cess of nerve reconstruction, and tissue reconstruc-

tion in a broader context, may also hinge on supple-

mentary growth factor strategies that will favor graft

“take” and function. 

An early accomplishment in the endeavor to re-crea-

te erectile tissue was the formation of a corporal

smooth muscle syncytium de novo on biodegradable

polymer scaffolds in athymic mice from primary

human cells in culture [233] (Figure 15). Subse-

quent experiments combining endothelial cells with

corporal smooth muscle reconstruction in vivo esta-

blished the real possibility of engineering vasculari-

zed neo-corpora [234] (Figure 16). Further work

has shown that cartilage penile rods can be enginee-

red as natural penile prostheses [235] (Figures 17

and 18). The discipline has also advanced delivery

methods for genes and growth factors that promote

organogenesis. In this area, polymeric microspheres

containing VEGF secreting cells were shown to

induce neovascularization in a controlled manner in

vitro and in vivo in an animal model [236]. 

In recognition that endothelial cells make up a sub-

stantial component as well as subserve a critically

functional role in the corpus cavernosum, basic

investigations have been undertaken to evaluate the

possible introduction of extrapenile endothelial cells

into the corpus cavernosum to recover endothelial-

mediated function [237]. These experiments have

shown that harvested microvascular endothelial cells

from the rat epididymal fat pad injected into the rat

corpus cavernosum remain viable for up to 2 weeks

after transplantation. The concept is extended by the

possibility of genetically modifying the cells ex vivo

to enhance their biological potential prior to delive-

ry.   

Prior to bringing these concepts to the clinical arena,

further tissue engineering developments must be

achieved. The actual creation of genital structures

will require not just the admixing of smooth muscle

and endothelial cells but rather the full assembly of

all components of erectile tissue including nerves

and connective tissue. It will also involve fulfillment

of the architectural, biomechanical and functional

requirements of native corpora cavernosa. Additional

development of cell delivery vehicles and delivery

systems for introducing developmental factors will

be paramount for advancing the field. 

The concept of gene therapy refers to the introduc-

tion of foreign genetic information into human cells

V. GENE THERAPY

IV. TISSUE ENGINEERING
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Figure 15 : Electron microscopic depiction of cavernosal

smooth muscle and endothelial cells harvested from rab-

bits and seeded on acellular matrices. Structural recompo-

sition of a sinusoidal space within engineered corporal tis-

sue is evident. (courtesy A Atala).
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Figure 16 : Cavernosometric recordings of rabbit corporal bodies 3 months after native corporal tissue was excised and repla-

ced with matrices either containing tissue engineered implants or matrix alone. Results are compared with normal rabbit

cavernosometry. (courtesy A Atala).

Figure 17 : Light microscopic depiction of engineered corporal tissue, showing histologically intact sinusoidal spaces, lined

with endothelium and smooth muscle (courtesy A Atala).

Figure 18 : Photomicrograph of polymer scaffolds see-

ded with human cartilage cells (courtesy A Atala).



for the purposes of either restoring or supplementing

normal cellular function that is defective, or conver-

sely, functionally antagonizing the effects of expres-

sion of a mutant genetic phenotype [238]. In particu-

lar, somatic gene therapy applies to the genetic modi-

fication of differentiated target cells, in contradis-

tinction from modifying more pluripotent (less diffe-

rentiated) germ line cells, resulting in a desired cel-

lular response. 

Gene therapy approaches can be categorized accor-

ding to their delivery designs, using non-viral (naked

DNA, plasmid DNA, liposomes) or viral (e.g., ade-

noviruses, adeno-associated viruses, retroviruses)

vectors or other cell-based (e.g., myoblasts, endothe-

lial cells) delivery systems [239]. Their roles are

commonly assessed according to several properties

including transfection efficiency, durability, and

safety profile. Non-viral vectors, in general, can be

generated plentifully and they carry low risks of

immune or inflammatory responses. However, they

produce low transgene expression and have shown

limited effects in vivo. Viral vectors, in contrast,

offer high cellular transduction efficiency. However,

they risk insertion into the DNA of dividing cells and

may trigger immune and inflammatory responses

while their conduciveness to high titer production

can be difficult. Interest in adenovirus vectors has

been enhanced with the development of second-

generation (gutless) adenovirus vectors, having all

viral genes deleted, which minimizes the risk of host

immune responses, increases cloning capacity, and

allows repeated administrations over time. Interest in

adeno-associated viral vectors has generated from

several characteristics including their limited patho-

genicity and ability to transduce nondividing cells.

Cell-based gene therapy offers the stable delivery of

genetic material via an altered cellular vehicle and

relies on the adherence and persistence of the cell

within the incorporated tissue.    

The penis has lent itself to such therapy on the

grounds that a number of molecular mechanisms

underlying erection physiology have been defined

such that the introduction of genes/gene products

related to these mechanisms to the organ can be per-

formed in such a way to achieve a desired pro-erec-

tile effect. In addition, the penis offers several unique

properties that are most suitable to the performance

of gene therapy: its accessibility as a mostly external

organ, its separateness from the rest of the body

which allows efficient genetic manipulation while

limiting systemic effects, its content of corporal

smooth muscle cells in which only a small fraction

seemingly require modification to restore normal tis-

sue function, and the low turnover rate of these cells

which allow a desired gene to be expressed for long

durations.    

Several gene therapy approaches for treating erectile

dysfunction have been studied at the preclinical

level. Attractive molecules for such therapy have

included NOS genes, growth factors, and other effec-

tors of cavernosal tissue function. The first demons-

tration of this therapy was the intracavernous admi-

nistration of naked complementary DNA (cDNA)

encoding the inducible NOS gene to aged rats, which

showed erectile improvement in response to the the-

rapy [240]. Similarly, intracavernous injection of

cDNA encoding neuronal NOS elevates erectile

function in rats [238]. Intracavernous injection of

hSlo cDNA, which encodes for the large-conductan-

ce calcium-sensitive maxi-K channel, improves erec-

tile function in aged and diabetic rats [241, 242]

(Figure 19). Adenoviral gene transfer has also been

applied using endothelial NOS, which effectively

improves erectile function in aged and diabetic rats

[243- 245]. Plasmid and adenoviral gene transfer of

inducible NOS also yields erectile improvement in

rats although adenovirus-transduced myoblasts were

found to be more effective in this regard [246]. Suc-

cess with adeno-associated virus gene therapy has

been shown for delivery of VEGF to improve erecti-

le function in rats with vasculogenic erectile dys-

function [247]. The gene transfers of calcitonin

gene-related peptide,[248] penile neuronal

NOS,[249] and brain derived neurotrophic factor

[247-250] with erectogenic effects in animal models

of erectile dysfunction have also been demonstrated.  

It is clear that gene therapy for the treatment of erec-

tile dysfunction carries enormous promise. At this
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Figure 19 : Intracorporal injection of maxi K channels

(hSlo cDNA) in rats normalizes intracavernous pressure in

old rats. (courtesy G Christ).



time, an assortment of gene constructs has been eva-

luated to add to the pioneering investigations in the

field, suggesting that a whole host of possibilities

may be considered for molecular targeting using the

gene therapy approach. Attention will need to be

given to the selection of a preferred gene product or

combination thereof that will be either broadly use-

ful or specifically advantageous for select presenta-

tions of erectile dysfunction for maximal benefit cli-

nically. Besides overcoming major safety hurdles,

some other challenges also require attention prior to

bringing this intervention to a clinical level. First, it

is recognized that penile erection is a conditional res-

ponse such that gene therapy constructs that result in

constitutive expression present risks of prolonged

erection or priapism. Considerations for the future

must pertain to the control of the treatment as having

‘on-demand’ applicability. Second, there is the

contention that redosing may still be required despi-

te the long-term efficacy of treatment. Future delive-

ry optimization must be considered. Third, gene the-

rapies may be limited by significant destructive

changes in some presentations of erectile dysfunc-

tion, such as “end-stage” penile fibrosis and tissue

loss. 

Even if the information about the mechanisms of

erectile function and dysfunction has increased

markedly during the last decade, there are still

many details which need to be clarified. Despite

the theraputic success of sildenafil and other PDE

5 inhibitors, current therapies can be improved.

New targets in the CNS and peripherally seem

promising. Thus, melanocortin receptor agonists

seems currently to be a most promising approach,

and by selective dopamine receptor stimulation,

the disadvantages with apomorphine may possi-

bly be avoided. Since most of the centrally acting

agents seem to involve oxytocinergic pathways or

receptors, this system is an attractive target once

the problems of penetration into the CNS have

been overcome. Rho-kinase inhibition is at pre-

sent difficult to apply as a therapeutic principle,

having in mind the wide distribution of the enzy-

me. However, interventions upstream Rho-kinase

may provide the selectivity for penile tissues

necessary for making this principle clinically use-

ful. There is a rational for combinations of thera-

pies and this may be a niche for non-NO-depen-

dent guanylyl cyclase stimulators. New, still more

selective PDE 5 inhibitors seem to be possible to

develop. These, and other approches, including

neuroprotection, vasculoprotection, nerve recons-

truction, tissue engineering, and gene therapy

mean that the spectrum of future possibilities to

treat complicated ED will be considerably increa-

sed.
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interfere with sexual and reproductive function. » WHO 1994

The 2nd International Consultation on Sexual Dysfunction in men and
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was to update the present knowledge in this fast developing area of medi-

cine and develop recommendations for the evaluation and management of

Sexual Dysfunction in men and women.

This summary encompasses the recommendations concerning Sexual Dys-
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Sexuality is a complex bio-psycho-social process.

Physiological aspects of sexual response (e.g.

erection, ejaculation) should be understood in the

context of interpersonal and cultural factors. The

treating physician and collaborating specialists

should possess broad knowledge about human

sexuality. Problems may be lifelong or acquired,

global or situational. Adequate attention to these

aspects during the history taking will educate the

often uninformed patient regarding the complex

nature of sexuality, and prepare him for understan-

ding treatment and outcome realities. Patient and

partner expectations, needs and priorities will be

significantly influenced by cultural, social, ethnic,

religious and national/regional factors. The ratio-

nal selection of therapy by patients is only pos-

sible following appropriate education, including

information about sexuality and all treatments

options for sexual/erectile dysfunction. Although

not always possible on the first visit, every effort

should be made to involve the patient’s sexual

partner early in the therapeutic process.

Erectile dysfunction (ED) must be distinguished

from other sexual disorders in the man such as

early or delayed ejaculation, anejaculation and

lack of desire, although these disorders are 

frequently co-occurring. 

In contrast to many medical conditions, the various

treatments for sexual dysfunctions have to be consi-

dered in the context of cultural traditions, ethnici-

ty and socio-economic conditions, as well as the

patient and partner's preferences, expectations

and psychological status. 

Erectile dysfunction (ED) is defined as the

consistent or recurrent inability of a man to

attain and/or maintain a penile erection suffi-

cient for sexual activity. 

The diagnosis of ED is made by the clinician

based on results of diagnostic evaluation.

Although the diagnosis may be supported by

objective testing (or partner reports), these mea-

sures cannot substitute for the patient’s self-report

in classifying the disorder or establishing the dia-

gnosis. 

The necessary reliance on patient reports implies

that cultural factors and patient-physician 

communication will be important determinants in

defining and diagnosing the disorder. 

◆ Consistency is an important component of the

definition of ED. Erectile difficulties must be

reported to occur on a consistent or recurrent

basis in order to qualify for the diagnosis of

ED. A 3-month minimum duration is generally

accepted for establishment of the diagnosis. In

some instances of trauma or surgically-indu-

ced erectile dysfunction ED (after radical pros-

tatectomy), the diagnosis may be given prior to

3 months. 

(ED) may occur at any age after puberty with a

sharp increase after the age of 60. There are many

etiological profiles in ED. It is noteworthy that ED

might not be the primary complaint and / or may

be associated with other medical  and sexual 

problems. 

DEFINITIONIIINTRODUCTIONI

ERECTILE DYSFUNCTION (ED)1

A. Introduction and 

Definition of Erectile Dyfunction



All men with ED should be evaluated by a health

care professional with a sensitivity toward cultu-

ral, ethnic and religious factors. A multidiscipli-

nary approach may be required in some cases.

Following a careful medical, sexual and psychoso-

cial evaluation, treatment options such as psycho-

sexual and/or relationship therapy, pharmacologi-

cal, or in very specific cases surgical interventions

should be considered. A patient-centered approa-

ch is emphasized throughout, as physicians and

patients collaborate in the assessment and mana-

gement of the patient’s sexual dysfunction. 

The diagnostic tests utilized in the assessment of

the patient with ED may be stratified as:

◆ Basic evaluation: an assessment necessary in

all patients. All patients with ED should recei-

ve a medical, sexual and psychosocial history,

physical examination and focused laboratory

tests.

◆ Optional tests: tests of proven value in the eva-

luation of specific patient profiles, with use

based on the clinical judgment of the treating

physician in general practice

◆ Specialized tests: tests of value in select

patient profiles in specialized settings

The rationale for testing and potential impact of a

positive test should be explained to the patient

(e.g. an abnormal fasting glucose result may lead

to the diagnosis of diabetes).

The sexual, medical and psychosocial history are

the most important elements in the basic evalua-

tion and should be obtained in all patients presen-

ting with complaints of  SD in general and ED in

particular. (A questionnaire to be filled out by the

patient is provided in this document. This ques-

tionnaire may help to initiate physician/patient

dialogue). 

The essential components of sexual function

assessment should include : 

◆ erectile insufficiency (onset, duration, progres-

sion, severity of the problem, qualification of

ED as it relates to sex with a partner, noctur-

nal/morning erections, self-stimulatory and

visual erotic induced erections)

◆ altered sexual desire

◆ ejaculation

◆ orgasm

◆ sexually-related genital pain disorders

◆ and partner sexual function, if available. 

Brief symptom scales or questionnaires may

assist the clinician in recognizing and diagnosing

the sexual problem. These measures may also per-

mit patients to acknowledge the problem and to

initiate a clinical discussion with their health pro-

vider. Scales and questionnaires are also a

valuable tool in clinical trials and outcomes

research on ED. 

Several brief symptom scales are available for the

assessment of male sexual dysfunction*.

A new screening tool for male sexual function

(Male Scale) is in the final stage of validation and

will be available shortly specifically for use in

screening male patients for symptoms of sexual

dysfunction. This brief questionnaire provides cli-

nically-relevant information on a variety of

sexual function domains (erection, ejaculation/

orgasm, desire, pain, satisfaction). It also provides

➦ Sexual Function Scales and 

Questionnaires

a) Sexual Function Assessment

SEXUAL, PSYCHOSOCIAL & 

MEDICAL ASSESSMENT
1

BASIC EVALUATIONI

608

B. Diagnosis and Evaluation

* These include the International Index of Erectile Function

(IIEF) (Rosen et al., 1997); The Sexual Health Inventory for

Men (SHIM) (Rosen et al., 1999); the Brief Male Sexual

Function Inventory (BMSFI) (O’Leary et al., 1995) ; and the

Center for Marital and Sexual Heath questionnaire (CMASH)

(Corty & Althof, 1996)



an index of bother or distress associated with sexual

dysfunction. This tool can be used as a screening tool

in primary care settings, or for monitoring an indivi-

dual patient’s response to treatment over time.

Although valuable in recognizing and identifying

sexual dysfunction, screening tools and questionnaires

should not substitute for a careful sexual, medical,

and psychosocial history.

For patients with ED and other sexual symptoms (e.g.

lack of desire, anorgasmia, pain during intercourse),

further evaluation of these symptoms is recommen-

ded prior to initiating ED therapy (See Diagnostic

Algorithm). Whenever possible, the temporal associa-

tion or causal relationship between the symptoms

should be assessed.

The patient’s psychological state needs to be assessed

with special attention to symptoms of anxiety or

depression, altered self esteem and coping skills, past

and present partner relationships, history of sexual

trauma/abuse, occupational and social stresses, health

issues in either partner infertility, child-rearing 

difficulties, economic status, and educational level .

A critical aspect of assessment is the identification of

patient needs, expectations, priorities and treatment

preferences, which may be significantly influenced

by cultural, social, ethnic and religious perspectives.

Patient education is also important in fostering a the-

rapeutic relationship, facilitating patient-physician

communication and enhancing treatment compliance.

Although not always possible on the first visit, effort

should be made to involve the patient’s partner early

in the process. Partner participation may be influenced

by cultural and social expectations as well as patient

needs and preferences.

When psychosocial assessment reveals the presence

of significant psychological distress, relationship

problems or partner conflict, further evaluation and

management may be necessary either prior to, or in

conjunction with treatment of ED (See Diagnostic

Algorithm). Referral to an appropriate mental health

professional may be indicated in some cases.

The essential components of this history should inclu-

de an assessment of the following:

◆ lifestyle factors (smoking, alcohol, recreational

drugs)

◆ chronic medical illnesses: • hypertension, 

• diabetes mellitus, • cardiovascular risk factors 

including hyperlipidemia, • renal or hepatic dysfun-

ction , • neurological disease, • endocrine disease

◆ medications/recreational drug use 

◆ psychiatric illness including depression

◆ pelvic/ perineal/ penile trauma and surgery

◆ pelvic radiotherapy

For patients with reversible risk factors for ED, such

as uncontrolled hypertension or hyperlipidemia, these

factors should be assessed and managed prior to or in

conjunction with the initiation of ED treatment (See

Diagnostic Algorithm). 

Particular attention should be given to patients with

unstable cardiovascular disease (e.g., recent MI, uns-

table angina). These patients may require further

medical evaluation and management prior to initia-

ting ED therapy (See Diagnostic Algorithm). Additio-

nally, patients with a history of pelvic or perineal

trauma may require additional imaging and vascular

studies as part of their diagnostic assessment. This is

particularly relevant in younger patients with relati-

vely recent injuries. In such cases, patients should be

referred to a specialist familiar with the use of these

tests (See Diagnostic Algorithm). 

A focused physical examination should be performed

on every patient with ED. The physical examination

may corroborate aspects of the medical history and

may occasionally reveal unsuspected physical fin-

dings. This examination should include:

◆ an assessment of body habitus (secondary sexual

characteristics),  ◆ an assessment of the cardiovas-

cular, neurological and genito-urinary system focu-

sing on penile, testicular and rectal exam. Blood

pressure and heart rate should be measured if not

assessed in the previous 3-6 months. In conducting

the physical examination, special attention should be

given to signs of penile abnormality (e.g., Peyronie’s

Disease), prostatic enlargement or other abnormali-

ties, and signs or symptoms indicative of hypogona-

dism (See Diagnostic Algorithm). In such cases, fur-

ther diagnostic evaluation should be undertaken by

the primary care physician, if qualified, or a suitable

specialist.

FOCUSED PHYSICAL EXAMINATION2

c) Medical History

➦ Partner involvment

➦ Patient expectations

b) Psychosocial Assessment 
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DIAGNOSIS : I. Basic Evaluation

Has a doctor ever diagnosed any of the following
illnesses ? 

❑ High blood pressure

❑ Heart disease (heart attack, chest pain with exer-

cise or sex)

❑ Diabetes (high blood sugar)

❑ Hyperlipidemia (elevated cholesterol or triglyce-

rides)

❑ Vascular disease (stroke, mini-stroke, blockage of

arteries, aneurysms)

❑ Emotional problems (depression, anxiety or other

psychiatric conditions)

❑ Hormone problems (testosterone, thyroid, 

steroids)

❑ Kidney disease

❑ Neurological problems (Parkinson’s, multiple

sclerosis, spine injury)

❑ Trauma or injury to: penis, pelvis, perineum,

testes, or rectum

❑ Prostate problems (enlargement, BPH, elevated

PSA, infection)

❑ Urinary problems (urgency, frequency, hesitancy,

weak stream, infection)

❑ Sleep apnea (severe snoring, daytime sleepiness)

❑ Chronic fatigue or weakness

❑ Cancer (bladder, prostate, rectum or other

❑ Radiation of the bladder, prostate or rectum 

❑ Unexplained weight loss

❑ Joint pains (severe or chronic problems moving or

changing positions)

❑ Sexually transmitted diseases

ILLNESS 

❑ I have sexual fears or inhibitions

❑ I have problems finding partners

❑ I am uncertain about my sexual identity

❑ I have been subjected to emotional or sexual

abuse

❑ I have significant relationship problems with

family members

❑ I have been under considerable emotional or

physical stress

❑ I often get depressed and anxious

❑ I am a nervous person

❑ Health

❑ Sexual interest

❑ Sexual performance

❑ Sexual fears, inhibitions

❑ History of sexual abuse

❑ Depression

My sexual partner has problems with

CHECK FOR YESIN MY PERSONAL LIFE

CHECK FOR YES

Medical, Psychosocial and Sexual Assessment Questionnaire1
Last Name : First Name:
Occupation : Date :

❑ Married  ❑ Married but not sexually active 

❑ Single    ❑ Divorced   ❑ Widowed

Psychosocial AssessmentB

Medical HistoryA

DRUGS

Have you taken drugs of any kind in the last 3

months ?

1. PHARMACEUTICALS: ❑ Sedatives  ❑ For hyper-

tension ❑ Hormones ❑ Drugs for ulcer ❑ Other 

2. RECREATIONAL: ❑ Alcohol - 

❑ Tobacco (cigarettes a day.......) 

❑ Marijuana  ❑ Cocaine ❑ Other
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MEDICAL, PSYCHOSOCIAL AND SEXUAL ASSESSMENT QUESTIONNAIRE (Ctd)

Please answer the following questions about your overall

sexual function in the past 3 months or more.

Sexual Function AssessmentC

6. AROUSAL/PERFORMANCE - a) Chronology

• When was the last time you had a 

satisfactory erection?

• Was the onset of your problem 

❑ gradual or ❑ sudden?

• When was your last 

normal erection?

AROUSAL/PERFORMANCE - b) Quantify

❑ Do you have morning or night time erections?

❑ On a scale of 1 to 5 rate your rigidity during sex? 
1       2        3        4        5      

❑ With sexual stimulation can  you initiate an 
erection? 

❑ With sexual stimulation can you maintain an
erection? 

AROUSAL/PERFORMANCE c) Qualify

❑ Is your erectile dysfunction partner     
or situational specific?  

❑ Do you lose erection before penetration, or
before climax? 

❑ Do you have to concentrate to maintain an
erection?

❑ Is there a significant bend in your penis? 

❑ Do you have pain with erection? 

❑ Are there any sexual positions that are difficult
for you? 

7. LIBIDO / INTEREST  

❑ Do you still look forward to sex?  

❑ Do you still enjoy sexual activity?  

❑ Do you fantasize about sex?  

❑ Do you have sexual dreams?  

❑ Are you easily sexually aroused (turned on)? 

❑ Do you have a stong sex drive? 

8. EJACULATION / ORGASM / SATISFACTION

❑ Are you able to ejaculate when you have sex? 

❑ Are you able to ejaculate when you masturbate?

❑ If you have a problem with ejaculating, is it:

❑ You ejaculate before you want to?

❑ You ejaculate before your partner wants you to?

❑ You take too long to ejaculate?

❑ You feel that nothing comes out?

❑ Do you have pain with ejaculation? 

❑ Do you see blood in your ejaculation?

❑ Do you have difficulty reaching orgasm? 

❑ Do you find your orgasm satisfying?

❑ What percentage of sexual attempts are 

satisfactory to your partner?     

1. Are you satisfied with your sexual function ?

❑ Yes ❑ No If No, please continue.

2. How long have you been dissatisfied with your 

sexual function? 

❑ 3 Months ❑ 6 Months  ❑ 1 Year ❑ 2 Years ❑ Over

4. What effect, if any, has your sexual pro-

blem had on your partner relationship/s ?

❑ Little or no effect  ❑ Moderate effect

❑ Large effect

5. What is the most likely reason  for the
sexual problem 

❑ Medical illness or surgery  

❑ Prescription medications

❑ Stress or relationship problems    

❑ Don’t know

9. PREVIOUS CONSULTATIONS
❑ Have you consulted a physician or counselor

for your sexual problems ?

❑ If yes, what type of physician or counselor

have you consulted (check all that apply) :

❑ General practitioner   -   ❑ Urologist

❑ Other specialist  - ❑ Counselor or psychologist

❑ Are you taking any medication or receiving

medical treatment for the problem?

• If yes, what medical or other non-medical

treatments are you using ?

• How effective has the treatment been ?

❑  Not at all effective - ❑ Somewhat effective 

❑  Very effective

3a.The problem with your sexual function
concerns: (mark one or more) 

❑ 1 Problems with little or no interest in sex 

❑ 2 Problems with erection

❑ 3 Problems ejaculating too early during
sexual activity 

❑ 4 Problems taking too long, or not being able
to ejaculate or have orgasm

❑ 5 Problems with pain during sex

❑ 6 Problems with penile curvature during erection

❑ 7 Other : ...................................................

3b. Which problem is most bothersome 
(circle)    1     2     3     4     5     6     7

CHECK FOR YES

CHECK

FOR YES



The physician must tailor the laboratory work-up

based on patient complaints and risk factors outlined

by the history and taking into account the cost and

availability of testing resources.

These tests include the following focused laboratory

tests:

If not available within the previous 12 months- to

rule out diabetes mellitus and hyperlipidemia.

If these test results indicate significant abnormalities

(e.g., hyperlipidemia, diabetes), these conditions

should receive further diagnostic evaluation and

management, as indicated (See Diagnostic Algo-

rithm).

In patients with sexual dysfunction and at risk of or

suspected of hypogonadism, the following bioche-

mical investigations are recommended: 

A blood sample for testosterone (T) determination

between 8:00 and 11:00 AM. The most accessible

and reliable assays to establish the presence of hypo-

gonadism are the measurement of bio-available T or

the calculated free T (cFT). Assays for total testos-

terone, particularly in the elderly, may not reflect the

man’s true androgenic status. If T levels are below or

at the lower limit of the accepted normal values, it is

prudent to confirm the results with a second deter-

mination together with assessment of luteinizing

hormone (LH).

As indicated in the Diagnostic Algorithm, these tests

are to further evaluate specific etiological conditions

or factors, or to evaluate potential contraindications

to direct therapies for ED (e.g. unstable cardiac

disease). Patients should be fully informed as to the

rationale for these tests and the results of testing

should be reviewed with the patient, when available.

While the majority of patients with ED can be mana-

ged within the primary care setting by a physician

educated in male sexual dysfunction, specific cir-

cumstances may dictate the need for referral for spe-

cialized testing and/or treatment (see Diagnostic

Algorithm).

Before considering specialized evaluation and dia-

gnostic testing the physician should consider whe-

ther the patient case profile meets the indications for

specialist referral. 

The physician must also consider the ability of his

clinic facility to provide and support specific hormo-

nal, vascular, neural and psychological testing.

They include the following:

◆ In depth psycho-sexual and relationship evalua-

tion

◆ Psychiatric evaluation

◆ Nocturnal penile tumescence and rigidity (NPTR)

assessment

◆ Vascular diagnostics:

- In office penile injection pharmacotesting 

- Penile Doppler ultrasound,

- Dynamic infusion pharmacocavernosometry and

pharmacocavernosography

- Penile arteriography

- CT and MR imaging (to evaluate trauma and infec-

tion)

- Nuclear imaging

◆ Specialized endocrinologic testing : thyroid func-

tion studies, hypothalamic-pituitary-gonadal

function studies, MRI sella turcica

◆ Neuro-physiologic testing: vibrometry, bulboca-

vernosus reflex latency, cavernosal EMG and

somatosensory evoked potential testing, puden-

dal and sphincter EMG

The first step in the management of the patient with

ED is to facilitate the patient’s and partner’s (if avai-

lable) understanding of the condition, the results of

the diagnostic assessment and to identify patient’s

and partner’s needs, expectations, priorities and pre-

ferences. The degree to which patients and partners

are bothered or distressed by the condition is espe-

cially important to assess.

Patient expectations are important to consider prior

to and following treatment of ED. Patients and

partners should be educated about causes and avai-

lable treatment options.

The identification and recognition of ED’s associa-

ted medical and psychological factors in the indivi-

dual patient should be emphasized.

CONCLUSION

OPTIONAL AND/OR SPECIALI-

ZED DIAGNOSTIC TESTING
II

b) An evaluation of the hypothalamic-pituitary-

gonadal axis with a testosterone assay. 

a) A fasting glucose and lipid profile

BASIC LABORATORY TESTS3
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1
3

ALGORITHM FOR DIAGNOSTIC EVALUATION OF ED

1. Patient requests referral for specfic testing or treatment.

2. Patient requiring vascular, neurological or cardiologic evalua-
tion

3. Young patient with pelvic, perineal or penile surgery or trauma
who may be a candidate for reconstructive vascular surgery.

4. Patient with  Peyronie’s disease and/or a significant penile bend
or deformity that might require surgical correction.

5. Patient with refractory depression, bipolar disorder, psychosis or
history of sexual abuse or trauma and those patients with 
complicated psychiatric or psychosexual disorder as well as
those with complex relationship issues.

6. Patient with a complicated endocrinopathy including complica-
ted diabetes mellitus

7. Patient with treatment failures who may be a candidate for intra-
cavernosal injection therapy or penile implant surgery.

Specific Indications for Referral to Specialized Management



The clinician has a variety of treatment options

available, including medical, psychosocial and

surgical treatments for ED. Wherever possible,

the selection of therapy should be based on a care-

ful matching of patient needs and preferences

with the available treatment options. The selection

of therapy is strongly influenced by personal, cul-

tural, ethnic, religious and economic (affordabili-

ty) factors. As noted above, all patients should

receive a medical, sexual and psychosocial histo-

ry, physical exam and focused laboratory testing in

conjunction with, or prior to the initiation of the-

rapy. Treatment options should be carefully revie-

wed with the patient and patient’s partner, if avai-

lable. Patients should be educated carefully about

available treatment options and their associated

risks and benefits. The goal of therapy should be

viewed as restoration of a satisfactory sexual life,

not only a rigid erection. 

The main steps of the treatment strategy are:

➊ address risk factors and comorbidity

❷ counsel and educate the patient and partner if 

available 

❸ medical treatment: oral and local

❹ surgical treatment

In parallel to direct treatment for ED, good medi-

cal practice recognizes the value of altering modi-

fiable risk factors. Although frequently insuffi-

cient to reverse ED completely, this step may be

of great value in select patients. Since ED may be

a marker of underlying cardiovascular, metabolic

or depressive illness, these comorbidities should

be addressed whenever possible. 

Potentially modifiable risk factors and comorbidi-

ties include the following:

◆ Lifestyle factors, such as obesity, cigarette

smoking, alcoholism or substance abuse may

require priority management specific to the

particular issue.

◆ Psychosocial factors include relationships

issues e.g. partner conflict, mood problems and

depression, or other psychosexual dysfunc-

tions. 

Commonly used antihypertensive agents (e.g. diu-

retics, beta-blockers) psychotropic drugs (e.g.

antidepressants, neuroleptics), in addition to anti-

arrhythmics, antiandrogens and steroids. 

Alterations in drug dosages or classes may be of

significant benefit in select patients but this should

be coordinated with the primary physician where-

ver possible. 

for hormonal abnormalities (e.g. hypogonadism,

hyperprolactinemia)

In men with ED and/or diminished interest, a

clear indication of hypogonadism (a clinical pic-

ture together with biochemical evidence of hypo-

gonadism) should exist prior to initiation of andro-

gen therapy. Since androgen replacement therapy

is typically chronic or life-long, it is essential that

all patients receiving androgen therapy be follo-

wed on a regular basis. 

The treating physician must be familiar with the

diagnostic, therapeutic and monitoring aspects of

androgen therapy. 

◆ The patient should be monitored closely for

possible side effects or contraindications, such

as abnormal liver function, hyperlipidemia,

polycythemia, prostate abnormalities (prostate

cancer or severe bladder outlet obstruction),

hyperactivity or aggressive behaviour, and

sleep apnea.

◆ Inadequate therapeutic response or the appea-

rance of significant adverse effects call for re-

assessment of treatment indications

HORMONE REPLACEMENT THERAPY3

PRESCRIPTION OR NON-

PRESCRIPTION DRUG USE
2

LIFESTYLE AND PSYCHOSOCIAL

FACTORS
1

ADDRESS RISK FACTORS AND

COMORBIDITIES
I

614
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Erectile Dysfunction



Psychological counseling addresses the predispo-

sing, precipitating, maintaining and contextual

factors associated with the presenting sexual dys-

function. These include specific psychological or

interpersonal factors such as anxiety or depres-

sion, abuse history, relationship distress, sexual

performance concerns, dysfunctional communica-

tion patterns and/or comorbid sexual conditions.

Counseling or brief sex therapy might be consi-

dered as a potential adjunct to medical or surgical

treatments for ED, and may improve outcomes in

selected cases.  Counseling can address psycholo-

gical or interpersonal consequences associated

with loss of potency or sexual intimacy, longstan-

ding couple’s issues or individual psychological

problems, such as depression or anxiety. The prin-

cipal advantages of psychosexual therapy are its

noninvasive nature and broad applicability. Disad-

vantages are its variable efficacy, lack of appeal

for many patients and partners, cost and accepta-

bility factors, and lack of qualified providers. Psy-

chosexual counseling can be considered prior to,

in conjunction with, or following after the use of

medical/surgical therapy, as indicated. 

The P-LI-SS-IT model is often used to classify the

level of psychological intervention. This well-

known model includes four levels of intervention:

(P) Permission is given to all patients to enquire

about sexual concerns, to request information rele-

vant to their condition, and to seek help for their

problem. Limited information (LI) is provided to

most patients, and to partners where possible,

regarding availability and choice of specific treat-

ments (e.g. PDE-5s), associated risks, benefits and

cost factors, and the potential relationship of ED to

known risk factors (e.g. obesity). Specific sugges-

tions (SS) are used in a minority of cases for

improving partner communication, control of

erection or premature ejaculation, self-stimulation

or developing sexual responses in the partner.

Lastly, intensive therapy (IT) is reserved for trea-

ting more deep-seated psychological problems,

such as primary depression or obsessive-compul-

sive disorders. Medications (e.g. SSRIs) are useful

in treating such cases, along with psychological

counseling when available. 

Psychosexual therapy may be offered alone or in

combination with medical treatment as first-line

management for men with ED or other sexual pro-

blems. 

For this reason, all health-care providers should

be familiar with the basic concepts and principles

of psychosexual and couple therapy. For some

patients, brief education, support and reassurance

will be sufficient to restore sexual function. 

For others, referral for more specialized and inten-

sive counseling is necessary. In either case, physi-

cians should identify those individuals who may

benefit from psychosexual or couple therapy, and

make appropriate referrals when indicated. If spe-

cialized referral is not available, patients should be

provided with simple counseling and education as

needed. 

The majority of patients will need to consider

direct treatment options for ED

Decision to treat depends mainly on the distress

ED provokes in the patient and/or his partner.

The development of ED can significantly affect the

quality of life, but it is not a life-threatening disea-

se. Consequently it is reasonable to discuss the

benefits, risks, and costs of the available treatment

strategies with the patient and have the patient acti-

vely participate in the choice of therapy.

There is a documented correlation between car-

diovascular diseases and ED. In a significant num-

ber of patients ED may be sign of endothelial vas-

cular dysfunction.

An important issue prior to the institution of any

therapy and the subsequent resumption of sexual

activity is the overall cardiovascular condition of

the patient. Is this patient able to resume the exer-

cise of sexual activity? If not, priority cardiovas-

cular assessment and intervention may be appro-

priate. 

b) Cardiovascular safety

a) Shared decision making

GENERAL PRINCIPLES1

MEDICAL TREATMENT

FOR ED 
III

➦ In SummaryCOUNSEL AND EDUCATE

COUPLES PRIOR TO OR IN

CONJUNCTION WITH MEDI-

CAL THERAPIES

II
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The partner’s sexual function can interact with the

patient’s sexuality and if possible should be consi-

dered prior to initiating therapy. Partner’s heath

and psychological functioning should also be

considered.

Only those pharmacological treatments that have

been thoroughly tested in randomized clinical

trials, with subsequent publication of results in

peer-reviewed literature, should be considered for

general use. Long-term follow-up of all treatment

options must be performed to demonstrate durabi-

lity and continued efficacy and safety as well as

patient and partner acceptability. 

The treatment selected by a patient will be influen-

ced not only by issues such as efficacy and safety

but also by the patient’s cultural, religious and

economic background. 

Additionally, the following factors may influence

the patient’s or partner’s selection of therapy:

1. ease of administration,

2. invasiveness,

3. reversibility,

4. cost,

5. the mechanism of action (peripheral vs central,

inducer vs enhancer) and

6. regulatory approval and availability 

The use of the internet to prescribe therapies for

erectile dysfunction should be strongly discoura-

ged since it fails to meet the need for direct physi-

cian-patient contact in the assessment of all

patients presenting with this complaint.

Oral therapies may be considered first-line thera-

pies for the majority of patients with ED because

of potential benefits and lack of invasiveness. 

They demonstrate a good risk to benefit ratio. 

Several agents are registered for this indication

(selective PDE5 inhibitors, apomorphine and

yohimbine).

PDE 5 is the enzyme responsible for the breakdown

of the intracellular second messenger of nitric oxide

i.e. cyclic guanosine monophosphate (cGMP) in the

corporal smooth muscle.

PDE5 inhibition increases the concentration of

cGMP and promotes corporeal smooth muscle

relaxation and erection in response to sexual stimu-

lation.

PDE5 inhibitors are associated with the broadest

efficacy and tolerability of oral ED therapies.

Accordingly PDE5 inhibitors are considered as the

reference class for oral treatment. Three members

of this class are available today, sildenafil, varde-

nafil and tadalafil. Sildenafil was approved world-

wide in 1998 and vardenafil and tadalafil in 2003. 

PDE5 inhibitors are effective and well tolerated as

demonstrated in controlled clinical trials and clini-

cal practice experience. In general ED, a high

level of evidence exists for the efficacy of all three

drugs. The long-term effectiveness and safety of

sildenafil has been demonstrated in controlled clini-

cal trials, open label studies, and post-marketing

experience. 

The clinical action of PDE5 inhibitors may be

visible with the first intake. Nevertheless there is

a necessity for patient education on how to opti-

mally use the drug because of the need for sexual

stimulation and adequate dosing. For this reason,

results of treatment improve with repeated

dosing.

In patients receiving concomitantly an αα-blocker,

recommendations may vary from caution to

contraindication depending on the PDE5-inhibitor

and the α-blocker to be used. Physicians must care-

fully follow the label instructions of these drugs.

PDE5 inhibitors are strictly contraindicated in

patients receiving organic nitrates and nitrate

donors. 

➦ Drug interaction and contrindications.

➦ This class is approved for on demand use. 

a) Phosphodiesterase type 5 (PDE 5) 

inhibitors

ORAL AGENTS2

f) The use of internet

e) Criteria of selection

d) Which drugs for ED treatment ?

c) Partner issues
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PDE5-inhibitors undergo hepatic metabolism via

cytochrome P450CYP3A4. CYP3A4 inhibitors

such as erythromycin, ketoconazole, and protease

inhibitors, can increase the levels of PDE5-inhibi-

tors. In patients taking these drugs, consider admi-

nistering PDE5-inhibitors at the lowest available

dosage. Concomitant grapefruit intake should be

avoided because of its CYP3A4 effect.

The three PDE5 inhibitors are associated with

class-related side-effects including headache, dys-

pepsia, facial flushing, and nasal stuffiness. Other

side-effects such as altered vision (due to PDE6

inhibition), myalgia and back pain may vary accor-

ding to the specific compound in discussion. These

side-effects are predominantly mild to moderate. 

There is variability of onset of action for these three

drugs (which may be at least 15 to 30 minutes). 

The duration of action is about 5 hours for silde-

nafil and vardenafil and up to 24-36 hours for

tadalafil.

Apomorphine SL (sublingual) is a centrally acting

non-selective dopamine agonist with modest effi-

cacy and good tolerability in mild ED. It is asso-

ciated with mild to moderate nausea and rare bra-

dycardia/syncope (vasovagal) syndrome. Apomor-

phine SL is registered in various countries since

2002.

Yohimbine is both a peripherally and centrally

acting alpha-blocker associated with low level of

evidence for efficacy in general ED.

The advantages of oral drug therapies include

broad patient acceptance, ease of administration

and relative efficacy. 

The disadvantages include specific contraindica-

tions such as the concomitant use of nitrates with

respect to PDE5 inhibitors, the relative cost, and

the moderate discontinuation rate. Also the poten-

tial for misuse should be considered.

Local therapies include intracavernosal injection

therapy, intraurethral/topical therapy and

vacuum device therapy. Patients who fail oral

drug therapy, who have contraindications to spe-

cific oral drugs or who experience adverse events

from oral drugs might consider these local thera-

pies. Additionally, individual preferences may

direct a patient to consider local therapies prior to

or as an alternative to an oral drug therapy.

Alprostadil, the synthetic formulation of the endo-

genous prostanoid prostaglandin E1, is delivered

by local injection into the corpora cavernosa. It

affects smooth muscle relaxation primarily by

increasing levels of cyclic AMP within the corpo-

ral smooth muscle. It is associated with high effi-

cacy and modest tolerability in general ED. 

The adverse events associated with alprostadil

injection therapy are primarily local and include,

acutely, penile pain and priapism (rare) and, chro-

nically, penile fibrosis or curvature (both of which

are uncommon). 

Papaverine hydrochloride alone or in combina-

tion with phentolamine or a combination of papa-

verine, phentolamine and alprostadil has been

extensively and successfully utilized in clinical

practice. However this is not an approved therapy.

Intracavernosal injection therapy is contraindi-

cated in patients with sickle cell anemia and with

other conditions that predispose to priapism. Anti-

coagulant therapy is not an absolute contraindica-

tion but extra care must be taken to avoid excessi-

ve bruising.

The advantages of penile injection therapy inclu-

de broad efficacy, relative safety and the rapidity

of onset of action. The disadvantages include

invasive local administration and relative cost. 

◆ Inthraurethral alprostadil therapy is associated

with moderate efficacy and tolerability in the

management of general ED. In addition to simi-

lar adverse events associated with alprostadil

ICI therapy, the intraurethral administration of

alprostadil is also associated in rare cases with

hypotension and syncope.

b) Intraurethral therapy

➦ Papaverine and combination+Penthalamine

➦ Alprostadil (Prostaglandin E1)

a) Intracavernosal Injection (ICI) 

Therapy

LOCAL THERAPY3

➦ Conclusion: advantages and 

disadvantages of oral treatment

c) Yohimbine

b) Apomorphine SL
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The advantages of intraurethral therapy include its

less invasive nature. The disadvantages include

local as well as systemic side-effects (rare), relative

cost and partner related vaginal irritation. A condom

should be used in case the partner is pregnant.

The topical (intrameatal) application of the com-

bination of alprostadil and a dermal permeation

enhancer is associated with a certain efficacy and

tolerability that need to be confirmed by further

studies. It is has been approved in some Asian

countries.

Vacuum constriction devices (VCD) are widely

available including over-the-counter (without pres-

cription) in some countries. They are of appeal to a

group of men who are not interested in pharmaco-

logical therapies or have specific contraindica-

tions to these therapies. VCD’s apply a negative

pressure to the pendulous penis, thus drawing blood

into the penis, which is then retained by the appli-

cation of an elastic band at the base of the penis. 

The side-effects associated with VCD therapy

include penile pain, penile numbness, bruising and

trapped ejaculation. Anticoagulant therapy is a

relative contraindication. 

The advantages of VCD therapy include its non-

pharmacologic nature, on demand use and cost. The

disadvantages of VCD therapy include their cum-

bersome utilization and minor local side-effects.

Microvascular arterial bypass and venous liga-

tion surgery may achieve the goal of increasing

arterial inflow and decreasing venous outflow.

Certain young patients with vascular insufficiency

may be candidates for surgical cure or improve-

ment of ED. These patients must be evaluated by

specialized testing and should be treated by an

experienced surgeon.

This invasive therapy should only be considered

after other treatment possibilities have been

exhausted.

The final treatment option for ED is the surgical

implantation of a malleable or inflatable penile

prosthesis. This option is highly invasive and irre-

versible and should therefore be reserved for

select cases failing other treatment modalities.

However, under unique and uncommon circum-

stances a penile implant could be selected as a pri-

mary option. When properly selected, penile pros-

theses may be associated with high rates of

patient and partner satisfaction. 

Penile implant surgery is uncommonly associated

with prosthesis infection (1-5%) but such cases

usually require explantation and may result in

severe scarring and penile deformity. Mechanical

failures are now less than 5% in the first year,

about 20% at 5 years and 50% at 10 years.

The advantages of penile prosthesis implantation

include relative long lasting effect and high

patient’s satisfaction. The disadvantages of penile

prostheses include irreversibility, invasiveness,

surgical complications and mechanical failure.

Reassessment and follow-up should be conducted

at regular intervals with every patient receiving

treatment for ED. The goals of follow-up include:

1. The need for dose titration or substitution of

another treatment intervention should be consi-

dered at each treatment follow-up visit. Patients

may change treatment preferences, seek new

information, or wish to reevaluate their current

treatment choices.

2. Patient communication. Patients may have

concerns regarding treatment administration,

other sexual dysfunctions (e.g. premature ejacu-

lation), partner issues (e.g. anorgasmia) or life-

style factors (e.g. emotional stress).

3. Patients may change medication regimens,

either for ED or a concomitant medical disor-

der. The possibility of adverse drug reactions

or drug interaction with oral ED drugs should

be carefully monitored.

4. General medical and psychosocial reassess-

ment should occur at regular intervals, depen-

ding upon the patient’s health, physical and psy-

chosocial needs. Follow up also provides an

additional opportunity for patient education.

REASSESSMENT AND FOLLOW-UP3

PENILE IMPLANTS2

VASCULAR SURGERY1

SURGICAL THERAPYIV

d) Vacuum Constriction Devices

c) Intrameatal therapy 
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Educate the Patient About Risk Factors and ComorbiditiesA

B

C

2

3

4

1

Provide Appropriate Education and Counseling to the Patient and

Partner 

Consider Treatment Options  

Other oral 

Treatments

NOT SATISFIEDNOT SATISFIED NOT SATISFIED

NOT SATISFIED

NOT SATISFIED

INITIATE MEDICAL TREATMENT
Treatment is Selected Taking Into Account the Medical and 

Psychosocial Contraindications/Patient Preference and Availability

Conjoint Psychosocial and Medical Treatment May be Indicated

REEVALUATE AND ADJUST THERAPY

• Treat Hypogonadism if Present

• Dose Titration

• Instruct Patient on Optimal Use of Treatment

Depending on the Predominant Etiology and Circumstances the Specialist

could be a :

• Urologist : Penile Prosthesis, Penile Revascularization or Correction

of Penile Deformity

• Psychosocial Therapist or Psychiatrist: Treatment of Complicated 

or Treatment-Refractory Problems   

• Other Medical Specialist

REFER TO A SPECIALIST

Local Therapies

- Pharmacological

- Mechanical

Consider Alternative Oral or Local Therapy as Above

Additional Education and Counseling

PDE5 Inhibitors*

*PDE5 inhibitors are the preferred treatment option in the large majority of patient

TREATMENT OF

ERECTILE DYSFUNCTION

TREATMENT STRATEGY OF ERECTILE DYSFUNCTION (ALGORITHM)

The Objective of Treatment is to Restore a Satisfactory Sexual Relationship Not Only a

Rigid Erection  



Premature ejaculation, also referred to as rapid or

early ejaculation, is defined as “premature ejaculation

is the recurrent or persistent ejaculation with minimal

sexual stimulation, that occurs before, at or shortly after

penetration, upon which there is little or no voluntary

control, and which causes bother ot the patient and/or

his partner”. 

This definition has 3 essential criteria :

a) brief ejaculatory latency; b) loss of control; and 

c) psychological bother in the patient and/or partner. 

Ejaculatory latency of two minutes or less may qualify

a man for the diagnosis, which should include consis-

tent inability to delay or control ejaculation, and mar-

ked distress about the condition. All three components

should be present to qualify for the diagnosis. Sub-

types of the disorder are symptom-based, including life-

long versus acquired, global versus situational PE, and

the co-occurrence of other sexual problems, particular-

ly ED. About 30% of men with PE have co-occurring

ED, which typically results in early ejaculation

without full erection. A wide degree of severity is seen,

with patients ejaculating on or prior to penetration in

the most severe cases. 

The etiology of the disorder is uncertain in most cases,

and likely includes a combination of organic and psy-

chogenic factors. Negative conditioning and penile

hypersensitivity are the most frequently cited etiologi-

cal factors in PE, although neither mechanism has

received adequate experimental support to date. 

PE is a highly prevalent disorder; however accurate

population-based data are not available. Although

usually associated with less bother than ED, the disor-

der may cause substantial bother in some instances. It

may be associated with sexual problems in the woman

partner, particularly anorgasmia or a sexual pain

disorder (e.g., vaginismus). In such cases, couples or

sex therapy approaches may be of particular value.

These may be combined with pharmacotherapy for

treatment of PE in the male. 

1. All men who meet diagnostic criteria for PE should

receive a medical and sexual history, physical exami-

nation and investigations of causal or maintaining fac-

tors for the patient’s PE, such as anxiety or interperso-

nal factors. The developmental history of the disorder

should be carefully assessed, such as whether the rapid

ejaculation is global or situational, lifelong or recent in

its development, and the presence or absence of other

sexual dysfunctions, such as ED. If ED is present, this

should be evaluated according to the guidelines above.

2. Details of the patient’s ejaculatory response should

be obtained, particularly the subjective assessment of

ejaculatory latency, sense of ejaculatory control and

level of sexual dissatisfaction or distress should be

fully evaluated. Sexual and emotional responses of

the partner need also to be assessed, particularly the

presence or absence of sexual dysfunction or pain in

the partner. Questionnaire measures or brief symptom

scales are available for assessing PE, although these

are not well-standardized to date. Laboratory-based

evaluations (e.g. biothesiometry) are not recommen-

ded for routine evaluation. 

As indicated in the following algorithm, several mana-

gement options are available following initial assess-

ment and diagnosis. In particular, men with premature

ejaculation secondary to ED, other sexual dysfunction

or genitourinary infection should receive appropriate

etiology-specific treatment. Men with lifelong prema-

ture ejaculation should be managed with pharmacothe-

rapy, while those with acquired or situational PE can be

treated with pharmacotherapy and/or behavioural thera-

py according to patient/partner preference. Men with

significant contributing psychogenic or relationship

factors may benefit from concomitant behavioural the-

rapy. Recurrence of premature ejaculation is highly

likely to occur following withdrawal of treatment.

Behavioural therapy may augment pharmacotherapy to

enhance relapse prevention. A flow-chart model for

office management of PE is shown below.

Pharmacological treatments for PE include use of

selective serotonin reuptake inhibitors (SSRIs) (e.g.,

paroxetine, sertraline, fluoxetine clomipramine), topi-

cal local anaesthetics (e.g., lidocaine), and PDE-5

inhibitors (e.g., sildenafil). None of these drugs have

received regulatory approval for treatment of PE,

although clinical trial data supports their use in indivi-

dual cases.  SSRIS should not be prescribed in patients

under 18 years of age.

TREATMENT5

DIAGNOSTIC ASSESSMENT4

PREVALENCE3

ETIOLOGY2

DEFINITION1

PREMATURE EJACULATION

(EARLY EJACULATION) (PE)
I
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MANAGEMENT OF PREMATURE EJACULATION (PE)

PATIENT COMPLAINING OF PREMATURE

EJACULATION (PE)

PATIENT/PARTNER HISTORY

• Establish presenting complaint

• Intravaginal Ejaculatory Latency Time

• Perceived degree of ejaculatory control

• Degree of patient/partner distress

• Onset and duration of PE

• Psychosocial history

• Medical history

• Physical Examination

TREATMENT

BEHAVIORAL THERAPY

• Stop/Start

• Squeeze Technique

• Sensate Focus

RELATIONSHIP COUNSELING

PHARMACOTHERAPY

• SSRI agents*
• Topical anesthetics

OR

Combination Treatment

Counsel the patient and discuss 

treatment options and patient’s preference

MANAGE

PRIMARY

CAUSE

YES

ATTEMPT GRADUATED WITHDRAWAL OF PHARMACOTHERAPY

PE SECONDARY TO ED OR

OTHER SEXUAL DYSFUNCTION

NO

*Selective serotonin re-uptake inhibitors (SSRIs)

Paroxetine, sertraline, fluoxetine, clomipramine

Administration :

- Daily treatment

- On demand treatment

- Low daily doses + as needed higher dose 3-6 

hours  before intercourse.

Side effects: fatigue, yawning, mild nausea, perspi-

ration (gradually disappear over 2-3 weeks)

Withdrawal should be gradual (i.e. 2-3 weeks).

* None of these drugs have so far received regulato-

ry approval for treatment of PE, although clinical trial

data supports their use in individual cases



Male orgasmic dysfunction (MOD) includes a spectrum

of disorders in men ranging from delayed ejaculation

to a complete inability to ejaculate, anejaculation, and

includes retrograde ejaculation. 

Multiple etiological factors have been identified,

including both organic and psychogenic factors. Any

medical disease, drug or surgical procedure which

interferes with either central control of ejaculation or

the peripheral sympathetic nerve supply to the vas and

bladder neck, the somatic efferent nerve supply to the

pelvic floor or the somatic afferent nerve supply to the

penis can result in delayed ejaculation, anejaculation

and anorgasmia. 

Ejaculatory dysfunction and loss of orgasmic sensation

commonly occur following prostate or bladder surgery

and have been reported in association with lower urina-

ry tract symptoms (LUTS) in aging men.

Commonly used drugs, such as alpha-blockers (e.g.

tamsulosin) and serotonin-uptake inhibitors (e.g.

paroxetine) have been associated with loss of orgasm or

ejaculation. Precise prevalence data for these disorders

are not available, although recent studies suggest that

MOD may be almost as prevalent as ED in aging men.

Loss of ejaculation is often age-related and may be

associated with other sexual dysfunctions in the male,

particularly ED.

Men with delayed ejaculation, anejaculation and/or

anorgasmia should be evaluated with a detailed medi-

cal and sexual history, a physical examination and

appropriate investigations to establish the true presen-

ting complaint, identify obvious biological causes such

as medication or recent pelvic surgery, and uncover suf-

ficient detail to establish the optimal treatment plan. A

flow-chart model is shown below. 

1. A basic medical history, including use of prescribed

and recreational medications

2. The cultural context and developmental history of

the disorder, including whether the ejaculatory dys-

function is global or situational, lifelong or recent in

its development,

3. Measures of the quality of each of the three phases

of the sexual response cycle: desire, arousal, and eja-

culation, since the desire and arousal phases may

impact the ejaculatory response,

4. Details about the ejaculatory response, including the

presence or absence of orgasm, the prodromal sen-

sation of ejaculatory inevitability and prograde eja-

culation, the level of sexual dissatisfaction and dis-

tress, the frequency of sexual activity, and degree of

sexual stimulation, 

5. A careful physical examination to establish whether

the testicles and epididymes are normal, and whether

the vasa are present or absent, on each side and the

sensation of the genitalia.

6. The partner’s assessment of the situation, including

whether the partner  suffers from sexual dysfunc-

tion,  and

7. Assessment of the sexual and overall relationship

Treatment should be etiology-specific and address

the issue of infertility in men of a reproductive age. 

Men who never achieve orgasm and ejaculation, are

suffering from either a biogenic failure of emission

and/or psychogenic inhibited ejaculation. Management

involves identification of the etiology and disease spe-

cific treatment. Men who occasionally achieve orgasm

and ejaculation are usually suffering from psychogenic

inhibited ejaculation or penile hypoanaesthesia secon-

dary to age or spinal cord disorder related degeneration

of the afferent penile nerves. 

The former is managed with behavioural therapy and/or

psychotherapy. Men with age related penile hypoanaes-

thesia should be educated, reassured and be instructed

in revised sexual techniques which maximise arousal.

The majority of men who always achieve orgasm but

never experience prograde (antegrade) ejaculation or

have a greatly reduced prograde ejaculatory volume,

have retrograde ejaculation. The presence of sperma-

tozoa and fructose in centrifuged post-ejaculatory voi-

ded urine confirms the diagnosis. Management

involves education and reassurance of the patient,

pharmacotherapy (with alpha adrenergic agonist) or,

in rare cases, bladder neck reconstruction. The absence

of spermatozoa suggests congenital absence or agenesis

of the testis or vas/vasa or acquired ejaculatory duct

obstruction. Management involves investigation by

ultrasonic or radiological imaging to identify the site of

obstruction and disease specific treatment. Wherever

possible, medical and psychological approaches

should be combined in the treatment of MOD. 

TREATMENT4

Relevant information to obtain from the patient

includes:

DIAGNOSTIC ASSESSMENT3

ETIOLOGY2

DEFINITION1

DELAYED EJACULATION,

ANEJACULATION AND MALE

ANORGASMIA
II
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DELAYED EJACULATION-ANEJACULATION-ANORGASMIA

FAILURE OF ORGASM

• Neurogenic

• Metabolic

• Drug Adverse Effect

➝ Disease Specific

Management

INHIBITED MALE ORGASM

With Nocturnal/Masturbation 

Emissions

➝ Psychosexual Therapy

AGE RELATED INSENSITI-

VITY

➝ Reassure/alter sexual 

technique

INHIBITED MALE ORGASM

➝ Psychosexual therapy

ASPERMIA

➝ Ejac.Duct Obstruction 

Urological Consultation

RETROGRADE 

EJACULATION

➝ Reassure/Educate

➝ Pharmacotherapy

➝ Surgery

IS THERE

ORGASM?

IS THERE EJACULATION?

ARE SPERM PRESENT IN

URINE AFTER ORGASM?

YES NO

YESNO

NEVER

SOMETIMES

ALWAYS



Priapism is a relatively rare condition in men, which is

defined as an unwanted erection not associated with

sexual desire or sexual stimulation and lasting for more

than 4 hours. Three different types of priapism may be

distinguished, although there may be some overlap

among categories. 

1. Low flow (no flow) or ischaemic priapism. This is the

most common form and is associated with a failure of

detumescence, increasing anoxia and ultimately

necrosis of the cavernous muscle if untreated. It is an

example of the compartment syndrome and requires

urgent treatment.

2. High flow, well oxygenated priapism. This is less

common than the first type and may occur following

surgical treatment or pelvic trauma. It may also be

congenital or idiopathic in origin. 

3. Recurrent or stuttering priapism commonly occurs in

men with sickle cell disease but is not confined to

them. Such a priapism is usually high flow but may

become low flow and anoxic.

A careful history and physical examination are suffi-

cient in most cases to make the diagnosis and classifica-

tion of priapism. The physical examination should focus

on the rigidity of the penis, severity of pain and presen-

ce of potential causative or comorbid factors, such as a

secondary tumor in the penis. A blood sample should be

taken in all cases to exclude sickle cell disease, thalla-

saemia major, and leukaemia. These conditions require

appropriate management at an early stage. 

First aid measures may be initiated by the patient or

health practitioner prior to medical examination and

diagnosis. Cold showers or ice packs may be beneficial

during the early stages. Exercise and micturation are

occasionally helpful. Analgesics should be given as

appropriate. Pharmacologic oral therapies include terbu-

taline, pseudoephidrene, etilephrine and procyclidine. 

If ischemic priapism is diagnosed based on presenting

symptoms and physical examination, it is essential to

decompress the corpora as soon as possible. This is

typically achieved by aspiration of at least 5 ml of blood

with a 19 to 21 gauge butterfuly needle. The colour of

the blood aspirated in an anoxic priapism is almost

black and the blood gases will confirm the hypoxic state

of the penile corpora. It is necessary to slowly aspirate

until oxygenated red blood is obtained before injecting

an alpha-adrenoreceptor agonist in an attempt to cause

contraction of the smooth muscle. This process may take

1 hour to occur and the pulse and blood pressure should

be monitored. It is doubtful whether irrigation of the cor-

pora is of any benefit. Surgical intervention may be

required if repeated aspiration is not successful (See

Table below).

The erection is less rigid and pain is typically less seve-

re in this form of priapism. The condition is typically

self-limiting and prognosis is generally favorable, in

contrast to ischemic priapism. Conservative treatment is

recommended in most cases. A high flow priapism is

indicated by aspirating bright red arterialised blood from

the corpora and the diagnosis is then confirmed by Dop-

pler examination. When associated with traumatic inju-

ry, treatment of high flow priapism may include selecti-

ve embolisation with autologous blood clot. This is

usually successful and may be repeated. Surgical liga-

tion of the fistula may be successful but it is more diffi-

cult and invasive. It should be remembered that an idio-

pathic high flow priapism may convert to a low flow one

and urgent intervention is then required.

This condition is uncommon, not confined to men with

sickle cell disease, and poorly understood. The onset of

the prolonged erection is usually during sleep and detu-

mescence does not occur immediately upon waking.

The mechanism is obscure and management of recur-

rent priapism is difficult as the episodes may be ischae-

mic or non ischaemic in the same patient. Sickle cell

disease, if present, requires haematological manage-

ment which may reduce the frequency or severity of

attacks. The condition is usually benign, although a full

blown ischaemic episode may occur which requires

urgent intervention. Patients should be informed about

this eventuality. Pharmacologic agents used in the

treatment of recurrent priapism include terbutaline, pro-

cyclidine, clonazepam, etilephrine, LHRH agonists,

baclofen and phenylephrine implants.

MANAGEMENT OF

RECURRENT

(“STUTTERING”) PRIAPISM
VI

MANAGEMENT OF HIGH

FLOW PRIAPISM
V

UROLOGIC MANAGEMENT

OF ANOXIC PRIAPISM
IV

FIRST AID MANAGEMENT OF

PRIAPISM
III

DIAGNOSIS AND INITIAL

MANAGEMENT
II

DEFINITIONI
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PRIAPISM

Expectant 

Compression

Embolisation 

(surgery) 

Discuss penile prosthesis

FAILURE

FAILURE

FAILURE

FAILURE

Black blood

Normal  red blood

Intracavernous injection of an 

αα-adrenergic agonist*

INITIAL MANAGEMENT

• HISTORY

• CLINICAL EXAMINATION

• HAEMATOLOGY

• DOPPLER IF EASILY AVAILABLE

• ASPIRATION IF NECESSARY

FIRST AID MEASURES

• ANALGESIA

• PHYSICAL METHODS

• ORAL DRUGS (e.g. terbutoline 5-10 mg)

LATE 

PRESENTATION 

NO FLOW ISCHEMIC
HIGH FLOW

NON-ISCHEMIC

Evacuate old blood with a 19 or 21

gauge butterfly needle inserted  through

the glans to the corpus cavernosum

* Inject 250 to 500 mcg of

diluted phenylephrine into

the corpus cavernosum

every 3-5 minutes until

detumescence occurs or

until10 mg total is reached.

In older patients blood

pressure and pulse should

be monitored.

Biopsy and shunt surgery



Peyronie’s disease is named after the French surgeon

Français de La Peyronie and is an acquired disorder of

the tunica albuginea characterised by the formation

of a plaque of fibrous tissue and often accompanied

by penile pain and deformity on erection. There may

be difficulty of penetration as a result of the curvature

and the condition may be accompanied by some

impairment of erectile capacity.

Peyronie’s disease should be differentiated from loca-

lised cavernous fibrosis associated with direct external

trauma to the corpus, injury from a fractured penis, or

damage to the cavernous tissue due to intracavernous

injections. Atypical areas in the crura are typically

associated with external trauma..

Peyronie’s disease is usually easy to diagnose by cli-

nical history and examination and it should be diffe-

rentiated from congenital abnormalities (vide infra)

and extremely rare secondary tumours in the penis.

A history and physical examination are usually suf-

ficient to make the diagnosis of Peyronie’s disease,

and further investigation is only necessary in selec-

ted patients. Plaque size is measured in the flaccid

penis, and may be confirmed by means of ultra-

sound, CT or MRI testing, although these methods

have not been shown to be superior to clinical exa-

mination. Deformity is better studied after vacuum

or pharmacologically induced erection. A careful

medical and sexual history should be obtained,

including the patient’s ability to achieve and main-

tain erection. Most cases are self-limiting and beni-

gn, requiring no more than education and reassu-

rance of the patient.

Many patients do not require medication and

although many pharmacological treatments have

been described, few have shown clinically signifi-

cant treatment effects compared to placebo. A com-

bination of colchicine and vitamin E was shown to

be beneficial in one study, but further research is

necessary. The combination is relatively “inexpensi-

ve and safe”. Procarbazine, paraaminobezoate (Pota-

ba), tamoxifen, verapamil and acetyl esters of carni-

tine have also been recommended, but have not

demonstrated adequate safety or efficacy to date.

Intraplaque injections with betamethasone, collagi-

nase or verapamil have also been shown to have

limited benefit in some studies. 

Surgical procedures for correction of Peyronie’s

disease are available and can be employed in severe

cases. Surgical correction of the penile deformity

should not be considered for at least 12 months fol-

lowing initial diagnosis, and after symptoms have

been stable for 3, and preferably, 6 months. The

deformity should make intercourse difficult and the

quality of erection should be adequate. Indications

for surgery are shown in the Table below. Patients

should be fully informed about the nature of their

condition and anticipated outcome of surgery.

A number of surgical procedures are available. The

Nesbit excision technique usually provides the best

results and is the method of choice for most men. Pli-

cation techniques have also been used, but with less

favorable results. Plaque incision and vein grafting

procedures offer effective staightening of the penis,

but with an increased risk of postoperative erectile

dysfuction. These procedures should only be used in

selected patients. Penile prosthesis may be the treat-

ment of choice for the older man with vascular

impairment, erectile dysfunction and an erectile

deformity. The final algorithm for management of

Peyronie’s disease is shown below. 

SURGICAL MANAGEMENTIV

ORAL THERAPYIII

DIAGNOSIS AND 

MANAGEMENT
II

DEFINITIONI
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Peyronie's Disease.

Indications for Surgery

* Disease present for at least 12 months

* Stable for at least 3 months (preferably 6 months)

* Deformity makes intercourse difficult 

* Quality of erection important

to decide between reconstruction or Prosthesis

* Patient expectation and informed consent

PEYRONIE’S DISEASE 

(“LA PEYRONIE”)
4
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In contrast to the burgeoning data on men, clinical

trials on sexual dysfunctions in women are few,

–this in spite of the fact that sexual dysfunctions  are

likely more common in women than in men. Cur-

rently there are no medications approved for treat-

ments in women, and there is limited data on drug

efficacy or psychological efficacy in well-controlled

studies. However, there is considerable ongoing

interest in and early efforts at identifying peripheral-

ly and centrally acting agents. 

To date, there has been attention to diagnostic preci-

sion, assessment tools and outcome measures. Howe-

ver, most of the efforts to address women’s sexual

dysfunction have relied on the agents that were first

tested in men—a rational but potentially distracting

strategy that fails to account for  existing differences

between the sexes.  The remaining unsolved issues in

these areas will be pointed out here as they impact

clinical trial development.

Our focus is on the design and conduct of clinical

trials for female arousal disorder (FAD) and female

desire disorder (particularly hypoactive sexual desire

disorder, FHSD). Although female orgasmic disorder

(FOD) is important, it will only be mentioned indi-

rectly, as too little clinical trial activity for this disor-

der exists to formulate clear standards. At times we

may refer to these conditions in this chapter more

broadly as female sexual dysfunction (FSD), in kee-

ping with the diagnostic systems currently in place.

FSD does not exist as a single diagnosis; it is a

summary category under which specific disorders

are classified.  For our purposes in this chapter, we

are assuming definitions compatible with the DSM-

IV-TR [3] and, to a lesser extent, the Consensus

Conference [4]. We will address study design issues,

sample (clinical and non-clinical) selection, dura-

tion and timing of the trial, diagnostic methods,

assessment measures and outcome variables impor-

tant to measure and statistical analyses.

We review Phase I-IV clinical trial design purposes

and provide some initial guidelines for protocol

development, ethical and clinical issues, research

reports and publications.

A major goal for the chapter is to review the current

standards for the design and conduct of clinical

trials. General principles that apply to all clinical

trials are presented, along with specific issues that

have to do with the applications to sexual conditions.

For example, physiological and self-report measures

of sexual function are discussed, but physiological

measurement for women is not always possible,

given the inadequacies in measuring development

for desire and, in particular, orgasm. In addition,

issues involving partner, quality of life, and personal

distress measures will be addressed. The focus will

be on general guidelines and principles with selected

examples of diagnosis-specific variations. Many of

the principles discussed here also apply to the deve-

lopment of non-pharmacological treatments, such as

physical therapy and psychological regimens, but

our focus is on standards for the former.

I. INTRODUCTION
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The development and regulatory approval of a new

treatment is usually described in four phases, which

we will discuss below. Clinical trials are intended to

demonstrate diagnosis-specific efficacy and safety

for regulatory purposes. They should also provide

some information about the risks and benefits when

the product reaches the broader clinical environment. 

1. PHASE I

This phase tests the first exposure of the experimen-

tal agent or device in humans, and Table 1 outlines

the range of potential studies relevant to FSD in this

phase. Typically, testing begins with healthy volun-

teers, excluding women of childbearing capacity

unless there is a specific reason to consider them. It

is important to recognize that an agent already tes-

ted in men still requires the Phase I testing in

women, with attention to dose, timing, and possibly

hormonal status. This will also depend on the pre-

clinical data available in both male and female ani-

mals, formulation changes, and comparative doses.

An important issue is the required reproductive toxi-

city studies, particularly if agents will be used in

women of childbearing age. The initial goal is to

assess for tolerability and safety on key parameters.

First-dose exposures are selected based on animal

studies, with particular markers noted such as liver

metabolism and lipid profiles in vitro. First-dose stu-

dies begin with a very low single dose, 20-100 times

lower than the predicted threshold efficacy dose in

humans, and titrate upwards, by multiples of 2 to 5. 

Poor toleration may stop this stage of development;

adequate toleration, measured by physical or sub-

ject reported parameters, would move it toward

multiple dose studies. Dosing frequency is selected

by the specific type and action of the novel agent.

Multiple dose studies test the ability of subjects to

tolerate dosage over time. In both single and multiple

toleration studies, assays of plasma drug levels are

useful and should be monitored. However, plasma

levels are not always available. Even when available,

as in endocrine panels for hormonal agents, the relia-

bility of these tests may be difficult to guarantee [5].

Paralleling these initial dosing studies, pharmacoki-

netic and drug metabolism studies should be initiated

in order to make sure that metabolic pathways are

known. Concerns would be around the detection of

dose-dependent tissue drug accumulation and pos-

sible drug interactions. It is important to ensure that

there are no dose-dependent tissue drug accumula-

tions and that the metabolic pathways for major

drug interactions are known.

Phase I clinical pharmacology studies in healthy

volunteers can expedite dose selection and the ove-

rall drug development process and even provide

limited efficacy information. In addition, Phase I stu-

dies may also focus on specific populations. For

example, menopausal or oophorectomized women

may be of special interest to see if they display dif-

ferent pharmacokinetics and tolerability (Table 1).

2.   PHASE II

Efficacy testing begins in Phase II, where the pri-

mary objective is identifying an effective dose range

that will be more fully evaluated in Phase III. Clini-

cal samples rather than healthy subjects are the focus

of the evaluation. Since tolerability has been establi-

shed in Phase I, the dose range tested usually begins

at 5-20% of maximum, with continued data on

tolerability being collected. The lowest effective

dose should be established. Risk/benefit estimates

continue to be examined.

Crossover designs are often preferred to parallel

designs for Phase II studies. The main advantage

of a crossover design is that each subject serves as

her own control, thus reducing between-subject

variability and allowing for within-subject com-

II. RATIONALE AND DESIGN OF
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Table 1. Phase 1 Drug Development in Healthy Volunteers 

Study Type Rationale

Single Dose Assessment of tolerability after 

a single dose administration

Multiple Dose Assessment of tolerability over 

likely dosing period

Pharmacokinetics Assessment of kinetics and 

metabolites predictability in 

pre-clinical studies

Clinical Indirect assessment of efficacy 

Pharmacology to ensure adequate 

pharmacodynamic/ 

pharmacokinetic relationships

Special Populations Pre-and postmenopausal on 

hormonal products; very elderly; 

may display different 

tolerability/pharmacokinetics



parisons. The increased statistical power may allow

for a smaller sample size to be tested. However,

there are a number of disadvantages. A crossover

design is only viable if the evaluation of treatment

involves short-term relief of symptoms of a chronic

condition. One potential problem with the design is

that the effect of the first treatment may carry over to

the second period and hence interferes with the

second treatment. Thereby, it biases any comparison

between treatments. Although this can be  minimized

by allowing a suitable  wash-out period, it may cre-

ate problems of interpretation when the onset of

action of treatment is relatively slow and off set is

long; for example, with hormonal manipulation.

These issues may  arise in situations where diagnos-

tic categories are difficult to differentiate completely

or are imprecise, as  they often are within FSD. An

example is the extensive overlap in diagnosis bet-

ween arousal (FSAD) and desire disorders (FHSD)

[4]. There are also many variables in women that in

a single study may be difficult to control (e.g., diet,

BMI, alcohol intake, mood variability, menstrual

cycle phase, precise hormonal status, and psychoso-

cial variables), but the crossover study helps  redu-

ce the impact of error introduced by subject varia-

bility. The data can be examined post-hoc for

variables such as age, medical status, and hormonal

condition, in order to better plan the Phase III de-

signs. In addition, drug interaction studies may be

examined at this time. For examples, the discovery

that sildenafil citrate required an adequate androgen

and estrogen environment to be effective for women

was an important finding that impacted subsequent

Phase III designs. The disadvantage to crossover

designs is potential carryover effects from one treat-

ment to the other, a not unlikely scenario wherein the

etiology is both psychogenic and physiologic, as

many sexual disorders can be. This is further exacer-

bated by three or more treatment conditions, or when

the outcome variables depend on the availability and

cooperation of the woman’s partner. Switching bet-

ween conditions may prove quite disruptive to sexual

interactions. Thus, in-clinic studies that look at spe-

cific responses to visual or vibratory sexual stimula-

tion may be more useful and practical at this phase. 

Crossover designs test each subject in response to a

specific dose and placebo over two-week to two-

month treatment periods separated by a brief (one

day to one month) washout period. The choice of

timing of treatment and washout periods depends

the pharmacokinetics and metabolism of the drug

and on the level of individual psychological and

couple variables impacted. For example, testing sil-

denafil citrate permits a shorter treatment and

washout period than does the testing of a systemic

androgen, given the amount of time androgenic com-

pounds appear to require to achieve a sustained

blood level and potentially interact with other neu-

roendocrine processes. 

Phase II studies may involve evaluation in special

populations. For example, the common anorgasmia

side effect of the antidepressants, particularly of the

selective serotonin reuptake inhibitor (SSRI) drugs,

coupled with the high prevalence of SSRI use in

women, may warrant early stage characterization of

the potential effects of a new agent on FSD in this

sample of women. Further drug interaction studies
may be undertaken during this phase as well.

3. PHASE III

Regulatory approval requires at least one large-scale,

well-controlled and adequately powered pivotal

study with clearly defined and carefully selected

patient groups. Parallel designs are the usual

choice in Phase III studies. This design is most

suitable when the treatment is expected to change

the course of the disease and make an appreciable

difference to the patient’s condition. In addition the

long-term effects of treatment can also be assessed

using this design carrying on over a number of

years. In addition to the classical parallel design, a

combined parallel and crossover design is also

appropriate with some agents.

For example, comparing the effectiveness of a diffe-

rent doses of a topical genital vasocongestive agent

with a short half life to placebo can be provide good

efficacy data, though it might take longer than a

straight parallel design. Large samples usually mean

that these pivotal phase III trials are multi-center,

randomized, double-blind, prospective studies tes-

ting two or more doses of the novel drug in compa-

rison to a placebo control. Treatment duration is

often 12-16 weeks, although longer trials of 6

months or more are increasingly preferred. A mini-

mum of 8 weeks is recommended, although this

timeframe is more appropriate for Phase II studies.

Longer trials are more vulnerable to subject attrition,

especially in the placebo arm. Each patient is ran-

domly assigned to a specific treatment group and

comparisons are made between the treatments at

various time-points, particularly comparing treat-

ment to baseline changes. Baseline assessments

themselves are used to confirm whether subjects still

meet inclusion criteria, to check the effectiveness of
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randomization for comparability of groups, and to

see what variables might contribute to treatment res-

ponse. It is thus important to make baseline assess-

ments of all patients in order to make the groups as

equivalent as possible prior to randomization. 

In is not uncommon to precede the parallel treatment

conditions with a single-blind, placebo or no treat-

ment run-in phase before randomization. This esta-

blishes a reproducible baseline and helps to screen

out patients who might demonstrate clear placebo

responses. At the end of treatment an open label-

extension may be offered, in order to gather additio-

nal safety and efficacy data and to offer individuals

in the control group access to active treatment (thus

aiding their motivation to remain in the trial). The

open-label extension may last from 6 months to

several years.

A comparison drug or treatment may be tested in this

phase, although they are not required for regulatory

approval. All Phase III studies should be prospective

and placebo-controlled and carefully define of the

population to whom the agent could be effective, via

the inclusion and exclusion criteria. Primary and

secondary efficacy endpoints need to be clearly spe-

cified, though these studies are usually powered only

for the primarily endpoint.

4. PHASE IV

Phase IV studies are undertaken during the drug

registration process or following approval. Overall,

Phase IV studies are designed to increase under-

standing of the overall treatment profile in the tar-

get populations. These studies may not include all of

the controls used in Phase III trials, but comparator

agents and special population groups are more like-

ly to be included in trial designs in this phase. One

rationale for this phase is “post marketing surveil-

lance” studies designed to provide long-term

tracking of patients on active drug in order to expand

the safety database. 

5. DRUG INTERACTION STUDIES

Women are likely to be receiving drug therapy, or to

be taking nutritional supplements, that interact with

the novel agent in some way. The most common

examples are hormonal agents in the form of oral

contraceptives or hormone replacement, antidepres-

sants, or allergy medications. Key drug interactions

should be examined and fall into two major catego-

ries: pharmacokinetic and pharmacodynamic

interactions.

Pharmacokinetic drug interaction studies are desi-

gned to evaluate acute effects of the new agent on the

plasma levels of other concomitantly administered

drugs (e.g., hormones, anticholesterolemics). If the

novel agent is know to be an inducer or inhibitor of

cytochrome-dependent liver metabolizing systems,

specific drug interaction studies may be required.

Pharmacodynamic interaction studies are particu-

larly relevant to investigate the potential of a novel

agent to impact positively or negatively on the effic-

acy of ongoing medications taken to control serious

conditions such as hypertension, hyperlipidemia or

diabetes. Alterations in blood pressure in a patient

with controlled hypertension or endocrine control in

a diabetic patient would be undesirable and should

be evaluated during Phase I or II studies.

• SUMMARY POINTS:

The process of new drug or device development
is categorized into four phases. Each phase is
concerned with safety, though I-III are the most
rigorously attentive to this issue, and efficacy in
Phase II and III. Phase I studies are usually
performed in healthy volunteers to evaluate
pharmacokinetic properties and tolerability of
different doses of new drugs. Phase II studies
provide initial efficacy and dose ranging infor-
mation. Phase III studies are large-scale, pro-
spective studies of efficacy and safety. Phase IV
studies are post-approval or special population
studies.

Crossover designs are often employed in Phase
II studies with the advantages of controlling for
subject variability and increased statistical
power. Parallel or combination parallel-crosso-
ver designs are preferred in Phase III or IV stu-
dies. Phase III studies should always be double-
blinded and placebo controlled with careful
assessment at baseline functioning prior to ran-
domization. The minimum duration of treat-
ment is usually 12-16 weeks.

Drug interaction studies are important in eval-
uating possible pharmacokinetic and pharma-
codynamic interactions between FSD agent and
other drugs used in the treatment of common
comorbidities (hyperlipidemia, hypertension,
depression) or hormonal regulation (menstrual
cycle, menopause). 
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Clinical trials require precise definitions in the inclu-

sion and exclusion criteria of the types of patients

who are eligible for the study. Three general prin-

ciples guide the definition of study populations: 

1) The study population should represent the overall

patient population for whom the treatment under

investigation is intended, 

2) The disorder under investigation must be well

characterized and well defined so that unambiguous

inclusion and exclusion criteria can be used, and 

3) A logical and reasonable balance must be struck

between the safety of the enrolled patients and the

breadth of the exclusion criteria. 

Psychosocial factors complicate the definition of

appropriate populations for the study of pharmacolo-

gical treatments for female sexual dysfunction.

Female subjective sexual experience is mediated to a

certain extent by expectations, which are the product

of prevailing societal values, familial values, and

partner expectations. Societal expectations concer-

ning female sexuality have undergone rapid change

particularly in Western cultures in the twentieth cen-

tury. Thus the definition of what constitutes a disor-

der may vary from one cultural subgroup to another

[7].  

A variety of different factors render the search for

biological therapies of female sexual disorders more

difficult. The scientific knowledge base concerning

female sexual disorders lags behind that of male

sexual disorders. This greatly complicates identifica-

tion of biological contributors to female sexual disor-

ders. Also, the search for treatments of female sexual

dysfunctions is taking place prior to basic research

concerning the neurophysiological and psychologi-

cal basis for individual differences in female sexual

responsivity. The diagnostic system for female

sexual disorders was developed for the diagnosis of

psychiatric disorders [7]. This system has been adop-

ted and slightly modified for the classification of

disorders of biologic, mixed etiologies, or more

commonly unknown etiologies [4, 8] and is current-

ly under further scrutiny and review. It is unclear

whether this is the appropriate approach. Research

to date has found considerable overlap between

disorders of the various levels of female sexual re-

sponse (e.g. women diagnosed with libido problems

also frequently have arousal disorders), which

complicates study of compounds targeting any one

aspect of the female sexual response cycle [8].

Whether this represents a genuine overlap between

different disorders or imperfection of the current

nosological system is unclear.

In view of the current state of knowledge, certain

general recommendations can be made concerning

research populations. It is critical that the popula-

tion being studied be precisely defined, preferably

by operationalized criteria with clear specification

of duration of problem and frequency of problem.

As numerous population surveys have indicated

strong relations between psychosocial stressors,

marital discord, and dysphoric mood, it is critical

that these variables be assessed as they may obscu-

re the effect of any biological intervention [9].

Because of the overlap between female sexual

disorders, trials of any specific disorder should

include measures of other sexual disorders as it is

possible that a given compound may be effective in

only small subsets of a specified patient group [10].

It is recommended that one disorder group be selec-

ted as the target population. One should attempt to

study patients meeting diagnostic criteria for one

disorder and not others if possible. For example,

one might attempt to study women meeting criteria

for hypoactive sexual desire disorder who do not

meet criteria for sexual arousal disorder or orgasmic

disorder. This complicates recruitment but is likely

to produce more meaningful data. If this proves

impossible, an alternative strategy would be to

study women meeting diagnostic criteria for one

sexual disorder who have subsyndromal levels of

another sexual disorder. For the data to be mea-

ningful, a clear specification of the population stu-

died is necessary in order to ascertain if the findings

are replicable. This requires that the criteria for the

target disorder be operationalized as well as the cri-

teria for non-target disorders or that the degree of

impairment be quantifiable. As the literature

concerning the relationship between physiological

and subjective aspects of sexual arousal indicates

that measures of these dimensions are often mini-

mally related, it is suggested that both physiological

and subjective measures of arousal be utilized. As

mentioned above, there appears to be considerable

co-morbidity among female sexual  disorders, thus, it

is imperative than subjects are assessed on all aspects

of sexual function. To maximize the likelihood of

finding a drug effect, the ideal patient should have an

idiopathic disorder which is not secondary to a

known medical or psychiatric etiology unless the

III. STUDY POPULATIONS
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investigation concerns the treatment of a disorder

which is secondary to pharmacotherapy (i.e. secon-

dary to antidepressant or anti-psychotic drug thera-

py) or hormonal therapy (i.e. secondary to hormone

replacement therapy or oral contraceptive use). The

problem should also not be etiologically related to

relationship discord as it is unlikely that any phar-

macological preparation will reverse sexual dys-

function secondary to relationship discord. Another

variable which should be considered is whether the

sexual partner has a sexual problem [11]. 

Limiting research to women with acquired disorders

is usually preferred in Phase II an III studies. The

rationale for this is that women with acquired disor-

ders have demonstrated the ability to respond sexual-

ly in the past. A common assumption among clini-

cal investigators is that societal and cultural prohi-

bitions are unlikely to be etiological factors if the

woman was able to be sexually responsive at an

earlier time in her life. This may not necessarily be

true given the level of sexual trauma that can happen

to adult women. Another suggestion is that the

disorder be of moderate severity and of a medium

duration. It may be extremely difficult to demons-

trate efficacy in long standing severe problems.

Conversely, patients with extremely mild problems

should be avoided as there is minimal room for

improvement. This may make it difficult to demons-

trate a treatment effect. When feasible, it is prefe-

rable to select a group with a similar hormonal sta-

tus, e.g. pre-menopausal, postmenopausal with hor-

mone replacement, postmenopausal without hormo-

ne replacement. 

Hormonal status remains a difficult issue since even

exclusion and inclusion criteria vary across sites and

lab assays. Related variables that need to be consi-

dered for patient selection include whether the

patient had a natural or surgical menopause, years

post-menopause, whether she is on hormone repla-

cement, whether the hormone replacement is oral

or transdermal, whether it is estrogen or estrogen

plus testosterone. If oral contraception is used, the

type of oral contraception should be listed.

Certain clinical populations may be especially suited

for the study of hormonal interventions. For

example, women who are post-oophorectomy may

be excellent candidates in which to demonstrate the

effects of testosterone or estrogen replacement thera-

py. An effect of testosterone on sexual responsivity

may be much more straightforward to demonstrate in

a population with clear hypogonadal androgen levels

than in a population with androgen levels within the

normal range. The safety issues (of potentially high

levels of testosterone or estrogen) involved may also

be easier in the hormone “replacement” model.

Other essential variables to measure include age,

partner function and symptoms of depression and

anxiety. Clearly, baseline function prior to the inter-

vention needs to be carefully documented. It is

recommended that the use of retrospective recall be

avoided or used for brief time periods such as the

past week [12]. Some investigators have utilized cri-

terion levels of serum estradiol, serum hormone bin-

ding globulin (SHBG) and/or free testosterone as

entry criteria [13]. It is unclear how advisable this is

given the controversy about what constitutes thre-

shold values of these compounds for normal sexual

function. To build the database on hormonal levels

as well as to increase the clarity of the characteri-

zation of the sample, it is probably advisable to

include basic hormonal values (estradiol, total tes-

tosterone, SHBG, and perhaps DHEAs) as descrip-

tive information in most studies, particularly those

of post-menopausal women. 

DEFINING THE DISORDER OF THE PATIENT

POPULATION

a) Inclusion criteria

Phase II and III studies have included broad age

ranges. In view of the still forming sexuality of ado-

lescent women in western cultures, it may be wise to

keep the lower age limit to 21. For Phase III studies,

a stable monogamous relationship with a willing and

informed partner is advisable. Increasingly, particu-

larly with new privacy regulations enacted in the

United States, the formal agreement, via informed

consent, of the partner is becoming essential. The

patient subject must identify the specific disorder

and register personal distress about its effect on her.

The duration of the problem can vary, excluding for

the Phase II and III trials lifetime disorders, but

should be relatively consistent for the past three

months. The degree of severity may vary, depending

on the agent being introduced. As yet there is no

single way to assure a consistent measure of severi-

ty, though some have used clinical interview ratings

combined with scored on the Female Sexual Func-

tion Inventory (FSFI) [14] or other scales. The diffi-

culty with a cutoff score on the available scales it

that there is not much evidence that this method

alone will adequately capture a diagnostic group. At

this time, the use of a sexual functioning scale

should augment decisions about diagnosis but not

be used without documented specific screening

questions by interview. 
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b) Exclusion Criteria

Exclusion criteria are used to strictly define the study

population and to guard against including patients

who are at inherent high risk from study participa-

tion. Whereas erectlile dysfunction, and to a lesser

extent premature ejaculation, have contributed to

clear exclusion criteria for men, the picture is less

clearly defined for women.

The outcome of clinical trials in treating women’s

sexual dysfunctions should be assessed only by vali-

dated instruments. Historically, studies of women’s

sexual dysfunctions have suffered from the follo-

wing problems, which may have an impact on the

validity of the results [12, 15].

MEASUREMENT ISSUES:

1. Outcomes are assessed by verbal interactions with

the patient and not by a standardized, written

questionnaire.  

2. Sexual status and quality of life questionnaires are

not used.

3. Partner information on sexual interactions is infre-

quently used.

4. Although many scales have been translated into a

variety of languages, scales have not been valida-

ted with different racial/ethnic groups in the Uni-

ted States.

5. Age is not taken into account for menstrual vali-

dation and ase-based norms are rarely provided.

DIAGNOSIS ISSUES:

1. Multiple sexual dysfunctions (e.g., hypoactive

sexual desire, sexual arousal disorder, orgasmic

disorder) are grouped into a single category, fe-

male sexual dysfunction (FSD), as if they were

homogeneous, of common origin, and equally re-

sponsive to the same treatment.

2. There is lack of careful differential diagnosis, or

missed accounting, for comorbidity of sexual

disorders.

DESIGN ISSUES:

1. Follow-up periods are of short or indeterminate

length.

2. Pre-treatment and post-treatment clinical status is

poorly defined.

3. When outcomes are assessed by an interviewer,

the interviewer is not blind to treatment condition.

4. Women of different hormonal statuses (e.g., pre-

menopausal, post-menopausal, taking hormonal

contraception) have been grouped into a single

category.

5. Placebo controls are omitted.

6. The lowest effective does is often not clearly

demonstrated.

7. Treatment effects after stopping active treatment

are usually not studied.

For the effectiveness of a treatment to be measured

and compared to other treatments, both pre-treat-

ment and post-treatment assessments must be stan-

dardized.

Response variables are the outcomes or endpoints

measured during the course of a clinical trial. Re-

sponse variables should be few in number and should

be identified before the clinical trial begins. When

multiple response variables are used, statistical

methods, such as multivariate techniques or Bon-

ferroni corrections, should be used to correct for

the number of statistical tests [16, 17]. Measures

used in clinical trials of treatment for women’s

sexual dysfunctions include physiological measures,

patient self-report questionnaires or diary reports of

sexual function, sexual distress, partner assessments,

and measures of quality of life. Each of these mea-

sures has certain advantages and disadvantages com-

pared with the others.

1. PHYSIOLOGIC MEASURES

Purported organic factors that affect sexual function

include aging, menopause, medical conditions,

medications, and neurological deficits [18-21]. Eva-

luation of female sexual response mechanisms is

technically challenging and lacks standardized tech-

niques. Many trials to date lack physiological, objec-

tive end points that directly correlate to subjective

complaints. In this section we focus on current lite-

rature pertaining to clinical outcome measurements

used in diagnosing organic causes of women’s SD.

Specifically, we review data that supports the assess-

ment of vasculogenic, neurologic and endocrinologic

factors in outcome measurement. Physiological mea-

sures of sexuality in clinical laboratory settings are

currently seen as insufficient endpoints by the FDA. 

a) Vasculogenic Female Sexual Dysfunction

During female sexual arousal, afferent sensory

IV.  OUTCOME ASSESSMENTS
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impulses activate the central nervous system and

cause smooth muscle relaxation in the clitoris and

vagina, as well as increased genital blood flow.

These physiological sequences result in vaginal and

clitoral lengthening and widening, vaginal wall

engorgement and the production of vaginal lubrica-

tion from transudate [22]. Several techniques for

measuring vascular physiological outcomes in the

assessment of female sexual dysfunction have been

studied. They include: vaginal plethysmography,

Doppler ultrasonography, laser Doppler velocimetry,

vaginal pH measurements, vaginal compliance mea-

surements, vaginal oxygen tension measurements,

magnetic resonance imaging (MRI), postmortem his-

tological evaluation of urogenital tissues. Each of

these methods has advantages and disadvantages. 

Several human trials have attempted to quantify

hemodynamic changes associated with female

sexual arousal. To date, photoplethysmography has

been one of the most frequently employed methods

for this purpose. Sincthak and Geer were the first to

introduce vaginal photoplethysmography to measure

vaginal vasocongestion [23]. A tampon-shaped probe

containing an incandescent light source and a photo-

cell was placed into the vagina. The light source and

photo cell were later modified by Hoon et al. to

contain a more efficient infrared light emitting diode

(LED) and phototransistor, in order to prevent arti-

fact associated with blood oxygenation, hysteresis

and light history effect (24). The light source illumi-

nates the tissues, while the transistor responds to the

light that is scattered back from the vaginal wall. The

amount of light backscattered is dependent on the

volume of blood present in the vaginal wall capilla-

ries. Vaginal pulse amplitudes (VPA) are recorded

using the alternating current (AC) signal and detect

minute blood volume changes in the vaginal mucosa.

Vaginal blood volumes (VBV) are recorded with the

direct current (DC) signal and are capable of measu-

ring changes in blood volume that are occurring

slowly, representing the pooling of blood in the vagi-

nal tissue [25].

Early studies using vaginal plethysmography focu-

sed on vascular responses to erotic stimuli during

arousal versus basal states [26-31]. These studies

recruited female volunteers and evaluated vasocon-

gestive responses using VPA in combination with

VBV [26-30], VBV alone [24] or VPA alone [31].

The five studies evaluating both VPA and VBV all

noted increased vascular responses to erotic stimuli

compared to baseline, dysphoric and/or neutral sti-

muli. Additionally, data from the five studies that

included both VBV and VPA measurements repor-

ted that VPA is a more sensitive and reliable mea-

surement in assessing blood volumes during sexual

arousal.

Following this discovery, a later study evaluated the

influence of erotic stimuli on the VPA response [31].

They noted a significant difference in the dynamic

flow in women exposed to erotic stimuli compared to

baseline. Similarly, Hoon et al. measured VBV alone

and found an increased response to erotic stimulus

compared to dysphoric or neutral stimuli [24].

However, these studies have been criticized based on

several observations [32]. Two prior studies reported

on the correlation between pulse amplitude and

blood volume with conflicting results: Zingheim et al

reported no correlation between these variables

while Heiman found significant correlations in nor-

mal women [33, 34]. A poor understanding of the

mechanisms involved in vasocongestion during

sexual arousal also complicates conclusions drawn

on the findings from only one measurement.

Although these findings appear to strengthen the

argument for using both VBV and VPA as physio-

logical outcome assessment measures in clinical

trials, until the role of static and dynamic flow are

better delineated, the repeated reports of lack of

VBV stability and reliability do not support its use

whereas VPA appears to have reasonable value in

the appropriate designs. The concomitant use of

subjective report of sexual response during VSS

studies is essential.

Despite the promising future for photoplesthysmo-

graphy, these studies have several limitations. First-

ly, the study groups were small samples of predomi-

nantly young women (age range 19-31). Additional-

ly,  studies rarely found a significant correlation be-

tween subjective sexual reports and objective vascu-

lar findings [33]. Lastly, no validated techniques

were used to define female sexual arousal disorder in

these subjects.

A limited number of studies have unveiled conflic-

ting results for the use of vaginal plethysmography

to compare sexually functional and dysfunctional

women (Table 2-A). Wincze et al evaluated 12

women to determine how asymptomatic women dif-

fer from symptomatic women in their physiological

responsiveness during and shortly after an erotic sti-

mulus [35]. Vaginal blood volume following a 7-

minute erotic video was measured in six women who

had previously sought sexual therapy for preorgas-

mic and orgasmic dysfunction and compared to

results from six sexually functional controls. Study
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patients had significantly lower vaginal blood volu-

me change scores when compared to controls. Simi-

lar to reports from other investigators, they found no

significant differences in subjective accounts of

sexual arousal between the two groups. The clinical

group had lower ratings of sexual satisfaction rated

on 7-point Likert scale. 

Palace and Gorzalka found similar results in a study

comparing the responses of sixteen women seeking

treatment for various sexual dysfunctions and 16

non-clinical controls [36]. Sexual dysfunction was

confirmed using the was The Sexual Functioning

Index (SFI) and the Global Sexual Satisfaction Index

(GSSI) of the Derogatis Sexual Functioning Invento-

ry (DSFI) [39]. The goal of this investigation was to

examine the effects of anxiety eliciting stimuli on

sexual arousal and to compare functional and dys-

functional women’s physiological and subjective

responses to erotic stimuli. They presented these

women with two videotape conditions: 

1) a neutral pre-exposure stimulus paired with a

three-minute erotic stimulus; and 

2) a 3-minute anxiety evoking stimulus paired with a

three-minute erotic stimulus. VBV measurements

were recorded using vaginal plethysmography and

subjective data was obtained using a 33-item, self-

report questionnaire, rated on a seven-point Likert

scale. Sexual arousal was defined by five of the 33

items. Investigators found that the anxiety-eliciting

stimulus enhanced genital arousal for both functional

and dysfunctional women compared to the neutral

stimulus. Results also showed that the dysfunctional

group responded with significantly less physiologi-

cal sexual arousal than the functional group during

the anxiety-erotic and neutral-erotic conditions.

There were no differences noted between the two

groups regarding subjective sexual ratings. No corre-

lations were found between VBV and the ratings of

sexual arousal for any group.

Morokoff and Heiman further explored these rela-

tionships by comparing eleven women with low

arousal and anorgasmia with eleven non-clinical

controls matched for age and number of years mar-

ried [37]. Contrary to Wincze et al and Palace et al.,

vaginal plethysmography was performed using the

AC current and recorded as VPA. No significant dif-

ferences were found in physiological responses bet-

ween these groups, despite a greater variety of sti-

muli which included a nine-minute erotic videotape,

a six-minute erotic audiotape and self-generated

sexual fantasy. Although the dysfunctional group

rated their sexual arousal significantly lower than

controls, no significant differences were found bet-

ween these ratings and VPA during erotic stimula-

tion. This study was unique in its use of a valid,

reliable tool to measure sexual response. 

In response to the contradictory findings of the above

studies, Palace and Gorzalka attempted to provide

data that could explain the inconsistencies [35- 38].

They postulated that the disparities resulted from dif-

ferences in study design and data collection, conser-

vative measurements of subjective outcomes and

women’s inhibitions, and sought to reconcile the dis-

crepancies. Using separate newspaper and posted

advertisements directed toward sexually functional

and dysfunctional women, 32 heterosexual women

aged 22-41, devoid of psychopathology and medical

or organic conditions that may affect sexual function,

were recruited to participate. 

Patients were stratified based on their subjective

complaints with a resultant 16 women with hetero-

genous complaints constituting the dysfunctional

group and an additional 16 women who reported no

history of treatment for sexual dysfunction and satis-

faction with their sexual relationship serving as

controls. Validated methods for diagnosing sexual

dysfunction were employed using The Sexual Func-

tioning Index (SFI) and the Global Sexual Satisfac-

tion Index (GSSI) of the Derogatis Sexual Functio-

ning Inventory (DSFI) [39]. Patients who met crite-

ria for dysfunctional classification were matched by

age and sexual experience to functional controls. 

Three 3-minute erotic videotapes were prepared by

editing original films obtained from previous authors

who reported on the use of plethysmography to eva-

luate women with sexual dysfunctions [35-37]. Phy-

siological assessments were made using a vaginal

photoplethysmograph [40]. Responses were recoded

as deviations from baseline and subsequent stimuli

were only applied after VBV readings returned to

baseline. Additionally, data was collected at 4-

second intervals and at the two 10-second time

blocks with the greatest deviation from baseline as

described by Wincze et al, and Morokoff and Hei-

man to evaluate for methodological biases that may

have contributed to contradictory results in those stu-

dies. Sexual arousal responses were obtained using a

10-item self-report rating scale that was noted to be

a sensitive indicator of emotional reactions to erotic

stimuli [37]. Dysfunctional women scored signifi-

cantly lower on the SFI and GSSI than the functional

group. Dysfunctional women also reported less

sexual satisfaction, were significantly less interested
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in sexual activity, and were less likely to achieve

orgasm. In this group 44% reported low sexual desi-

re and 94% reported infrequent orgasm. These fin-

dings validated the classification of dysfunctional in

this group.

Functional subjects exhibited significant increases in

VBV to all three stimuli, while the dysfunctional

group experienced no significant VBV changes fol-

lowing any of the same stimulus conditions. Overall,

dysfunctional women repeatedly demonstrated signi-

ficantly less VBV than functional women exposed to

the same stimuli. Positive correlations between phy-

siological genital arousal and perception of sexual

arousal were only significant for the functional

women.

This investigation helped to clarify the contradictory

findings of the previous studies comparing function-

al and dysfunctional women [35-37]. Specifically,

they found that by standardizing the physiological

and subjective methods of data collection, assessing

the arousal- eliciting capability of the stimuli and

reducing social demand, they were able to explain

the discordant findings in the literature. They were

also able to demonstrate different patterns of sexual

responses in functional and dysfunctional women. 

This study is limited, however, in that VPA measure-

ments which have been found to be more sensitive in

the majority of studies [26-30], were not recorded in

conjunction with VBV. In addition, the absent corre-

lation between physiological and subjective findings

in the clinical group may be confounded by their

poorer understanding of the anatomy, physiology,

and psychology of sexual behavior, more conservati-

ve sexual attitudes, negative assessments of physical

appearance, and negative affects that they reported at

baseline. All of the aforementioned studies evalua-

ting sexual dysfunctions and vaginal blood flow res-

ponses are limited to comparisons of women with

heterogeneous dysfunctions. 

Meston and Gorzalka used vaginal plethysmography

to measure sexual responsiveness in groups of

women classified as functional, low desire or anor-

gasmic to correct for possible biases secondary to

differences in etiology of dysfunction [41]. Sexual

function was determined using two questionnaires,

the Derogatis Sexual Functioning Inventory and the

Orgasmic Functioning questionnaire [39-43]. Using

this modality, they measured the VPA and VBV res-

ponses after activation of the sympathetic nervous

system, induced via acute exercise, followed by an

erotic stimulus (video). Responses were compared to

non-exercise conditions prior to exposure to the ero-

tic stimulus. Results showed that only in the

presence of increased autonomic arousal did

physiological sexual responses between orgasmic

and anorgasmic women differ. These findings concur

with previous studies of Morokoff and Heiman, who

also found no differences in VPA measurements to

an erotic film between controls and women with low

sexual arousal and anorgasmia [37]. 

These data suggests that the measurement of VBV

and VPA responses to erotic stimuli in conjunction

with conditions of increased autonomic arousal may

potentially provide a useful means of evaluating

anorgasmic women. This lends more argument for

simultaneous measurements of both VPA and VBV

in Phase I and II clinical trials, until a better

understanding of their independent relationships

are regarding the various sexual dysfunctions.

However the bulk of the evidence remains suppor-

tive of measuring VPA over VBV and if one measu-

re is selected, it should be VPA.

Comparison between studies using vaginal plethys-

mography is difficult due to the small size of the

studies, the variations in study design, lack of stan-

dardized definitions the of sexual dysfunctions, dif-

ferences in erotic stimuli (video, audio, text) and

differences in signals used for analysis (VPA or

VBV). These studies are also hampered in that no

method for quantifying blood flow has been establi-

shed, and this necessitates within group subject de-

signs. Additionally, all of the aforementioned studies

evaluating sexual dysfunctions and vaginal blood

flow responses are limited in that they compared

women with heterogeneous dysfunctions and the

groups did not evaluate older women, post-meno-

pausal or homosexual women. Finally, the absence

of a true baseline and the movement artifact, have

all been described as technical drawbacks inherent

to this  method [40]—that are necessary to take into

account in designing studies. Still, the current lite-

rature suggests that VPP has strong potential and

value as one outcome measure for evaluating

sexual dysfunctions in women. 

Pulse waved Doppler ultrasonography is another

technique for measuring blood flow changes in the

vaginal and clitoral arteries [44]. Peak systolic velo-

cities (PSV) and end diastolic velocity (EDV) blood

flow can be measured. Similar to vaginal pulse

amplitude and vaginal blood flow measurements

obtained with photoplesthymography, PSV and EDV

represent dynamic and static blood flow changes that

occur with each heartbeat. This modality provides
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continuous, real-time imaging for evaluating female

pelvic anatomy and vaginal blood velocity, measured

in centimeters per second (cm/s). This technology is

currently under investigation for validity and stan-

dardization and is a promising technique in the eva-

luation of vaginal blood flow changes. 

In a cohort study that evaluated 48 women with

various sexual complaints, Berman et al used duplex

Doppler ultrasound to measure changes in blood

velocity after combined stimulation with an erotic

video and a vibrator [44]. Following 15 minutes of

stimulation, they documented significant increases in

the blood velocity to the vagina, urethra, clitoris, and

labia after sexual arousal in all patients. Older

women, defined as women between the ages of 55

and 67 years, had significantly lower baseline blood

velocities (PSV and EDV) than younger women;

however, this significance was lost following erotic

stimulation. Although a higher baseline and post-sti-

mulation blood velocities were reported in postme-

nopausal women taking hormone replacement thera-

py compared to untreated postmenopausal women,

these differences were not significant. Conclusions

from this data should be made with caution, since

age cut-offs were made arbitrarily, normative data

has not been established with this model, heteroge-

neous sexual dysfunctions were used and, as with

previous studies, results from physiological out-

comes and subjective sexual reports did not correla-

te.

Sarrel et al. reported using laser Doppler velocime-

try to evaluate vaginal blood flow in postmenopausal

women [45]. A monochromatic light is emitted from

a laser Doppler and penetrates epithelial and muco-

sal surfaces to a depth of 1mm. The flux of red blood

cells is calculated by multiplying the percentage of

deflected light by the mean velocity of the erythro-

cyte movement using a velocimeter and expressed as

arbitrary units of output voltage. In one review

article, Sarrel reported an increase in vulvar blood

flow of almost 50% following estradiol treatment

and decreases in flow following 8-10 days of pro-

gestin therapy.  No additional information was pro-

vided regarding the study design or population eva-

luated. His second report from a clinical trial for

which this outcome measure was used, indicated that

vaginal blood flow was significantly increased

following four weeks of treatment with conjugated

equine estrogen plus methyltestosterone when com-

pared to estrogen therapy alone [46]. These findings

correlated with subjective reports on the menopause

symptom and the sexual activity scales which sho-

wed an improvement in sexual desire, fantasy and

response and decreased dyspareunia following

androgen therapy. Doppler laser velocimetry in the

assessment of vasocongestion during sexual arou-

sal is not well documented in the literature. While it

is advantageous in that it controls the depth of

penetration and allows for vascular evaluation at

multiple anatomical sites, its utility as an outcome

measure of clinical trials is to date limited (Table

2b).

Determination of oxygen tension (pO2) at the vagi-

nal surface during sexual stimulation has also been

described as indirect measurements of vaginal blood

flow. In the first report by Wagner et al., seven heal-

thy females ages 24-33 years underwent placement

of an electrode secured to a ring shaped suction devi-

ce [47]. The electrode was covered by a oxygen-per-

meable, hydrophobic membrane and contained a pla-

tinum cathode and a silver anode and placed in the

posterior vaginal wall 4-5 cm from the introitus and

a little to the left. Current was generated by a polari-

zing voltage placed at the cathode that reduced oxy-

gen. A special oxygen monitor (Radiometer TCM 1)

was used to display pO2 values.

Recently, in another small pilot study that included

12 healthy volunteers, aged 20-25yrs with normal

sexual function, Sommner et al. re-described this

simple technique [48]. They introduced a modified

Clark oxygen electrode into the vagina, four centi-

meters from the introitus, on the right lateral wall

and a second was place on the right labia minor. In

both studies, basal pO2values were low; however, a

smaller mean and range were noted in Sommner’s

study as compared to Wagner’s original report (2-

6mmHg, mean 3.8+0.9 vs. 0-35mmHg, mean of

9.3+10.7). These authors obtained measurements at

baseline, during self-stimulation and after orgasm.

Results form both studies showed an increase in

transcutaneous pO2 immediately after stimulation

began and continued to increase until peak levels

were noted at orgasm. Following orgasm, a decrease

in pO2 occurred gradually in the vagina, with return

to baseline 10-30 minutes after climax. Sommner’s

study also revealed that a more rapid return to base-

line was noted in the labia minor. Additionally,

simultaneous heart rate and blood pressure were

obtained in their study and positively correlated with

pO2findings. 

Sommner et al. concluded that increased oxygen ten-

sion was likely secondary to blood flow since other

studies have shown an association between transcu-

taneous pO2 [49, 50]. They reported that the reliabi-
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lity, reproducibility, ease of handling and the ability

to collect data without a physician present in the

room are factors that render this modality more

advantageous than Doppler ultrasonography. Weak-

nesses include the extrapolation of results from indi-

rect measurements of arterial pO2 , the small number

of subjects, the omission of validated techniques to

confirm normal sexual function. In addition, they do

not provide an explanation of why the labia minor

and the lateral and posterior vaginal wall were cho-

sen as sites of measuring pO2, given the later com-

ment that previous studies showed inconsistent

results based on the area of electrode placement.

Although the differences in basal pO2 values may be

the result of the newer techniques used, these diffe-

rences should be further investigated to avoid the

introduction of procedural biases. Future studies that

include larger subject numbers, direct comparisons

with findings from Doppler ultrasonography and a

validated assessment of patients with sexual dys-

functions may be helpful in elucidating the useful-

ness of this modality in women’s sexuality. To date it

is not appropriate for clinical trials due to the lack

of adequately controlled studies on women with

and without sexual dysfunction.

Masters was the first to report on the acidity of the

vagina during sexual stimulation [51]. Sexual sti-

mulation causes vasocongestion, which increases the

hydrostatic pressure within the capillary walls of the

vagina, causing a transudation from the vaginal epi-

thelial cells. Normal vaginal pH ranges from 3.8-4.2,

however, the vaginal pH can increase to 6.5- 7.8 as a

result of sexual arousal [44, 51].  Although vaginal

pH testing is simple, results may be technically limi-

ted. Wagner et al. recruited 10 women aged 19-30

and measured vaginal pH at six sites of the vagina

using a glass pH electrode [52]. The patients were

instructed to perform clitoral stimulation to orgasm

after which, the vaginal pH was re-measured in the 8

patients who were able to induce orgasm. They

found that pH testing during sexual arousal is unre-

liable and showed varying results among indivi-

duals; they also found non-significant differences

based on the site of measurement. 

Berman et al. found consistent pre-stimulation and

post-stimulation pH values [44]. Using a 1 cm probe,

they found that vaginal pH increases significantly

after sexual stimulation and that menopausal women

taking hormone replacement therapy had lower pH

values than those women who did not take this medi-

cation. Although the pre and post- stimulation pH’s

were consistent, and relative changes were recorded,

the baseline vaginal pH’s were much higher than

expected for normal vaginal flora (mean = 5.68 + .96

for all women in the study).  Since vaginal pH mea-

surement can be affected by vaginitis and atrophic

changes, care must be taken to ensure that the vagi-

nal flora is normal before relying on this test. Given

the small number of patients sampled in both stu-

dies, the contrasting results obtained and the varie-

ty of sexual complaints, this outcome measure is

not a currently acceptable measure of sexual func-

tion in women.

There is limited data regarding the use of vaginal

pressure-volume (compliance) changes in the eva-

luation of the female sexual response. Sexual stimu-

lation causes vaginal smooth muscle relaxation,

resulting in an increased length and diameter of the

vagina thereby decreasing pressure and increasing

compliance (Compliance = Pressure/Volume) [22].

In the same 48 pre and post-menopausal women who

underwent pH measurements and vaginal blood flow

evaluations, Berman et al. measured vaginal changes

with a compliance balloon [44]. Sexual stimulation

resulted in significant increases in compliance com-

pared to baseline. Berman et al. showed this  re-

sponse measuring vaginal changes with a  complian-

ce balloon. Sexual stimulation resulted in significant

increases in compliance. They demonstrated that

older women had lower compliance measurements

than younger women and that menopausal women

who did not take hormone replacement therapy had

higher compliance values than those who were

taking hormone therapy. These findings are consis-

tent with data suggesting that aging and menopause

with resultant decreases in circulating estrogen

levels leads to genital atrophy, vaginal wall smooth

muscle fibrosis, and collagen deposition [53]. This

was the only study identified that evaluated vaginal

compliance. Since it lacked a control group for

comparisons, no conclusions can be made about

the effects of abnormal sexual function on the

results obtained from this measurement.

Another outcome study evaluated postmortem and

surgically obtained human clitoral tissue in three dif-

ferent age groups (6months-15yrs, 44-54yrs, and 55-

90 yrs) [54]. Results obtained revealed that increa-

sing age is associated with a loss of corporal smooth

muscle and replacement with fibrotic connective tis-

sue. They also noted that clitoral smooth muscle

content was lower in women with cardiovascular

disease-related deaths. They concluded that age and

chronic ischemic changes resulting from athero-

schlerosis, cause permanent changes in genital tis-
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in elderly females. Although this study provides

some insight into the physiological changes in the

female genitalia that occur with age, correlation of

these findings with patient symptomatology and pel-

vic vascular blood flow changes was not performed.

Moreover, age grouping was randomly performed

with no justification for the stratification methods.

Also, the use of combined cadaveric and surgical

specimens and the failure to report on time from

death or surgery to fixation and staining of the

samples, are confounding factors that may have

affected the study results. Consequently, extrapola-

tion of this data cannot be used to make conclusions

regarding age or vascular blood flow as potential

causes of sexual arousal dysfunction and, more

importantly, do not make it appropriate for outcome

measurement. Other means of investigating smooth

muscle functioning might be of interest to pursue. 

One of the newer modalities being evaluated for the

assessment of female sexual dysfunction is dynamic

MRI. Deliganis et al. sought to determine if dynamic

MRI with delayed blood pooled contrast, MS-325,

can illustrate sexual arousal at the perineum in heal-

thy women in a phase 1 methodology study [55].

MS- 325 was chosen over conventional media due to

its slower extravasation into the interstitial space and

the decreased signal intensity in the extracellular

space which allowed for delayed pooling and main-

tains a higher level of contrast enhancement in the

vascular space for a prolonged period. Twelve heal-

thy volunteers were enrolled after undergoing a

detailed sexual history about sexual behavior follo-

wed by a complete physical exam. 

The contrast agent was given intravenously and

patients watched a 21-minute videotape while being

imaged the entire time. The video consisted of a 21-

minute neutral segment, a 15-minute erotic segment,

and then a 9-minute neutral segment. Two patients

only saw a neutral video and served as controls.

Patients answered self-assessment questionnaires at

3 minutes before the neutral portion of the video, just

prior to erotic stimulation and immediately after

viewing all videos. Two independent radiologists

evaluated the results for quality of the results and

depiction of the anatomy.  Relative regional blood

volume (rRBV) was estimated from time- versus-

signal intensity curves for the vaginal wall and the

clitoris, including the crura, clitoral body and the

glans. The total volume was measured by summing

all four sites in cubic centimeters at each time point

by using a planimetric method. If distinction could

not be made between the clitoris and the adjacent

tissue, all enhancing tissues were included in the

calculation.

Following contrast enhancement, image quality

improved and rRBV changes were significantly

increased in 7 of the 10 subjects in the glans of the

clitoris and 8 of the 10 subjects in the clitoral body

following erotic stimulation. Comparatively, these

changes were not seen in the two subjects who were

shown only neutral material. Overall, the mean

rRBV increased in the study group at the glans clito-

ris (40% + 10 SEM) and in the clitoral body (24% +

10 SEM). Comparatively, these changes were -3% +

5 SEM in the glans clitoris and 3% + 8 SEM in the

clitoral body for controls who had only neutral sti-

muli.  No significant differences were found between

premenopausal and postmenopausal women at these

same sites. The quantitative measurements of clitoral

volume revealed more exaggerated changes between

the first neutral segment and the erotic segment, the

mean volume change was 118% + 73 SEM (range

51%- 280%). Again, no differences were found bet-

ween premenopausal and postmenopausal women.

The authors concluded that MR imaging may be a

useful diagnostic tool for evaluating vasculogenic

female sexual arousal disorder and potentially clini-

cal changes in genital response. Although both mea-

surements showed similar results, clitoral volume

measurements may be more precise and reproducible

and less susceptible to movement artifact. 

Since this method has only been recently described,

there are still a number of technical limitations to this

model: 

1) Gross estimations were made when a true distinc-

tion could not be made between the clitoris and adja-

cent tissue and may have resulted in an overestima-

tion of the clitoral volume in this setting, 

2) The 3 variable model, designed to express rRBV

as a function of time may cause an underestimation

of the true blood volume, 

3) Most subjects continued to have contrast enhance-

ment that did not correlate with erotic stimulation,  

4) Since rRBV is estimated from averaging small

regions of interests (ROI), potential errors may

result. 

In addition to potential technical errors, conflicting

data was found in one control subject and review of

images was not strictly blinded. For these reasons,

utility of a model that evaluates vascular and ana-

tomic dynamic relationships, has tremendous

potential for evaluating sexual dysfunctions in

women.  Investigation into the true impact of the
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women.  Investigation into the true impact of the

current limitations on study results and a detailed

cost analysis should be performed before promo-

ting this model. Currently it is not ready for use in

clinical trials as it is limited to one set of investiga-

tors, has not fully compared FSD and non-FSD

subtypes of women, and is limited to small samples.

b) Neurogenic Sexual Dysfunction Measurement

Female sexual arousal is a vasocongestive and neu-

romuscular event that is in part controlled by the

autonomic nervous system. Originally, this series of

events leading up to orgasm was thought to be pri-

marily parasympathetically mediated, however,

newer research implicates the sympathetic nervous

system as a critical component [22, 41, 56, 57]. The

preganglionic parasympathetic fibers that innervate

the vagina and clitoris originate in the sacral para-

sympathetic nucleus in the spinal cord. Parasympa-

thetic information is transmitted to peripheral tissues

via the pelvic nerve. The sympathetic nerve fibers

originate in the dorsal gray commissure and the

intermeidolateral column at the thoracolumbar level.

Sympathetic responses are conveyed by the hypo-

gastric nerve and the paravertebral chain.  Sensory

afferent information caused by stimulation of the

genitalia is transmitted via the pudendal, hypogas-

tric, pelvic, and vagus nerves to these spinal nuclei.

Central control is maintained by descending projec-

tions from the cerebral cortex [58]. 

The sensations of touch, light pressure and vibration

are conducted by large, myelinated fibers in periphe-

ral nerves and by the dorsal column of the spinal

cord. During genital stimulation, it is believed that

recruitment of fibers in this pathway play a central

role in the normal female sexual arousal mechanism

[59]. The elaborate neurological pathways that in-

clude central, sympathetic, parasympathetic and

somatic interconnections are paramount in normal

female genital tissue functioning. Thus, pathological

conditions that cause alterations in these nerve tracts,

such as multiple sclerosis, spinal cord injury, hernia-

ted discs, lumbosacral plexus disorders or peripheral

neuropathies could potentially lead to neurogenic

FSD. This area of research has only recently been

investigated in both human and animal models using

both direct and indirect nerve stimulation methods.

Below we will evaluate each of these systems and

their role in female sexuality.

Only a few clinical studies to date have investigated

sensory deficits as a cause of sexual dysfunctions in

women. Most investigators have used the technique

of quantitative sensory testing (QST) of the geni-
talia for this purpose. This modality is most com-

monly used in the assessment of peripheral neuropa-

thies, however, some researchers have investigated

its use for central disorders as well [59]. The most

common stimuli that are evaluated using QST are

sensations of pressure, vibration, or temperature.

Typically, the method of limits is utilized in which a

quantified stimulus (vibratory or temperature) is

increased by a known amount until it is perceived by

the patient. This method has been shown to be a

valid, reproducible, descriptor of sensory function,

although it has not been widely tested [59, 60].

Vardi et al. were first to use QST to determine nor-

mative values for female genital sensation [59]. A

prospective evaluation was performed of 89 healthy

women volunteers, between the ages of 18-78 years,

reporting normal sexual function. Normal sexual

function was confirmed using a questionnaire; howe-

ver, no description of the validity of the question-

naire was available. Sixty-one patients, between the

ages of 18 and 80 years were evaluated, however, no

other information is provided for this subgroup. Sen-

sory function was assessed measuring warm and cold

thermal thresholds and ascending and descending

vibratory thresholds on the anterior and posterior

vagina and clitoris. They found that thermal measu-

rement of and vibratory thresholds of both the vagi-

nal and clitoral region are clinically feasible, valid

and repeatable. They also noted that thermal clitoris

and the warm threshold of the anterior vaginal wall

sensations are less reliable and that ascending vibra-

tion has better repeatability than descending vibra-

tion or thermal sensations. Patients were stratified

into two groups: 

1) age < 30 years and 

2) age < 50 years. Normograms were calculated for

the warm and cold thresholds as well as from the

ascending vibratory thresholds. Age dependency was

noted for the thresholds of four of the six measure-

ments; Cold thresholds of the clitoris and warm thre-

sholds of the anterior vaginal wall were not affected

by age.

Unfortunately, no clinical data is provided for one

third of the patients (61/150), the questionnaire used

to assess normal sexual function was not described

and therefore cannot be assumed to be validated and

no comparisons were made on people with sexual

dysfunction. These factors limit interpretation of the

study.

Romanzi et al. evaluated 37 women with a mean age

of 48.7+ 13.8 years [61]. Using Semmes-Weinstein
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monofilaments applied to the clitoris and bilateral

labia, neurological integrity was assessed. Five

patients had multiple sclerosis (MS) and were exclu-

ded from the analysis comparing neurological sensa-

tion in patients with normal sexual function (n=18)

and those with sexual dysfunction (n=14). Sexual

function was confirmed using a validated question-

naire. A positive correlation was found between

reduced vulvar sensitivity and sexual function. 

The simple, non-invasive techniques required for

QST are ideal for investigative purposes. These

early efficacy trials suggest that QST can be used to

further elucidate the relationship between periphe-

ral nerve degeneration and sexual function. Larger

studies are needed to correlate validated symptoma-

tology and to evaluate for confounding variables.

The limited data available to date precludes any

generalizations about this outcome measure but it

is promising for further study as an assessment of

sensory functioning that might be important in

women’s sexual functioning. 

The predominant research on central nervous system

defects and women’s sexual function has been repor-

ted in a series of studies conducted by Sipski et al

[62-66]. Based on the theory that neurological

impulses initiate the series of vascular changes asso-

ciated with sexual function, Sipski et al used vaginal

plethysmography as an indirect outcome measure

of neurological integrity and its relationship to

sexual function.

The first study that evaluated physiological outcome

measures in patients with upper motor neuron

(UMN) spinal cord injuries (SCI) compared 13 tetra-

plegic patients with injuries at T6 and above to 8

able-bodied controls (ABCs) using vaginal plethys-

mography in a laboratory based study. Previous

assumptions in review articles and a case report,

hypothesized that women with complete SCI can

maintain reflexive but not psychogenic vasoconges-

tion [66-68]. Based on this assumption, authors

attempted to discern this relationship by comparing

pure psychogenic responses to combined psychoge-

nic and reflexive reactions between these two groups

[62].

Comprehensive and standardized medical and neuro-

logical evaluations were performed. Inclusion crite-

ria were normal menstrual history, no prior gyneco-

logical or neurological surgeries, absence of psychia-

tric disorders and medical stability. The mean age

was 30 and 36 for patients with SCI and ABCs, res-

pectively. The mean number of months post-injury

ranged from 12 to 232 months. A validated spinal

cord injury (SCI) sexual function questionnaire was

developed specifically for this group and was used

for subjective data collection. A 78 minute study pro-

tocol was divided as follows: 1) an initial 6 minute

baseline period (B1), 12 minutes of audiovisual sti-

mulation (V1), 6 minutes of baseline (B2), 12

minutes of audiovisual stimulation (V2), 6 minutes

of baseline (B3), 12 minutes of audiovisual stimula-

tion and manual stimulation (VM1), 6 minutes of

baseline (B4), 12 minutes of audiovisual stimulation

and manual stimulation (VM2) and 6 final minutes

of baseline (B5). Monitoring of vaginal pulse ampli-

tudes (VPA) during erotic video and self- stimulation

was recorded intermittently. Clitoral stimulation was

interrupted for two 45-second intervals to assess arti-

fact. Verbal inquiry of subjective arousal on a scale

of 1-10 was obtained at three-minute intervals throu-

ghout the study. 

Women with complete SCI did not demonstrate

increased vaginal blood flow in response to erotic

audiovisual stimulation (pure psychogenic) even

though subjective levels of arousal were significant.

Conversely, the ABCs demonstrated an increase in

both measurements following audiovisual stimula-

tion. Similarly, in patients with SCI there was no

change in blood volume following combined audio-

visual and manual (psychogenic and reflexive) sti-

mulation compared to audiovisual stimulation alone,

whereas the ABCs had a significant increase in VPA.

Overall, ABCs had significantly increased blood

flow change scores than SCI patients for psychoge-

nic stimulation when compared to baseline. Conver-

sely, no differences were seen in blood flow change

scores for psychogenic plus reflexive stimulation

when compared to baseline or to psychogenic stimu-

lation alone. Subjective arousal during pure psycho-

genic stimulation was similar between the two

groups. However, with the addition of manual stimu-

lation, the ABCs showed a significant increase in

subjective arousal while the SCI patients did not.

These findings provide supportive evidence that

women with complete UMN SCI’s maintain reflex,

but are not capable of psychogenic arousal. 

This study assumes that blood flow directly corre-

lates with neurological innervation, and therefore,

has inherent flaws. Although stimulation of the pel-

vic nerve in rats and rabbits and the hypogastric

nerves in dogs resulted in genital vasocongestion in

the animal models, human studies have not substan-

tiated these finding [69-72]. Another problem with

this study is that the authors draw their conclusion
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that reflexive arousal remains intact based on be-

tween group comparisons without regard for within

group results. In this study, there was no difference

in vaginal blood flow from audiovisual stimulation

when compared to audiovisual plus manual stimula-

tion in patients with SCI. These results conflict with

the above findings since the SCI patients would be

expected to increase their genital blood flow follo-

wing manual stimulation if reflexive arousal were

intact as proposed.

Although pure psychogenic stimulation was evalua-

ted in the initial physiological study by Sipski et al.,

isolated reflexive stimulation was not assessed. In a

follow up study of 10 patients with complete SCI and

10 ABCs matched by age and educational status, the

authors sought to develop a model designed to eva-

luate reflexive arousal using the Stroop test, a dis-

tracting cognitive stimulus, combined with manual

genital stimulation [63].

The original protocol was changed to 78 minutes and

modified as follows: 6 minutes of baseline (B1); 12

minutes Stroop, 6 minutes of baseline (B2), 12

minutes Stroop with manual stimulation, 6 minutes

of baseline (B3), 12 minutes Stroop with manual

timulation, 6 minutes of baseline, (B4), 12 minutes

masturbation, 6 minutes of baseline (B5). Data was

collected using the techniques described above. 

Results showed that VPA and subjective arousal

were unchanged in patients with SCI when perfor-

ming a distracting task in conjunction with manual

stimulation versus performing a distracting task

alone. This argues against the hypothesis that reflexi-

ve vasocongestion occurs in this population. The

authors propose that these unexpected findings resul-

ted from abnormal hand function that precluded ade-

quate clitoral stimulation. Conversely, both blood

flow and subjective arousal increase in ABC patients

for the same comparisons suggesting that reflexive

responses are active in this group. Higher change

scores were also noted for ABC compared to SCI

patients. 

When masturbation was compared to Stroop plus

manual stimulation, no significant change was noted

in blood flow for ABCs, although the authors repor-

ted that there was a trend for the VPA to increase

during masturbation alone. They concluded that a

distracting task prevented maximal vasocongestion

in ABCs; however, in the absence of statistical signi-

ficance this generalization should not be made. It is

possible that order bias may have played a role in the

failure to achieve significance, since masturbation

was always performed last in the testing sequence

and further increases in vasocongestion may not

have been possible. This concept is supported by the

fact that cumulative excitation effect was noted for

ABCs whereby blood flow was significantly higher

in B3 to B5 vs. B1. Wincze et al. also found that

higher initial levels of vaginal capillary engorgement

were associated with less engorgement during erotic

stimulation [35]. Larger studies should be performed

to see if this trend materializes to significance. 

Women with incomplete SCIs with and without the

ability to perceive pinprick at spinal levels T11- L2

have also been studied [64]. Using a 78 minute pro-

tocol as previously described, photoplethysmogra-

phy showed a significant increase in vaginal pulse

amplitudes in response to audiovisual erotic stimuli

and audiovisual stimuli with manual stimulation in

ten women who had partial-normal pinprick sensa-

tion compared to seven women with no pinprick sen-

sation at spinal levels T11- L2, who only responded

to audiovisual stimulation in combination with

manual stimulation. Compared to baseline, both

groups showed an increase in subjective arousal fol-

lowing audiovisual stimulation, however, only the

group with the intact T11-L2 pinprick sensation had

further increases in their level of subjective arousal

with additional manual stimulation. These observa-

tions supported the notion that women with UMN

incomplete SCIs maintain the ability of reflex lubri-

cation and may also maintain some psychogenic

integrity.  The presence or absence of pinprick sen-

sation may help to distinguish between these two

groups. 

This concept was further explored with the use of

Stroop, a distracting cognitive task previously des-

cribed [65]. In patients with partial pinprick sensa-

tion, vaginal blood flow increases in response to

Stroop plus manual stimulation compared to Stroop

alone. No further increase in blood flow was noted

when manual stimulation was compared to Stroop

with manual stimulation. No vascular changes were

noted in either setting in the group with absent pin-

prick sensation. This supports the presence of

reflexive responses in patients with incomplete spi-

nal cord injuries and suggests that the severity of the

spinal cord injury dictates the extent to which this

mechanism contributes to sexual arousal.

The current literature provided by Sipski et al.

reporting vasocongestion as an indirect measure-

ment suggests that neurological integrity may play

a role in sexual dysfunctions. This hypothesis is

supported by data from patients with incomplete
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SCIs. However, data on complete SCIs is inconclu-

sive. An attempt should be made to identify new

technology that directly evaluates nerve impulses to

validate these findings.

Sexual function in MS is assumed to occur as a result

of the chronic nerve demylination with associated

degeneration. In one study that evaluated 41 sub-

jects, (32 females and 9 males) with relapsing-remit-

ting multiple sclerosis (MS), MRI was used to eva-

luate the association between severity of disease and

sexual complaints [73]. A questionnaire was admi-

nistered that assessed libido, excitement and orgasm

of which loss of libido was the most frequently

reported (26%). Overall, 50% of females reported at

least one sexual disturbance. Anorgasmia was found

to correlate with brain stem and pyramidal abnorma-

lities as well as the total area of brain lesions on

MRI. The evidence from this study implies that

sexual dysfunctions in MS may be related to organic

lesions in the brain. Larger studies are warranted.

Using QST, Romanzi et al. evaluated 37 women as

previously reported [61]. In their comparison of neu-

rologically intact women (n=32) and MS patients

(n=5) they found that patients with MS had signifi-

cantly higher thresholds (worse neurological func-

tion) of the external genitalia when compared to

controls.  The small number of patients in the MS

group do not allow for generalizations about this

population.

Patients with temporal lobe epilepsy were found to

have problems in hyposexuality in one study [74].

Some investigations have demonstrated that sexual

function improves following temporal lobe surgery if

the surgery was successful in controlling the seizure

activity [75]. Extensive interconnections exist bet-

ween the limbic system and the hypothalamus via the

stria terminalis, the fornix and the median forebrain

bundle [76]. Seizure activity in the hippocampus and

other limbic areas had effects on neuroendocrinolo-

gical function in limbic stimulation studies [77, 78]. 

In a small cohort study, Morrell et al. measured geni-

tal blood flow during sexual arousal in men and

women with partial epilepsy of temporal origin

(TLE) [79]. The group of women consisted of nine

subjects with TLE and 12 normal controls. All sub-

jects completed standardized inventories including

the Beck Depression Inventory, the Sexual Behavior

Inventory, the Sexual Arousability Interview, and

The Sexual Anxiety Interview. Genital blood flow

(VPA) was measured using vaginal plethysmography

subjects during presentation of alternating three-

minute neutral and erotic video segments for 24

minutes. Women with TLE reported different imagi-

ned sexual activities as less arousing and more anxie-

ty-producing compared to controls. They also had

decreased genital blood flow in response to erotic sti-

muli compared to women without seizures. Subjecti-

ve scores of arousal were similar for both groups.  

This study demonstrates that patients with epilepsy

may have predisposing factors for sexual dysfunc-

tion. The small sample size and lack of correlation to

severity of disease (duration of condition, type of

medications, frequency of seizures) limit the fin-

dings of this study. However, it lends some insight to

the possibility of a true neurological etiology of

sexual dysfunction.

b) Hormones and Sexual Function Measurement

Sexual function is also dependent on the hormonal

status of the woman. Estrogens have several impor-

tant roles. They act as neruotrophic and psychotro-

phic primers of the central nervous system [80], are

responsible for primary and secondary sexual cha-

racteristics, and prime the sensory organs [81]. It is

likely that endocrine levels are related to sexual

functioning in a variety of ways and novel endocrine

agents are being developed to address this. Current-

ly there is significant controversy in the diagnoses

relevant for hormonal treatment and the measures of

estrogens and androgens in particular is considered

problematic. Until there are validated standards of

assay that are valid and reliable across laborato-

ries, and until there is more agreement on normati-

ve values, recommendations for outcome measure-

ment in clinical trials remain inconclusive [5, 82-

96].

• SUMMARY POINTS:

Several studies have been performed that sug-
gest that female sexual dysfunction is mediated
by vasculogenic, neurologic and endocrinologic
pathways that may occur naturally or as a
pathological state. To date, vaginal plethysmo-
graphy is the most widely studied method for
evaluating both vasculogenic and neurogenic
causes of sexual dysfunction. Doppler ultraso-
nography, laser Doppler velocimetry, vaginal
pH measurements, vaginal compliance measu-
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2. SELF-REPORT MEASURES OF SYMPTOMS AND

DISTRESS

Self-report measures of women’s sexual functioning

fall into three major categories: self-administered

questionnaires, daily diaries, and structured inter-

views. These measures have the advantage of provi-

ding standardized and cost-effective assessment of

past and current sexual functioning. Subject burden

is low. Perhaps most importantly, a goal of treatment

typically is improved sexual satisfaction, and self-

report measures are most capable of capturing this

important subjective aspect. 

A good standardized instrument should measure

multiple domains, include at least two items per

domain, have internal consistency (α) of at least 0.70

for all domains, and demonstrate test-retest reliabili-

ty at an interval of 2 to 4 weeks of at least 0.50 for

items that should display stability over time. Typi-

cally daily diaries and structured interviews have not

been subjected to these tests.

a) The Female Sexual Function Index (FSFI)

The Female Sexual Function Index (FSFI) is a 19-

item self-report questionnaire that yields a total score

as well as scores on 6 domains: desire, arousal, lubri-

cation, orgasm, satisfaction, and pain [14]. Internal

consistency and test-retest reliability are high for all

domains. The FSFI discriminates between clinical

and non-dysfunctional populations. The FSFI is

recommended for use in clinical trials when a rela-

tively brief, multidimensional self-report measure

of women’s sexual functioning is needed.  The

FSFI is in Appendix A.

b) Brief Index of Sexual Functioning for Women

(BISF-W)

The Brief Index of Sexual Functioning for Women

(BISF-W) [97, 98] was developed for use in large-

scale clinical trials and was patterned after the Brief

Sexual Functioning Questionnaire for men (BSFQ)

[99]. The 20-item scale yields an overall composite

score and 7 domain scores: sexual thoughts/desires,

arousal, frequency of sexual activity, receptivity/ini-

tiation, pleasure/orgasm, relationship satisfaction,

and problems affecting sexual function. The instru-

ment shows acceptable internal consistency for desi-

re and pleasure/orgasm dimensions but low internal

consistencies for the others; validity and sensitivity

to change have been demonstrated [100, 101].  

c) Sexual Function Questionnaire (SFQ)

This is a brief, multidimensional measure of

women’s sexual functioning developed for clinical

trials [102]. The 26 items assess seven domains of

women’s sexual functioning: desire, physical arou-

sal–sensation, physical arousal–lubrication, enjoy-

ment, orgasm, pain, and partner relationship. The

seven domains have been confirmed by factor analy-

sis. Internal consistency of the subscales is excellent

and test-retest reliability is moderate to good. The

scale shows excellent discriminant validity and sen-

sitivity to change. It has been developed and valida-

ted for 16 European languages and has been incor-

porated in clinical trials. The SFQ has been used in

clinical trials of the efficacy of sildenafil with

women [103], but otherwise has had limited use in

clinical trials.

The SFQ is new and thus has limited use in clinical

trials.  Its psychometrics arnd multilingual forms

make it an excellent questionnaire that would benefit

from more use in clinical trials and comparison to the

more widely used FSFI.

Occasionally other researcher-designed question-

naires appear in the literature and are called Sexual

Functioning Questionnaire or SFQ [104-106], but

are not the same as the SFQ discussed here.

rements, vaginal oxygen tension measure-
ments, and magnetic resonance imaging (MRI)
remain promising but with insufficient evalua-
tion for use as primary endpoints in Phase I
and II clinical trials. Similarly, quantitative
sensory testing shows promise but remain to be
fully validated and tested across samples. 

Limited evidence suggests that postmortem
histological tissue evaluation, cardiovascular
changes, skin conductance responses, finger
blood pulse activity and forehead temperatures
are less reliable or inappropriate for outcome
measures. 

Basic science research has not identified an
ideal animal model for future studies in female
sexual dysfunction. Despite tremendous grow-
th in this field over the last decade, future
research is warranted to confirm currently
held beliefs and observations. 

Continued testing and development of simple,
reproducible, non-invasive techniques will
prove vital to the future understanding of
sexual dysfunction in women.
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d) Changes in Sexual Functioning Questionnaire

(CSFQ)

This questionnaire is described by the authors as

optimally administered in an interview [107, 108],

and is therefore described below under interview

measures. A self-administered questionnaire is avail-

able when interviews are not possible.

e) Derogatis Interview for Sexual Functioning

(DISF/DISF-SR)

The Derogatis Interview for Sexual Functioning

(DISF)  is available in two formats: an interview for-

mat (reviewed below) and a self-report questionnai-

re format (DISF-SR) [109, 100]. The DISF-SR is

available in male and female forms; originally writ-

ten in English, it is also available in Danish, Dutch,

French, German, Italian, Norwegian, and Spanish.

Its 25 items assess 5 domains: sexual cognition and

fantasy, sexual arousal, sexual behavior and exper-

ience, orgasm, and sex drive and relationship. Norms

are available based on community samples. Test-

retest and internal consistency reliabilities are strong.

The DISF and DISF-SR are more recent versions of

the older Derogatis Sexual Function Inventory

(DSFI) [110], which contained 245 items and there-

fore was not suitable for clinical trials.

f) Index of Female Sexual Function (IFSF)

The IFSF was patterned after the widely accepted

International Index of Erectile Function (IIEF) deve-

loped for men [111]. It contains nine items and yields

a total score as well as scores in the following

domains: quality of sexual intercourse, desire, sexual

satisfaction, orgasm, lubrication, and sensation. Both

domain scores and total scores show acceptable test-

retest reliability.

g) Arizona Sexual Experience Scale (ASEX)

The ASEX was developed to be a very short (5-item)

scale [112]. It includes one item each on drive, arou-

sal, lubrication (female form), orgasm, and satisfac-

tion with orgasm. It is therefore impossible to com-

pute internal consistency reliability for each of these

domains, although ψ for the full scale is strong, 0.90.

This scale may be a good choice if only a very brief

instrument can be administered.

h) Female Sexual Distress Scale (FSDS)

The FSDS measures a slightly different outcome

from other questionnaires reviewed here [113]. Spe-

cifically, it targets personal distress experienced by

women related to sexual disorders. The 12-item scale

shows strong internal consistency (0.93) and test-

retest reliability (0.82) across 3 studies, and differen-

tiates between sexually functional and sexually dys-

functional women [113]. Because subjective distress

about sexual functioning is key to a diagnosis of

sexual dysfunction, this measure is recommended

for use in clinical trials in addition to the FSFI.

i) Female Intervention Efficacy Index (FIEI)

This 7-item scale, designed for use with trials of sil-

denafil, is unlike other questionnaires in that its goal

is to measure very immediate effects of medical

treatment [114]. Items are of the type: “After taking

the pill, my vaginal lubrication....”. Internal consis-

tency is strong. Face validity was established by a

panel of experts (Table 3).

3. DAILY DIARY AND EVENT LOGS

Self-report questionnaires always, to some extent,

tap retrospective accounts and therefore may be sub-

ject to memory errors or distortions [115]. Daily dia-

ries or event logs attempt to overcome this limitation

by asking the respondent to report on events close to

the time that they happen. This method has been

recommended by the U. S. Food and Drug Adminis-

tration [116], although the emphasis on frequency of

sexual activity is controversial [117]. Daily diaries

typically ask subjects to report sexual activity daily,

whereas event logs are completed only on days when

sexual events have occurred. 

The Female Sexual Encounter Profile (FSEP) was

developed for this purpose [118]. It consists of a 7-

item log completed for each sexual encounter, on

which the subject records the type of sexual activity,

desire, satisfaction with arousal, lubrication, orgasm,

arousal, and appropriateness of conditions. Data on

internal consistency, test-retest reliability, and validi-

ty are not available for this measure, as is typical for

diaries and event logs. Moreover, diary measures are

necessarily very brief because they must be comple-

ted repeatedly; therefore, they are highly restricted in

the scope of measurement and do not provide the

multidimensional assessment available with the best

self-administered questionnaires.

Michelson et al. [119] used researcher-designed

daily diaries in a clinical trial of mirtazapine, yohim-

bine, or olanzapine therapy for SSRI-induced sexual

dysfunction in women. No data on reliability were

reported. The diary measures did not detect diffe-

rences between treatment and control groups. Simi-

lar findings were reported by Michelson et al. [120].
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4. STRUCTURED INTERVIEWS

Compared with self-report questionnaires, structured

interviews provide the opportunity to develop rap-

port with the respondent. Interviews can potentially

elicit further detail and clarification about symptoms,

their primary or secondary nature, and the relation-

ship between symptoms and satisfaction. Whether

this format encourages more honest reporting of

sexual events is debatable. One study found that the

reporting of rape nearly doubled in face-to-face

interviews compared with a telephone interview

[121], but a study of risky sexual behavior among

gay men found that risky behavior was more likely to

be reported on the questionnaire than in the interview

[122]. Many experts believe that the combination of

a face-to-face interview to build rapport, with a

written questionnaire to ensure anonymity, is opti-

mal [123]. Given that most clinical trials involve cli-

nical, face-to-face interviews that already have built

rapport, questionnaires may then be best in promo-

ting honest responding and efficiency.

Structured interviews are costly because of inter-

viewer time. Therefore, they may not be appropriate

for large-scale clinical trials.

a) Derogatis Interview for Sexual Functioning

(DISF)

The DISF is the semi-structured interview version of

the self-report questionnaire, DISF-SR, discussed

above [109, 100]. It includes 25 questions tapping 6

domains: cognition/fantasy, arousal, sexual behavior,

orgasm, and drive/relationship and takes 15 to 20

min. to administer in interview format. Norms are

available. Reliability and validity are comparable to

the DISF-SR. Inter-rater reliability for the interview

form is high, 0.84 to 0.92 across the 5 domains.

b) Changes in Sexual Functioning Questionnaire

(CSFQ)

The CSFQ comprises 35 items for women and is

intended to be administered in interview format,

requiring 15-20 min. [107]. It assesses sexual desire,

pleasure, frequency, arousal, and orgasm. Test-retest

and internal consistency reliabilities are acceptable,

and the scale shows concurrent validity against the

DISF-SR. Norms are available, by gender, for

depressed patients, medical students, psychiatry resi-

dents, and nonpsychiatric outpatients [108].

c) Interviewer Rating of Sexual Function (IRSF)

This semi-structured interview involves standard

opening questions followed by probe questions as

necessary to allow the interviewer to rate the respon-

dent on a set of 10 items assessing sexual initiating,

arousal, orgasm, anxiety, vaginal dryness, pain, and

closeness to partner, as well as items tapping men’s

sexual concerns [124, 126]. It has been used with

women in clinical trials for treatment of antidepres-

sant-associated sexual dysfunctions [120]. 

5. PARTNER ASSESSMENTS

Partner assessments of sexual functioning may be

valuable in validating the patient’s self-assessment

for items that should manifest couple agreement,

such as frequency of intercourse, and are general-

ly acceptable to regulatory agencies for inclusion in

clinical trials. They cannot validate measures that

may not be known about or agreed upon by both

partners, such as frequency of masturbation or sub-

jective sexual desire. Although partner adaptations of

some measures of male sexual functioning have been

developed [127]), no validated measures have been

published for women’s sexual functioning, whether

the partner is male or female. Assessments for

partners of women with sexual dysfunction should

be developed.

6. QUALITY OF LIFE AND TREATMENT SATIS-
FACTION

Clinical trials may include measures of treatment

satisfaction and broad measures of quality of life as

secondary endpoints [128,129]. Most quality-of-life

measures are disease-specific, e.g., living with dia-

betes, and are therefore inappropriate in assessing

the effects of treatment for sexual dysfunctions.

Recently several measures have been developed that

are specific to sexual dysfunctions and measure

sexual quality of life. Generic measures of quality

of life are also available. Short measures of global

sexual satisfaction are available as one of several

dimensions assessed with the sexual functioning

inventories reviewed earlier; for example, the FSFI

contains a satisfaction subscale.

a) Index of Sexual Satisfaction (ISS)

The Index of Sexual Satisfaction (ISS) assesses satis-

faction in the respondent’s sexual relationship with

her partner [130, 131]. The 25-item questionnaire

shows excellent internal consistency and discrimi-

nant validity. A clinical cutoff score of 30 or more

indicates the presence of a clinically significant

degree of sexual discord in the relationship.

b) Fugl-Meyer Life Satisfaction Scale

This 8-item life satisfaction questionnaire was deve-
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loped to assess quality of life in clinical trials for

treatment of ED [132]. The questionnaire is worded

in a gender-neutral manner so that it should be equal-

ly useful in clinical trials with women. The scale dif-

ferentiated ED patients and controls and was sensiti-

ve to change with treatment. More recently it has

been used in clinical trials with women [8].

c) Satisfaction with Life Scale (SWLS)

Among the generic measures of quality of life or life

satisfaction is the Satisfaction with Life Scale

(SWLS), a 5-item generic scale that assesses satis-

faction with the respondent’s life as a whole [133]. It

shows excellent internal consistency and test-retest

reliability but has not yet been applied in clinical

trials of treatments for sexual dysfunctions. The

SWLS is recommended for use in clinical trials

when a general measure of quality of life is desired.

d) Quality of Life Inventory (QOLI)

Another generic quality of life scale is the Quality of

Life Inventory (QOLI) [134-135]. The 16-item self-

administered questionnaire assesses satisfaction or

dissatisfaction in 16 domains of life (e.g., love,

work). It shows strong internal consistency (0.77 to

0.89 in various samples) and test-retest reliability

(0.80 to 0.91). It is used widely in assessment and

treatment evaluation in managed care settings for

disorders such as depression and chemical depen-

dency [134].

Other generic measures [136] are too lengthy for

practical use in clinical trials and assess many

aspects – such as satisfaction with work — that are

unlikely to be affected by a sexual dysfunction or its

successful treatment.

Inclusion of quality of life measures raises methodo-

logical questions about how specific (narrow) or

broad the endpoints should be in assessing the effec-

tiveness of treatments. Certainly quality of life

should be a secondary endpoint, not a primary end-

point. If a treatment improves global quality of life,

the finding is impressive, but such a broad impact

may not be realistic for most treatments.

7. ADVERSE EVENT MONITORING/SAFETY

MONITORING

An important consideration in clinical trials of treat-

ments for sexual dysfunctions is the monitoring and

reporting of adverse outcomes and events. Methods

for assessment include self-report symptom check-

lists, interviews and daily diary or event logs. A

major advantage of symptom checklists is that they

can be standardized and used across trials of differ-

ent treatments; they are also cost-effective to admi-

nister. The advantage of interviews is that they can

capture unanticipated adverse events and can probe

for additional details. Because serious drug-related

adverse events are rare, most clinical trials have

insufficient statistical power to detect adverse

events. Monitoring of adverse events is a crucial

aspect of clinical trials.

The list of adverse events to be monitored will

depend to some extent on the treatment and its anti-

cipated side effects. For example, in one trial of

transdermal testosterone, the following were moni-

tored: hirsutism, acne, serum lipid concentrations,

fasting serum glucose concentrations, serum insulin

concentrations, blood counts, indicators of live func-

tion, and frequency of hot flashes [101]. Psychologi-

cal monitoring should include depression and anxie-

ty. Other adverse events that have been monitored

include somnolence, insomnia, weight gain, and

increased appetite [119]. Basic laboratory proce-

dures such as, kidney and liver function, and vital

signs need careful monitoring, as does ECG for some

studies.

Standardized checklists should be developed for the

monitoring of adverse events in the treatment of

women with sexual dysfunction. These checklists

should include a standardized core of adverse

events that can be monitored across many potential

treatments as well as a flexible section for events

that may be anticipated for a specific treatment.

A well-designed and carefully implemented study

protocol serves as a written agreement between the

investigator, the research participant and the scienti-

fic and regulatory community. It includes the goals

and objectives of the trial, research design and

methodology, plans for data analysis and overall

organization of the trial. Each section should be des-

cribed in detail with supplemental data or procedural

information contained in a protocol appendix or

manual of procedures. The protocol should be fully

developed prior to the trial initiation and remain

essential untagged except for minor updates or

amendments during the course of the trial. The pro-

tocol should be agreed to in writing by each investi-

gator and should be made available to all study per-

sonnel involved in the conduct of the trial. A copy of

V. PROTOCOL DESIGN AND 
IMPLEMENTATION
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the study protocol, investigator’s brochure and

informed consent statement should be submitted to

an Institutional Review Board for review and

approval and appropriate regulatory agency prior to

initiation of the trial.

The study protocol should be organized as follows:

1. TABLE OF CONTENTS

2. LIST OF ABBREVIATIONS AND ACRONYMS

3. SYNOPSIS OF PROTOCOL

4. BACKGROUND OF THE STUDY

This section provides a concise overview of the epi-

demiology and clinical significance of the problem,

alternative approaches to treatment, and the mecha-

nisms or cite of action of the treatment under study.

The need for a new therapeutic agent should be

addressed, as well as the potential advantages or

disadvantages of the study intervention. Also inclu-

ded in this section is a review of previous animal

safety or toxicology studies in addition to any avai-

lable pharmacokinetic and clinical data in humans.

5. STUDY OBJECTIVES

Each of the study objectives should be stated clearly

in advance. Primary and secondary objectives should

be delineated, as well as the response variables to be

measured in addressing each of these objectives. Any

planned sub-group analyses should be specified in

advance. The safety objectives of the study and

adverse event monitoring plans should be described

in this section. Although multiple objectives are pos-

sible, care should be taken not to overcomplicate the

study design or conduct of the trial. This can result in

excessive patient burden, diminished quality of data

collection and speculative data analyses. 

6. DESIGN OF THE STUDY

All aspects of the study design and procedures

should be described in detail. This includes the type

of design (crossover, parallel or mixed), blinding

procedures, type of treatment control, number and

sequencing of treatment periods, method of rando-

mization, pre-treatment or baseline assessment,

treatment interventions, and management of drop-

outs. Specific inclusion and exclusion criteria of

patient selection should be included and study end-

points defined. Procedures for interim analysis and

termination of the study should be specified. All

study procedures and visits should be described in

writing and listed in a flow-sheet or summary table.

The methods and procedures section should provide

detailed information for each study visit, specifying

all study procedures to be performed, the response

variables to be recorded at each visit, and the proper

order or sequencing of study procedures and data

collection. Standardized laboratory procedures (e.g.

ECG, blood sampling) should be employed unless

otherwise specified. Detailed instructions are espe-

cially important for in-clinic recording of genital res-

ponses (e.g., vaginal plethysmography/VSS proto-

cols), in order to optimize the quality of recording

and to ensure standardization of data collection

across sites. These instructions may be contained in

a protocol appendix or manual of procedures. The

use of concomitant medications should be carefully

monitored throughout the study and instruction pro-

vided for the recording and management of adverse

events (e.g. serious vs. non-serious; treatment related

vs. treatment unrelated). Clear criteria should be pro-

vided for withdrawal of patients from the study or

for study discontinuation. Periodic reviews of the

study by an independent data safety monitoring

board (DSMB) are frequently used in other clinical

trial areas (e.g. cancer, cardiovascular disease),

although these are as yet uncommon in clinical trials

of FSD. The role of the safety committee should be

clearly specified, if relevant. 

Finally, this section of the protocol should contain a

clear description of the study materials. The test

article (e.g. drug tablet, solution) should be described

in terms of its physical and chemical properties, for-

mulation, and packaging. The stability of the formu-

lation and specific requirements for storage and

handling should be included. Information on dosage
and administration of both active medication and

control (e.g. placebo) is necessary, including unit

dose, frequency of dosing, patient instructions, and

labeling. The protocol should also specify the inves-

tigator’s responsibilities in recording the receipt, dis-

pensing, and return of the study medications.

7.   ADMINISTRATIVE CONSIDERATIONS

Issues related to the protection of subjects’ rights,

monitoring and documentation of the study conduct,

maintenance and retention of study records, and

publication policies are all covered in detail in this

section. A clear description should be provided of the

level of patient confidentiality to be observed.

Access to the study records by the sponsor, Institu-

tional Review Board (IRB), DSMB, regulatory agen-
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cy or others should be clearly specified. Also, the

terms of confidentiality between the sponsor and the

investigator should be defined.

A separate section should be addressed to the role of

the IRB and the procedures to be followed in obtain-

ing informed consent. A copy of the actual informed

consent statement should be included as an appendix

to the protocol.  

• SUMMARY POINTS:

Although a detailed discussion of these methods is

beyond the scope of this chapter, some general com-

ments and recommendations can be made. To a large

degree, the type of statistical model employed

depends upon the nature of the research design (e.g.,

parallel, between-group vs. counterbalanced, crosso-

ver design) and the response variables being analy-

zed (e.g., continuous vs. dichotomous variables).

Given the large number of statistical issues and

data analysis considerations, it is essential that a

qualified biostatistician be involved in the design

and analysis of all clinical trials in FSD. In the

data analysis phase, efforts should be made to

ensure the statistician is either independent or

blinded to the identification of treatment group

assignments. 

Sample power should be calculated in advance,

using the best available estimates of the means and

variances of the primary efficacy variables, and

anticipated changes associated with treatment.

Sample power for Phase III trials is traditionally

based on estimates of efficacy, not safety. In this

respect, studies usually are not adequately powered

for detection of low-frequency safety problems.

Standard formulae are available for the computation

of sample power for a clinical trial.

Sample size considerations for Phase II Studies.

Phase II studies are normally designed according to

the two stage designs of Simon [137, 138], which are

based upon deciding between acceptable and unac-

ceptable response proportions. If the response pro-

portion is high, (i.e. acceptable), then the treatment

will be considered for further study. If the response

proportion is low then the treatment will not be

considered for further study. Often these studies

recruit in the region of 25-50 patients with about 15-

25 in the first stage and the remainder in the second

stage. If the proportion of patients in the first stage

responding to the therapy is sufficiently low as to

make it highly unlikely that the proportion of

patients responding is at the acceptable level then the

study is terminated early. This means that potentially

poor treatments are stopped early. If the proportion

of patients in the first stage responding to the thera-

py is sufficiently high then the second stage subjects

are recruited and a decision made at the end of the

study. As Phase II studies have a small number of

patients it is generally best to use exact statistical

methods to analyze them: Examples are StatXact

[139] and LogXact [140].

It is possible to design Phase II trials taking into

account both toxicity and treatment response using

methodology in Bryant and Day [141]. The sample

sizes for the combination of treatment response and

toxicity will be larger because you are taking two

factors into consideration. Such designs have a

mechanism for stopping the study should the toxici-

ty prove to be too high even if the treatment respon-

se is adequate.

Sample size considerations for Phase III Studies.

Phase III studies are used to compare at least one

treatment with a placebo control group or two or

VI.   DATA ANALYSIS AND 
REPORTING OF RESULTS

The study protocol is a written agreement be-
tween the investigator, the research subject, the
regulators, and the scientific community. It
includes the goals and objectives of the study,
research design and methodology, plans for
data analysis, and overall organization of the
trial. The study protocol should be fully deve-
loped and agreed upon prior to initiation of the
trial.

Essential features of the protocol include the
background, study objectives, design and
methods, and administrative considerations.
Each of these sections should be completed in a
clear and detailed fashion, with the entire pro-
tocol being reviewed by the sponsor, the Insti-
tutional Review Board, and the relevant regu-
latory agency.

Investigators should adhere to the study proto-
col as closely as possible throughout the
conduct of the trial. Procedures should be spe-
cified in advance for monitoring of the trial,
and for maintenance and retention of all study
documents. Publication plans and policies
should also be clearly specified.

666



more active treatment groups with each other. It is

now common to see Phase III studies arranged in a

two by two factorial design with the intention of

investigating the interaction between two treatments

but the classic study compares one new treatment

with a placebo group. In FSD studies, there are no

approved medications so that placebo control com-

parisons to new treatments are required in clinical

trials. Assignment of patients to treatment group

should be double blinded wherever possible and

always randomized.

There are well-established statistical procedures for

the design and analysis of Phase III studies and there

is no excuse for an underpowered Phase III study

without a clearly defined protocol and analysis plan.

There are sample size formula for all of the common

endpoints, measurements, repeated measures, pro-

portions, and survival [142, 143]. Many trials are

now designed to establish equivalence and these

require special methods in the calculation of the

power  [144]. Many of these techniques are included

in good sample size calculation software such as

NQuery Advisor  [145]. In the design of these studies

it is important to use realistic values for the anticipa-

ted treatment effect and standard deviation of the re-

sponse measure. Many studies turn out to be under-

powered because the initial expectations about the

treatment effects were much too optimistic. 

All subjects randomized to treatment or control

conditions should be included in an “intention-to-

treat” analysis, in which data from dropouts or with-

drawals are included in the final analysis of treat-

ment outcome [146]. This general rule should not be

applied to the assessment of adverse events, howe-

ver, where it may be preferable to report the fre-

quency of side effects only among those who actual-

ly received the treatment. Covariate adjustments of

stratification techniques can be used to control for

differences between the study groups in baseline

levels of functioning or demographic characteris-

tics (e.g. age, socioeconomic status, race/ethnicity,

duration of illness), although covariance analysis

should be performed only when specific statistical

assumptions are met. A limited number of sub-

group analyses may be conducted, paying careful

attention to the potential lack of power and possibi-

lity of Type II errors associated with these analyses.

Assessing the magnitude of treatment effects is

potentially difficult in FSD trials with so few Phase

III studies having been done that test new agents.

Effect size calculations can be used to provide a sta-

tistical estimate of the magnitude of treatment

effects, although this approach is uncommon in FSD

trials. Rather, it is more common to report the

magnitude of treatment effects in terms of percen-

tages of responders in the active compared to

control groups. Such comparisons involve changes

in scores on questionnaires, sub-scales of question-

naire, or selected questions from a daily diary.

However, an alternative is simply comparing re-

sponses from baseline on standardized question-

naires, an approach that is necessary when defining a

“responder” cannot easily be establishedFor

example, in a multicenter trial of transdermal testos-

terone, the primary endpoints were the composite

score on the BISF and the overall sexual frequency

index from the telephone based daily diary, and

secondary endpoints were BISF subscales and a

general well-being index [101]. Changes from

baseline were compared for placebo and control

conditions. 

Unfortunately, normative population data are lac-

king to establish response criteria for adequate

sexual functioning at each age group. In the absen-

ce of such data, and until more of the complexities of

diagnostic comorbidity or simply categorical overlap

are further sorted out for FSD, continued disagree-

ment on the definition of a treatment responder is

likely. One approach to this problem is to report

several measures of treatment efficacy, including

both quantitative (e.g. number of satisfying sexual

encounters) and qualitative (e.g. global satisfaction)

indices. This allows for a more comprehensive

assessment of the magnitude and consistency of

treatment effects. 

Several points should be closely attended to in the

final report preparation and publication of all clini-

cal trials. These are briefly as follows:

1. Authors should be selected for inclusion based

solely on their contributions to the study design,

conduct, analysis and write-up. Individuals who

have not participated substantially in one or

more of these aspects of the study should not be

listed as authors on the final publication.

2. Full disclosure and acknowledgment should be

made of the source of funding for the study. Addi-

tionally, potential conflicts of interest for each of

the study authors or investigators should be

clearly acknowledged.

3. A complete description of the study methods and

procedures is essential, including a detailed de-

scription of the inclusion and exclusion criteria,

patient selection and screening procedures, effica-
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cy and safety assessments, and treatment protocol.

A table of visits and procedures should be inclu-

ded.

4. Complete reporting of all statistical procedures

and data analyses is necessary. This includes the

level of independence and/or blinding of the sta-

tistician. The final report should clearly indicate

negative, as well as positive findings in the study.

Statistical corrections should be made when

multiple analyses are reported. When possible,

effect size calculations should be included.

5. Potential limitations and weaknesses of the study

should be carefully considered in the Discussion.

This section of the report should also consider the

clinical implications of the study and relevance of

the findings to the broader development of the

field.

• SUMMARY POINTS:

Patient rights and protections in clinical trials are

specified in the International Ethical Guidelines for

Biomedical Research Involving Human Subjects

[147]. This declaration specifies that the health of the

patient should be the primary concern of physicians

doing clinical research. The purpose of biomedical

research is to improve on clinical practice. Thus a

physician or other healthcare investigator in clinical

research would attempt to improve public health

concerns without compromising the health of the

individual and the potential benefits of a study have

to be weighed against the risks to individual partici-

pating in the investigation. Ethical principles of the

Declaration of Helsinki are particularly important

in studies of compounds designed to improve the

quality of life such as sexual dysfunction.

Specific issues of importance concern: informed

consent, trial design, patient safety, and patient

confidentiality. Informed consent is an ongoing

process throughout the study and the investigator is

responsible for making certain that the subject is

fully informed and understands all aspects of the

study and that the subject is always aware of the right

to withdraw from the study at any time. In studies

requiring partner participation in order to com-

plete study endpoints, the sexual partner should

also sign an informed consent. Minors and patients

who are mentally incompetent are not suitable

subjects. Also not suitable are individuals who are

coerced into participating by family members. The

subject should fully comprehend the nature of the

medication and placebo condition; specifically, that

the compound being tested is experimental and may

or may not have a beneficial impact on the sexual

complaint being studied.

Patient safety is partially assured by requiring that all

studies be reviewed by an independent bio-ethical

committee, such as an accredited institutional review

board, in accordance with state and federal laws

where the study is performed. There should always

be a balance between the potential value of the study

to the public and protection of individual patient

safety. In quality of life studies, the risk to the

patient should be very low.

VII.  ETHICAL AND CLINICAL
ISSUES RELATED TO SEXUAL

DYSFUNCTION RESEARCH

Due to the number of statistical and data ana-
lysis issues, a qualified biostatistician should be
involved in the design and analysis of all clini-
cal trials. Specific issues include the calculation
of sample power for the trial, type of statistical
model and design to be employed, use of cova-
riate or sub-group analyses, and calculation of
effect sizes.

Although most trials in men report the number
of treatment responders following treatment,
disagreement exists at present concerning the
criteria and appropriate definition of a treat-
ment responder in trials with women.

Key considerations in the preparation and
publication of clinical trial data have been
identified. These include criteria for author-
ship, disclosure of financial support and
conflicts of interest, degree of independence of
data analyst and complete reporting of the
study methods and findings. The limitations
and weaknesses of the study should also be
clearly identified.
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Patient privacy and confidentiality must be respected

and safeguarded at all times. There should always be

protection of personal or health information that

might identify an individual patient. Consent forms

should explicitly state the extent and limitations of

confidentiality and privacy. 

Findings of clinical trials in FSD should be published

in peer-review literature as well as being made publi-

cly available following regulatory review. The ulti-

mate objective of clinical trials, particularly in a

new area of medical research like FSD diagnoses,

is to impact the clinical care options of the patient.

As such the design of the research protocols should

have maximum relevance to the practicing clinician,

with regard to clarity if not breadth of selection cri-

teria and endpoints readily translated into clinically

meaningful terms. Clinical research is a dynamic

enterprise, requiring experimental testing and

ongoing evaluation in the context of clinical prac-

tice. Clinical trials in FSD have not yet achieved this.

• SUMMARY POINTS:

Clinical trials in FSAD, HSDD require the use of the

highest standards of trial designs, the best available

outcome measures and careful statistical expertise.

Based on the issues considered in the chapter, the

following recommendations can be made:

1. Novel drugs or devices for the treatment of
women’s sexual dysfunctions should be sys-
tematically evaluated through a comprehensive
series of Phase I though IV clinical trials. The
overall safety and efficacy of new agents must
be carefully evaluated before regulatory appro-
val is granted and the treatment enters wide-
spread clinical use.

2. Generally, crossover designs are recommended
in early phase Phase I or II studies. Parallel or
combination parallel-crossover designs are
preferred in Phase III and IV trials. It is pos-
sible that some agents are more subject to cros-
sover effects and extra care should be taken
when this is the case. Post treatment analyses
should compare the active agent to the placebo
(or comparison agent, if applicable) and to the
baseline levels of functioning on a particular
endpoint. 

3. Study populations should be carefully defined,
taking hormonal status, mood, and (for Phase
III studies) relationship factors into account.
Inclusion criteria should clearly define the
condition under study, including duration and
severity of the disorder, and a level of distress
regarding the symptoms. Exclusion criteria
should provide adequate safeguards against
unnecessary risk of exposure in the study
population. Special population studies are
recommended to evaluate drug efficacy and
safety in selected sub-populations (e.g., spinal
cord injury, patients on anti-depressants).

4. Efficacy and safety endpoints are specified in
advance. Recommended efficacy endpoints
include self-report questionnaires (e.g., FSFI),
patient and partner diaries (none currently
validated), and objective measures of vasocon-
gestive or neurogenic function (thus far more
appropriate for Phase I and II trials). Patient

VIII.     FINAL RECOMMENDA-
TIONS FOR CLINICAL TRIAL

DESIGN AND OUTCOMES 
ASSESSMENT FOR WOMEN’S

SEXUAL DYSFUNCTIONS

Clinical trials in FSD should always be conduc-
ted in accordance with the highest ethical and
clinical standards as specified in the Helsinki
Declaration.

All clinical trials should be subject to the
approval of an independent IRB, constituted
according to the laws and regulations of the
host country.

There must be a careful balance between the
potential benefits and risks to the individual
patient. Patients must be fully informed about
the study, its risks and discomforts and its
benefits. Consent should be freely given
without compromising patient’s access to
healthcare or further research involvement.
Confidentiality must be protected to the fullest
extent permitted by the law.

Findings from clinical research in FSD must be
made available in a form that is practically and
clinically useful.
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satisfaction, quality of life measures, and part-
ner reports on couple sexual activities are
valuable information for Phase III and IV cli-
nical trials. 

5. Adverse events should be carefully monitored
with symptom checklists or structured patient
interviews. Adverse events should be classified
according to severity and should be judged as
treatment- related or treatment-unrelated by
the investigator. Long term monitoring of
adverse events, side effects and laboratory
parameters is critically important in assessing
the overall safety of new treatment agents. 

6. A detailed study protocol should be developed
and agreed upon by the sponsor, the investiga-
tor, the institutional review board, and the rele-
vant regulatory agencies prior to initiation of
the study. The study protocol should include a
complete description of the background and
study objectives, design and methods, plans for
data analysis and overall organization of the
trial. All aspects of the protocol should be
strictly adhered to in the ongoing conduct of
the study.

7. A qualified biostatistician, preferably indepen-
dent to the study, should be involved in the
design and analysis of all clinical trials in FSD.
The definition of a treatment responder is only
beginning to be identified for FSAD and
FHSDD. At this time in the specification of
treatment response variables, multiple data
sources may be needed to measure changes in
symptoms and satisfaction. Findings of clinical
trials of FSD should be accurately reported,
and investigators should make full disclosure
regarding financial relationships with the
study sponsor and sources of study funding.

8. All clinical trials should be conducted in accor-
dance with standards of Good Clinical Practice
and accordance with ethical principles concer-
ning human subjects as specified in the Helsin-
ki Declaration. All clinical trials should also be
approved and monitored by an accredited
independent human rights/ethics committee
(IRB). Patients must be fully informed about
the nature of the study, the potiential for risks
and hazards involved and the limits of confi-
dentiality. Confidentiality should be protected
to the fullest extent permitted by the law. The
findings from clinical research should be dis-
seminated in a form that is accurate and
clinically useful to the physicians, health care
providers, patients and society at large.
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ADVERSE REACTION: (Adverse Event.) An unwanted

effect caused by the administration of drugs. Onset may be

sudden or develop over time 

APPROVED DRUGS: In the U.S., the Food and Drug

Administration (FDA) must approve a substance as a drug

before it can be marketed. The approval process involves

several steps including pre-clinical laboratory and animal stu-

dies, clinical trials for safety and efficacy, filing of a New

Drug Application by the manufacturer of the drug, FDA

review of the application, and FDA approval/rejection of

application. 

ARM: Any of the treatment groups in a randomized trial.

Most randomized trials have two “arms,” but some have three

“arms,” or even more. 

BASELINE: 1. Information gathered at the beginning of a

study from which variations found in the study are measured.

2. A known value or quantity with which an unknown is com-

pared when measured or assessed. 3. The initial time point in

a clinical trial, just before a participant starts to receive the

experimental treatment which is being tested. At this referen-

ce point, measurable values such as CD4 count are recorded.

Safety and efficacy of a drug are often determined by moni-

toring changes from the baseline values. 

BIAS: When a point of view prevents impartial judgment on

issues relating to the subject of that point of view. In clinical

studies, bias is controlled by blinding and randomization. 

BLIND: A randomized trial is “Blind” if the participant is not

told which arm of the trial he is on. A clinical trial is “Blind”

if participants are unaware on whether they are in the experi-

mental or control arm of the study; also called masked.

CLINICAL: Pertaining to or founded on observation and

treatment of participants, as distinguished from theoretical or

basic science. 

CLINICAL INVESTIGATOR: A medical researcher in

charge of carrying out a clinical trial’s protocol. 

CLINICAL TRIAL: A clinical trial is a research study to

answer specific questions about vaccines or new therapies or

new ways of using known treatments. Clinical trials (also cal-

led medical research and research studies) are used to deter-

mine whether new drugs or treatments are both safe and effec-

tive. Carefully conducted clinical trials are the fastest and

safest way to find treatments that work in people. Trials are in

four phases: Phase I tests a new drug or treatment in a small

group; Phase II expands the study to a larger group of people;

Phase III expands the study to an even larger group of people;

and Phase IV takes place after the drug or treatment has been

licensed and marketed. 

CONFIDENTIALITY REGARDING TRIAL PARTICI-
PANTS: Refers to maintaining the confidentiality of trial par-

ticipants including their personal identity and all personal

medical information. The trial participants consent to the use

of records for data verification purposes should be obtained

prior to the trial and assurance must be given that confiden-

tiality will be maintained. 

CONTROL: A control is the nature of the intervention

control. 

CONTROL GROUP: The standard by which experimental

observations are evaluated. In many clinical trials, one group

of patients will be given an experimental drug or treatment,

while the control group is given either a standard treatment

for the illness or a placebo. 

CONTROLLED TRIALS: Control is a standard against

which experimental observations may be evaluated. In clin-

ical trials, one group of participants is given an experimental

drug, while another group (i.e., the control group) is given

either a standard treatment for the disease or a placebo. 

DATA SAFETY AND MONITORING BOARD (DSMB):
An independent committee, composed of community repre-

sentatives and clinical research experts, that reviews data

while a clinical trial is in progress to ensure that participants

are not exposed to undue risk. A DSMB may recommend that

a trial be stopped if there are safety concerns or if the trial

objectives have been achieved. 

DOSE-RANGING STUDY: A clinical trial in which two or

more doses of an agent (such as a drug) are tested against each

other to determine which dose works best and is least harm-

ful. 

DOUBLE-BLIND STUDY: A clinical trial design in which

neither the participating individuals nor the study staff knows

which participants are receiving the experimental drug and

which are receiving a placebo (or another therapy). Double-

blind trials are thought to produce objective results, since the

expectations of the doctor and the participant about the expe-

rimental drug do not affect the outcome; also called double-

masked study. 

EFFICACY: (of a drug or treatment). The maximum ability

of a drug or treatment to produce a result regardless of

dosage. A drug passes efficacy trials if it is effective at the

dose tested and against the illness for which it is prescribed.

In the procedure mandated by the FDA, Phase II clinical trials

gauge efficacy, and Phase III trials confirm it. 

ELIGIBILITY CRITERIA: Summary criteria for partici-

pant selection; includes Inclusion and Exclusion criteria. 

EMPIRICAL: Based on experimental data, not on a theory. 

ENDPOINT: Overall outcome that the protocol is designed

to evaluate.  

EXPERIMENTAL DRUG: A drug that is not FDA licensed

for use in humans, or as a treatment for a particular condition. 

FOOD AND DRUG ADMINISTRATION (FDA): The U.S.

Department of Health and Human Services agency respon-

sible for ensuring the safety and effectiveness of all drugs,

biologics, vaccines, and medical devices, including those

used in the diagnosis, treatment, and prevention of HIV infec-

tion, AIDS, and AIDS-related opportunistic infections. The

FDA also works with the blood banking industry to safeguard

the nation’s blood supply. 

HYPOTHESIS: A supposition or assumption advanced as a

GLOSSARY OF KEY TERMS
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basis for reasoning or argument, or as a guide to experimen-

tal investigation. 

INCLUSION/EXCLUSION CRITERIA: The medical or

social standards determining whether a person may or may

not be allowed to enter a clinical trial. These criteria are based

on such factors as age, gender, the type and stage of a dis-

ease, previous treatment history, and other medical

conditions. It is important to note that inclusion and exclusion

criteria are not used to reject people personally, but rather to

identify appropriate participants and keep them safe. 

IND (INVESTIGATIONAL NEW DRUG): A new drug,

antibiotic drug, or biological drug that is used in a clinical

investigation. It also includes a biological product used in

vitro for diagnostic purposes. 

INFORMED CONSENT: The process of learning the key

facts about a clinical trial before deciding whether or not to

participate. It is also a continuing process throughout the

study to provide information for participants. To help some-

one decide whether or not to participate, the doctors and

nurses involved in the trial explain the details of the study. 

INSTITUTIONAL REVIEW BOARD (IRB): 1. A commit-

tee of physicians, statisticians, researchers, community advo-

cates, and others that ensures that a clinical trial is ethical and

that the rights of study participants are protected. All clinical

trials in the U.S. must be approved by an IRB before they

begin. 2. Every institution that conducts or supports biomedi-

cal or behavioral research involving human participants must,

by federal regulation, have an IRB that initially approves and

periodically reviews the research in order to protect the rights

of human participants. 

INTENT TO TREAT: Analysis of clinical trial results that

includes all data from participants in the groups to which they

were randomized even if they never received the treatment. 

NEW DRUG APPLICATION (NDA): An application sub-

mitted by the manufacturer of a drug to the FDA - after clini-

cal trials have been completed - for a license to market the

drug for a specified indication. 

PEER REVIEW: Review of a clinical trial by experts cho-

sen by the study sponsor. These experts review the trials for

scientific merit, participant safety, and ethical considerations. 

PHARMACOKINETICS: The processes (in a living or-

ganism) of absorption, distribution, metabolism, and

excretion of a drug or vaccine. 

PHASE I TRIALS: Initial studies to determine the metabo-

lism and pharmacologic actions of drugs in humans, the side

effects associated with increasing doses, and to gain early evi-

dence of effectiveness; may include healthy participants

and/or patients. 

PHASE II TRIALS: Controlled clinical studies conducted to

evaluate the effectiveness of the drug for a particular indica-

tion or indications in patients with the disease or condition

under study and to determine the common short-term side

effects and risks. 

PHASE III TRIALS: Expanded controlled and uncontrolled

trials after preliminary evidence suggesting effectiveness of

the drug has been obtained, and are intended to gather addi-

tional information to evaluate the overall benefit-risk rela-

tionship of the drug and provide and adequate basis for phy-

sician labeling. 

PHASE IV TRIALS: Post-marketing studies to delineate

additional information including the drug’s risks, benefits,

and optimal use. 

PLACEBO: A placebo is an inactive pill, liquid, or powder

that has no treatment value. In clinical trials, experimental

treatments are often compared with placebos to assess the

treatment’s effectiveness. In some studies, the participants in

the control group will receive a placebo instead of an active

drug or treatment. No sick participant receives a placebo if

there is a known beneficial treatment. 

PLACEBO CONTROLLED STUDY: A method of investi-

gation of drugs in which an inactive substance (the placebo)

is given to one group of participants, while the drug being

tested is given to another group. The results obtained in the

two groups are then compared to see if the investigational

treatment is more effective in treating the condition. 

PLACEBO EFFECT: A physical or emotional change,

occurring after a substance is taken or administered, that is

not the result of any special property of the substance. The

change may be beneficial, reflecting the expectations of the

participant and, often, the expectations of the person giving

the substance. 

PRECLINICAL: Refers to the testing of experimental drugs

in the test tube or in animals - the testing that occurs before

trials in humans may be carried out. 

PROTOCOL: A study plan on which all clinical trials are

based. The plan is carefully designed to safeguard the health

of the participants as well as answer specific research ques-

tions. A protocol describes what types of people may partici-

pate in the trial; the schedule of tests, procedures, medica-

tions, and dosages; and the length of the study. While in a

clinical trial, participants following a protocol are seen

regularly by the research staff to monitor their health and to

determine the safety and effectiveness of their treatment. 

QUALITY OF LIFE TRIALS (or Supportive Care trials):
Refers to trials that explore ways to improve comfort and qua-

lity of life for individuals with a chronic illness. 

RANDOMIZATION: A method based on chance by which

study participants are assigned to a treatment group. Rando-

mization minimizes the differences among groups by equally

distributing people with particular characteristics among all

the trial arms. The researchers do not know which treatment

is better. From what is known at the time, any one of the treat-

ments chosen could be of benefit to the participant. 

RANDOMIZED TRIAL: A study in which participants are

randomly (i.e., by chance) assigned to one of two or more

treatment arms of a clinical trial. Occasionally placebos are

utilized. 

RISK-BENEFIT RATIO: The risk to individual participants

versus the potential benefits. The risk/benefit ratio may differ

depending on the condition being treated. 

SIDE EFFECTS: Any undesired actions or effects of a drug

or treatment. Negative or adverse effects may include head-
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ache, nausea, hair loss, skin irritation, or other physical pro-

blems. Experimental drugs must be evaluated for both imme-

diate and long-term side effects. 

SINGLE-BLIND STUDY: A study in which one party,

either the investigator or participant, is unaware of what

medication the participant is taking; also called single-mask-

ed study. 

STANDARD TREATMENT: A treatment currently in wide

use and approved by the FDA, considered to be effective in

the treatment of a specific disease or condition. 

STANDARDS OF CARE: Treatment regimen or medical

management based on state of the art participant care. 

STATISTICAL SIGNIFICANCE: The probability that an

event or difference occurred by chance alone. In clinical

trials, the level of statistical significance depends on the num-

ber of participants studied and the observations made, as well

as the magnitude of differences observed. 

STUDY ENDPOINT: A primary or secondary outcome used

to judge the effectiveness of a treatment. 

STUDY TYPE: The primary investigative techniques used in

an observational protocol; types are Purpose, Duration, Selec-

tion, and Timing. 

TOXICITY: An adverse effect produced by a drug that is

detrimental to the participant’s health. The level of toxicity

associated with a drug will vary depending on the condition

which the drug is used to treat. 

TREATMENT IND: IND stands for Investigational New

Drug application, which is part of the process to get approval

from the FDA for marketing a new prescription drug in the

U.S. It makes promising new drugs available to desperately ill

participants as early in the drug development process as pos-

sible. Treatment INDs are made available to participants be-

fore general marketing begins, typically during Phase III stud-

ies. To be considered for a treatment IND a participant cannot

be eligible to be in the definitive clinical trial. 

TREATMENT TRIALS: Refers to trials which test new

treatments, new combinations of drugs, or new approaches to

surgery or radiation therapy.
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Female Sexual Function Index (FSFI) ©

Subject Identifier ___________________________________   

Date ______________________

INSTRUCTIONS: These questions ask about your sexual feelings and responses during the past 4 weeks.  Please

answer the following questions as honestly and clearly as possible.  Your responses will be kept completely confi-

dential.  In answering these questions the following definitions apply:

Sexual activity can include caressing, foreplay, masturbation and vaginal intercourse.

Sexual intercourse is defined as penile penetration (entry) of the vagina.

Sexual stimulation includes situations like foreplay with a partner, self-stimulation (masturbation), or sexual fanta-

sy.

CHECK ONLY ONE BOX PER QUESTION.

Sexual desire or interest is a feeling that includes wanting to have a sexual experience, feeling receptive to a part-

ner’s sexual initiation, and thinking or fantasizing about having sex.

1. Over the past 4 weeks, how often did you feel sexual desire or interest?

5 Almost always or always

4 Most times (more than half the time)

3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never

2. Over the past 4 weeks, how would you rate your level (degree) of sexual desire or interest?

5 Very high

4 High

3 Moderate

2 Low

1 Very low or none at all

Sexual arousal is a feeling that includes both physical and mental aspects of sexual excitement.  It may 

include feelings of warmth or tingling in the genitals, lubrication (wetness), or muscle contractions.

3. Over the past 4 weeks, how often did you feel sexually aroused (“turned on”) during sexual activity or

intercourse?

0 No sexual activity

5 Almost always or always

4 Most times (more than half the time)

3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never



4. Over the past 4 weeks, how often would you rate your level of sexual arousal (“turn on”) during sexual

activity or intercourse?

0 No sexual activity

5 Very high

4 High

3 Moderate

2 Low

1 Very low or none at all

5. Over the past 4 weeks, how confident were you about becoming sexually aroused during sexual activity

or intercourse?

0 No sexual activity

5 Very high confidence

4 High confidence

3 Moderate confidence

2 Low confidence

1 Very low or no confidence

6. Over the past 4 weeks, how often have you been satisfied with your arousal (excitement) during sexual

activity or intercourse?

0 No sexual activity

5 Almost always or always

4 Most times (more than half the time)

3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never

7. Over the past 4 weeks, how often did you become lubricated (“wet”) during sexual activity or

intercourse?

0 No sexual activity

5 Almost always or always

4 Most times (more than half the time)

3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never

8. Over the past 4 weeks, how difficult was it to become lubricated (“wet”) during sexual activity or inter-

course?

0 No sexual activity

1 Extremely difficult or impossible

2 Very difficult

3 Difficult

4 Slightly difficult

5 Not difficult

9. Over the past 4 weeks, how often did you maintain your lubrication (“wetness”) until completion of

sexual activity or intercourse?

0 No sexual activity

5 Almost always or always

4 Most times (more than half the time)
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3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never

10. Over the past 4 weeks, how difficult was it to maintain your lubrication (“wetness”) until completion of

sexual activity or intercourse?

0 No sexual activity

1 Extremely difficult or impossible

2 Very difficult

3 Difficult

4 Slightly difficult

5 Not difficult

11. Over the past 4 weeks, when you had sexual stimulation or intercourse, how often did you reach orgasm

(climax)?

0 No sexual activity

5 Almost always or always

4 Most times (more than half the time)

3 Sometimes (about half the time)

2 A few times (less than half the time)

1 Almost never or never

12. Over the past 4 weeks, when you had sexual stimulation or intercourse, how difficult was it for you to

reach orgasm (climax)?

0 No sexual activity

1 Extremely difficult or impossible

2 Very difficult

3 Difficult

4 Slightly difficult

5 Not difficult

13. Over the past 4 weeks, how satisfied were you with your ability to reach orgasm (climax) during sexual

activity or intercourse?

0 No sexual activity

5 Very satisfied

4 Moderately satisfied

3 About equally satisfied and dissatisfied

2 Moderately dissatisfied

1 Very dissatisfied

14. Over the past 4 weeks, how satisfied have you been with the amount of emotional closeness during

sexual activity between you and your partner?

0 No sexual activity

5 Very satisfied

4 Moderately satisfied

3 About equally satisfied and dissatisfied

2 Moderately dissatisfied

1 Very dissatisfied
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15. Over the past 4 weeks, how satisfied have you been with your sexual relationship with your partner?

5 Very satisfied

4 Moderately satisfied

3 About equally satisfied and dissatisfied

2 Moderately dissatisfied

1 Very dissatisfied

16. Over the past 4 weeks, how satisfied have you been with your overall sexual life?

5 Very satisfied

4 Moderately satisfied

3 About equally satisfied and dissatisfied

2 Moderately dissatisfied

1 Very dissatisfied

17. Over the past 4 weeks, how often did you experience discomfort or pain during vaginal penetration?

0 Did not attempt intercourse

1 Almost always or always

2 Most times (more than half the time)

3 Sometimes (about half the time)

4 A few times (less than half the time)

5 Almost never or never

18. Over the past 4 weeks, how often did you experience discomfort or pain following vaginal penetration?

0 Did not attempt intercourse

1 Almost always or always

2 Most times (more than half the time)

3 Sometimes (about half the time)

4 A few times (less than half the time)

5 Almost never or never

19. Over the past 4 weeks, how would you rate your level (degree) of discomfort or   

pain during or following vaginal penetration?

0 Did not attempt intercourse

1 Very high

2 High

3 Moderate

4 Low

5 Very low or none at all

Thank you for completing this questionnaire.

Copyright  ©2000   All Rights

Outcome Assessments

The Female Sexual Function Index (FSFI)
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THE SEXUAL RESPONSE CYCLE

The sexual response cycle in men and women

includes the basic stages of sexual desire, arousal

and orgasm. Understanding of the neurobiology and

psychophysiology of these fundamental phases or

aspects of sexual response has advanced dramatical-

ly since the early studies of Masters and Johnson

(1966, 1970).  A review of the early studies is beyond

the scope of the present volume. This chapter will

address recent studies of the physiological and

pathophysiological processes in women’s sexual

dysfunction; the corresponding mechanisms and

physiological processes in men are described in

Chapters XX, XX    Dramatic advances have occur-

red in our understanding of the neurochemical and

hormonal meachanisms of sexual response. Many of

these advances are based on animal models, although

human studies are being reported with increasing fre-

quency. The latter portion of the chapter includes an

overview of these new and exciting areas of reasear-

ch. Following the principles of the International

Consultation, criteria of evidence-based medicine

were applied rigorously in the evaluation of all expe-

rimental literature in this new area of study. It is

noteworthy that the committee identified over 600

references of relevance to the topic. 

Scientific advances in women's sexual health have

lagged somewhat behind those of men's sexual heal-

th. This is despite the fact that numerous epidemio-

logic studies show a higher prevalence of sexual

complaints and problems in women than in men.

Therapies for women with sexual dysfunction have

not been developed in accordance with current phy-

siologic understanding of women's sexual function.

This chapter addresses the contemporary evidence-

based knowledge of the physiology of desire, arousal

and orgasm in female sexual function and pathophy-

siology of disorders of desire, arousal and orgasm in

female sexual dysfunction. The basic principles of

evidence-based medicine were systematically

applied in evaluating a large and growing body of

research. 

Due to ethical constraints and practical limitations,

much of the current knowledge-base in sexual phy-

siology is derived from studies in non-human spe-

cies. These studies are reviewed first, prior to the stu-

dies in normal volunteers and clinical samples in the

latter portion of the chapter. 

While it is difficult to study the neurobiology of

human sexual behavior experimentally, real progress

in the past decade has been realized in understanding

the neuroanatomical and neurochemical mechanisms

that underlie sexual desire, and how sexual stimula-

tion and reward impact on attractiveness and mate

choice.

1. CONCEIVING OF COMMONALITIES

All organisms that engage in sexual behavior share a

common set of principles and end-points that define
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the behavior, along with particular neural mecha-

nisms that make it successful. All organisms must be

able to respond to hormonal and neurochemical

changes that signal sexual desire and arousal.  This

ability underlies our moment-to-moment level of

sexual arousability (as conceived by Whalen [1]),

and defines a large part of the internal state that is

commonly referred to as “sex drive”.  The rest

requires a complex mix of instinct, learning, and

feedback; a neural organization that allows us to

interact with external sexual incentives. All orga-

nisms must be able to identify external stimuli that

predict where potential sex partners can be found, to

seek out, solicit, court, or otherwise work to obtain

sex partners, distinguish external cues and behavio-

ral patterns of potential sex partners from those that

are not sexually receptive, and to pursue sex partners

once sexual contact has been made. Neural mecha-

nisms exist that allow sexual responding to become

habitual or automated with practice, and such pro-

cesses may underlie the ability of sexually experien-

ced animals to be less affected by treatments that dis-

rupt sexual responding in sexually naive animals [2].

Similarly, neural mechanisms exist that allow the sti-

mulation received during sexual contact to be percei-

ved as rewarding. Such reward alters subsequent

behavior, for example, by contributing to the forma-

tion of preferences for salient stimuli associated with

positive sexual reinforcement [3].

With regard to models of human behavior, something

performed by an animal may not appear similar to its

human counterpart, despite serving a similar end-

point and being dependent on identical neural sys-

tems.  Solicitation in female rats is a good example.

During copulation, female rats control the initiation

and pacing of copulation by soliciting mounts from

males. Females make a headwise orientation to the

male and then run away, forcing the male to chase

them [4].  If the male is sluggish or non-responsive,

the female may increase the strength of her solicita-

tions, to the point of kicking the male in the head

before the runaway or even mounting the male if he

does not respond to previous enticements [5, 6].  Of

course, such behavior would not be interpreted as

sexual solicitation in most human cultures. However,

solicitation in all species indicates a willingness or

desire to copulate, and high levels of solicitation in

females, or analogous courtship behaviors in males,

suggest that the animals are highly motivated to

copulate. At a strictly behavioral level of analysis, it

does not matter whether the motivation to do so is

driven by a primary desire for sexual gratification,

offspring, conflict resolution, or other social

rewards. Contrast solicitation with lordosis, the

arching of the back characteristic of sexual receptivi-

ty in many mammalian females. There is no human

counterpart to this behavior.  Thus, solicitation in

rats, and not necessarily lordosis, might be the most

“analogous rat model” of sexual desire in women.

2. WHAT ANIMALS MAKE GOOD MODELS?

Any animal “system” in which the homology or ana-

logy has predictive validity to human responses or

physiological processes (and can be replicated) is a

good model. Rats continue to be the most frequent-

ly-used animals in the study of sexual behavior, the

most obvious reasons being that they are practical

(e.g., small, easy to handle, and quite social) and

they have a large literature associated with them.

Rats also resemble humans in many analogous and

homologous ways.  Certain tissues and neuroendo-

crine systems in rats are strikingly similar to our own

(e.g., the physiological control of erection or uterine

tissue growth following estrogen treatment).  As a

social animal, rats have evolved a level of behavioral

plasticity that allows them to adapt to a variety of

ecological niches [7,8,9].  Like humans, their pat-

terns of copulatory behavior can be described as

“opportunistic”, and they will copulate in a variety of

circumstances, in dyads, triads, or large groups [4,9-

12].  Beach [10] noted that male and female rats will

copulate in virtually any type of testing chamber.

Rat sexual behavior has thus been examined experi-

mentally in groups (4), in mate-choice paradigms

(13, 14), and in traditional dyadic mating situations

in a variety of unilevel or bilevel chambers (15-18).

The use of different testing situations sometimes

results in different patterns of copulatory behavior.

Rather than such differences being considered an

experimental annoyance, they stand as examples of

the profound behavioral plasticity of rats in different

circumstances, examples of the way that rats are able

to alter their behavior to meet the demands of diffe-

rent contexts, much like humans do.

a) Models of sexual arousal

Physiological sexual arousal in both humans and

other animals can be defined as increased autonomic

activation that prepares the body for sexual activity.

This includes both parasympathetic blood flow to

genital and erectile tissues, in particular the clitoris,

labia, vaginal epithelium, and sympathetic blood

flow from the heart to striated and smooth muscle

that participate in sexual responses.  Sexual arousal

also includes a central component that increases neu-
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ral “tone” or preparedness to respond to sexual

incentives.  This latter concept was defined as “arou-

sability” by Whalen (1), and may form around an

intricate interaction of hormone priming and nora-

drenergic activity in different regions of the brain.

Both peripheral and central arousal may be detected

as part of the perception of subjective sexual arousal,

and both clearly lead to changes in responsiveness in

genital tissues and control certain copulatory res-

ponses, such as the latency to orgasm or ejaculation

(with shorter latencies indicating an increase in arou-

sal). 

b) Female sexual arousal

Physiological sexual arousal in women has received

experimental attention. Drugs or stressful circum-

stances block vaginal and possibly clitoral blood

volume in women.  Clinical results with sildenafil in

women with sexual arousal disorders have been

inconclusive [19-21].  There may be real differences

between men and women in patterns of sexual arou-

sal and in the types of psychogenic stimuli that elicit

genital blood flow [22-23]. For example, women are

reported to experience cyclic fluctuations in arousa-

bility and desire, with peak incidents of female-ini-

tiated sexual activity coinciding with ovulation [24].

Indeed, event related potentials  (ERPs) that corres-

pond to attention and stimulus processing for wor-

king memory (e.g., the P3 amplitude) increase follo-

wing the presentation of sexually arousing pictures,

but not pictures of babies or body care products, to

women during the ovulatory phase [25].  The same

pictures do not activate those ERP components

during other phases of the menstrual cycle, or in

women taking oral contraceptives [26].  Timing may

thus be extremely important when studying sexual

arousal in women relative to men.  Such a relation-

ship has been established for rats and other species.

Female rats display sexual “heat” only during the

periovulatory period of their estrous cycle, a state

that can be induced in ovariectomized rats by

sequential administration of estrogen and progeste-

rone [27].

In vivo experimental models of genital arousal in

female New Zealand White rabbits have been deve-

loped by Traish, Goldstein, and their colleagues [28-

33]. In these models, electrical stimulation of the pel-

vic nerve is applied that mimics the type of stimula-

tion normally received by females during vaginal

intromission and results in increased vaginal blood

flow, vaginal wall pressure, vaginal length, clitoral

intracavernosal pressure and blood flow, and decrea-

sed vaginal luminal pressure.  Similar effects have

been reported following pelvic nerve stimulation in

female rats [34, 35]. In addition to vaginal and clito-

ral blood flow responses, vaginal smooth muscle

preparations have been developed to examine the

ability of different neurotransmitters to induce

muscle contraction and relaxation. These studies

have shown that ovariectomy diminishes vaginal

blood flow, lubrication, and epithelial cell morpholo-

gy, and that treatment with estradiol restores these

measures of vaginal response. Moreover, the nitric

oxide-cyclic GMP pathway appears to be critical for

vaginal blood flow, as it is for penile blood flow.

Treatment with androgens facilitates vaginal nitric

oxide synthase activity, along with vaginal smooth

muscle relaxation. Although it is not yet known how

these vaginal responses are integrated with behavio-

ral responses, Whalen and Lauber [36] hypothesized

that cyclic GMP was a common target for drugs that

substitute for progesterone in the facilitation of lor-

dosis in rats. Inhibition of the ability of nitric oxide

to stimulate cyclic GMP in the rat brain results in a

profound disruption of lordosis [37] suggesting that

the brain is an important target for nitric oxide/GMP

stimulated activation of lordosis. However, it

remains an intriguing possibility that increased vagi-

nal blood flow could be perceived by females and

help stimulate behavioral measures of sexual arou-

sal. Such a relationship could be examined following

inhibition of peripheral nitric oxide-cyclic GMP.

c) Models of sexual desire

Desire has always been difficult to define [38-39]. In

the DSM-IV-TR [40], the diagnosis of Hypoactive

Sexual Desire Disorder is given when “desire for and

fantasy about sexual activity are chronically or recur-

rently deficient or absent.” By converse logic, then,

sexual desire is the presence of desire for, and fanta-

sy about, sexual activity. This definition appears

coherent but is circular. How does desire manifest

itself?

Many clinicians and motivational theorists alike

view desire as distinct from arousal in both animals

and humans. This is apparent in the DSM’s categori-

zation of arousal disorders distinct from desire disor-

ders, a distinction that generally reflects blood flow

to the genitals and erectile tissues versus a “psycho-

logical” sexual interest in which individuals “want”

or “crave” sex (with wanting and craving defined

here as in Robinson & Berridge, [41] for drugs of

abuse). In practice, however, desire may well be

informed or even confirmed by the presence of auto-
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nomic and central responses that define arousal, and

there is growing evidence that people regard desire

and arousal as parts of one another, despite being

given distinct definitions [19, 42]. When an indivi-

dual expresses sexual desire behaviorally, it follows

that attention and behavior focus on obtaining some

form of positive sexual reinforcement.

Like people, animals manifest sexual excitement

behaviorally. They will increase their motor output in

anticipation of copulation and work for the opportuni-

ty to copulate or to obtain primary or secondary

(conditioned) sexual rewards associated with copula-

tion. Animals will also choose between two or more

sexual incentives based on the strength of the incenti-

ve cues and the animal’s own internal drive state.

What characterizes these behaviors is that they occur

before copulation: Courtship, operant responses,

conditioned locomotion in anticipation of sex, time

spent near a particular sexual incentive, or choices

made between two or more incentives, can all be

considered analogies of anticipatory sexual desire.

Simply put, animals with more “desire” will display

more robust behavior than animals with less desire.

Desire can also be inferred from certain appetitive

behaviors that occur during copulation. A growing

body of evidence indicates that these aspects of sexual

behavior are altered in a relatively selective fashion by

certain drugs that are known to alter desire in humans.

All animals will work to obtain sexual rewards, and

such behavior can be viewed as analogous to desire.

Sexual rewards may come in the form of primary

reinforcers (e.g., orgasm in humans, or pacing in

female rats), or secondary reinforcers, such as stimu-

li associated with sexual gratification (e.g., certain

facial features, clothes, or smells in humans; certain

odors or place cues in rats). 

Bermant [43] and Bermant and Westbrook, (44)

reported that female rats would bar-press for access

to gonadally-intact, sexually active males.  More

recently, Matthews et al. [45] reported that access to

intromissions from a male that were made contingent

on poking a lever with the nose increased the inci-

dents of nose-poking in sexually receptive female

rats. Contingent access to male bedding or emulsi-

fied preputial gland did not support increases in

behavior, indicating that the copulatory stimulation

was rewarding. The paradigm used by Matthews et

al. ensured that females could control or “pace” the

rate of copulation, a characteristic of copulatory

interaction that female rats find rewarding (see

below). Becker and colleagues [46-48] found increa-

sed dopamine release in the striatum and nucleus

accumbens of females that had to press a lever to

gain access to a male, or run back and forth from

behind an opaque barrier, relative to females that did

not. Indeed, lesions of the striatum reduced the effi-

ciency of females to pace the copulatory interactions,

whereas lesions of the nucleus accumbens resulted in

females that avoided sexual contact [49]. 

1. SEXUAL PREFERENCE PARADIGMS

Sexual desire can be inferred from the strength of

preference made toward particular features of a per-

son or conspecific, or toward a place in which poten-

tial sex partners have been found in the past. As with

other instrumental responses, preferences are typi-

cally displayed prior to sexual interaction so that ani-

mals and people can focus their forward trajectories

toward sexual incentives. In humans, preferences

exist for gender, and within gender for certain indi-

vidually-defined physical features, scents, for certain

types of clothing, even for fetish objects. The role of

such preferences is to focus the attention of indivi-

duals on other individuals so that sexual interactions

can occur. Some preferences are determined by par-

ticular cultures or epochs within a culture, whereas

others are learned during a critical period of sexual

behavior development, especially during an indivi-

dual’s first sexual experiences. Some may be genetic.

However, what is clear is that the association of par-

ticular features with sexual gratification entices

people to seek out those features in future sexual

interactions, even if those interactions are made at a

distance or are part of a rich fantasy life. Preferences

exist in humans that are conditioned by experience;

yet arguments continue to be made that the sexual

preferences of animals (and even humans) are hard-

wired for ultimate reproductive success and fitness,

rather than more proximate rewards, such as sexual

pleasure [50, 51]. Certainly animals do not exist

within a social organization that approximates

human culture, and therefore are not subject to moral

restrictions or the whims of advertising executives.

However, recent evidence indicates that animals do

show preferences for specific features, many of

which are learned during experience with sexual

reward, rather than driven instinctually to maximize

reproductive fitness. This latter dimension represents

an exciting new foray into a level of animal behavior

that approximates our own. 

Some preferences in animals seem instinctual and

hard-wired by hormonal influences on the brain. For

example, sexually receptive females spend more

time near gonadally intact, sexually active males ver-

sus castrated, sexually inactive males [52]. However,
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other preferences are conditioned by experience with

sexual reward. Female rats find the ability to pace or

control their copulatory contact with males rewar-

ding [53], and will display conditioned place and

partner preferences for cues associated with such

reinforcement (see below). For example, in female

rats, a neutral odor (almond) was paired with the abi-

lity of females to pace [54]. This is was done using a

pacing chamber similar to that described by Erskine

[15] and Paredes and Alonso [53] in which a Plexi-

glas divider is placed in the middle of the chamber.

The bottom of the divider has one or more holes cut

out that are small enough for the female to pass

through, but too small for the male, thus the female

can regulate her contact with the male simply by run-

ning from side to side. During training, females in

the paired group received sequential access to scen-

ted males on one side of the divider or unscented

males with no divider, on alternate testing days.

Females in the explicitly unpaired group received the

opposite order of experience. On the final test, each

female was placed into an open field with two intact,

sexually experienced males, both tethered to opposi-

te sides of the open field. One male was scented and

the other was not. Females in both groups were

significantly more likely to solicit and receive their

first intromissions from the male paired with pacing.

However, only females in the paired group show a

significant preference to stay with that male for their

first ejaculation; females in the unpaired group did

not show a conditioned ejaculatory preference. The

selective copulation and mating behavior on the part

of females in the paired group would be expected to

assure paternity [55]. 

2. DESIRE IN COPULATORY MEASURES

Sexual desire can also be inferred from certain

unconditioned copulatory measures. For example,

the rate at which female rats will solicit and pace

their copulatory contact with males can be conside-

red analogues of desire (and possibly subjective

arousal). These measures can be recorded unambi-

guously in bilevel chambers, pacing chambers,

mazes, or choice boxes [56]. Solicitations by the

female usually result in mounts and intromissions by

the male. Following intromission, the female runs

away in order to “pace” the rate of copulation. In an

open field or in bilevel chambers, the male typically

chases her until she stops again and holds a lordosis

crouch, allowing him to mount. If the male stops

chasing, she will have to solicit to initiate another

bout of copulation. Essentially, pacing refers to the

amount of temporal distance the female keeps from

the male between bouts of copulatory activity. This

measure is inversely related to her degree of sexual

interest; for example the timing between intromis-

sions increases with successive intromissions, and

increases dramatically following several ejaculations

[18]. Rates of pacing are also much larger in ova-

riectomized female rats primed with estrogen but no

progesterone, relative to females primed with both

hormones. To the extent that solicitation and pacing

reflect inversely a general desire for sexual contact,

then experimental treatments that increase solicita-

tions and/or keep pacing durations short, may increa-

se desire in women. For example, ovariectomized

female rats primed with estrogen and progesterone,

or estrogen alone, and administered the melanocortin

agonist PT-141, display a dramatic and selective

increase in solicitations. Although in recent Phase I

clinical trials, this drug was shown to increase vagi-

nal arousal in women viewing a female-centric ero-

tic film [57], it remains to be tested whether this drug

will increase their desire for sex in appropriate cir-

cumstances, or as measured by paper-and-pencil

tests of sexual arousal and desire. If so, then solicita-

tion in female rats can be considered an analogue of

sexual desire in women. 

Another feminine copulatory behavior that is taken

as a measure of the willingness to have sex is lordo-

sis, the arching of the back displayed by female rats

(and other species) that indicates their sexual “recep-

tivity” [58]. More is known about the hormonal, neu-

rochemical, and neuroanatomical control of lordosis

than any other mammalian sexual behavior [59, 60].

This reflex is dependent on estrogen, although trea-

ting ovariectomized females with estrogen alone

produces only a moderate activation of the reflex in

response to flank stimulation by the male. Full recep-

tivity depends on additional activation by progeste-

rone. Indeed, so does the full expression of procepti-

ve behaviors like solicitation, and the normally low

expression of pacing [58, 18]. Drugs that bind to D1

dopamine receptors, adrenergic receptors, oxytocin

receptors, opioid receptors, or GABA receptors in

certain hypothalamic brain regions can increase lor-

dosis in ovariectomized rats primed with estrogen

alone [61, 62]. These substances may work on neu-

rochemical substrates normally activated by proges-

terone, or could work via cell-signaling cascades that

activate progesterone receptors (e.g., as has been

described by Mani et al. [63], for dopamine in the

ventromedial hypothalamus). If these drugs also

enhance solicitations and delay the increase in

pacing normally observed at the beginning of estrus

689



termination, they might stand as suitable candidates

for the treatment of hypoactive sexual desire disor-

der. 

d) Models of sexual reward

Like the expression of sexual desire, sexual reward

has many faces and states of being. This alone makes

it difficult to define what is and is not rewarding for

any person or within a culture. Moreover, sexual

behavior may occur for reasons that have nothing to

do with sexual gratification per se. But sexual reward

as a general concept has a more pervasive problem:

its association in psychology with positive reinforce-

ment. Positive reinforcers are traditionally conside-

red events or stimuli that increase the probability of

subsequent behavior [64]. Small food pellets to a

hungry rat are positive reinforcers because they

increase instrumental responding for them. Playing

with one’s hair or sideways glances during a bout of

flirting would also be considered positive reinforcers

if they increase the degree of responding between the

flirting pair [65]. 

All behaviors have a beginning, middle, and end, and

satiety mechanisms place negative feedback on

behavior by activating inhibitory neural pathways.

Satiety mechanisms are absolutely critical for any

regulatory behavior [66]. In the short term, consu-

ming a large meal or copulating to sexual exhaustion

decreases responding for food or sexual incentives.

Fortunately, meals can be broken up into small bits

that maintain operant responding for them. Sex part-

ners cannot. This was the reason that Everitt et al.

[67] used a stimulus light that predicted the arrival of

a sex partner. The light acted as a conditioned rein-

forcer that could be presented for brief periods, and

doing so supported relatively high rates of operant

responding. If positive reinforcement equals reward,

then satiety cannot be rewarding because it sup-

presses ongoing behavior. It is easy to see how theo-

ries of human sexual reward can be hindered by

conflicting definitions of reward, reinforcement, and

satiety: flirtations which are unambiguously rewar-

ding if they lead to more behavioral output. Howe-

ver, orgasms would be rewarding only if they lead to

more sexual activity; they could not be considered

rewarding if they induce a period of sexual refracto-

riness. 

In any motivational system, reward should be consi-

dered a dynamic function with an inverted U-shaped

relationship to ongoing behavior: Low rewards do

not sustain behavior, moderate to ideal rewards do,

and high rewards induce the inhibitory feedback that

characterizes satiety. With regard to sexual behavior,

rewards that sustain sexual arousal and desire might

be considered low-to-moderate, whereas high

rewards like orgasm might be those that induce a

period of sexual refractoriness. The reward value of

satiety may also depend on the time frame. Although

sexual satiety decreases sexual responding in the

short term, the reward associated with it in female

rats is necessary for the conditioning of sexual prefe-

rences in the long term. 

1. RESPONDING FOR SEXUAL REINFORCERS

How do we infer sexual reward in animals? One

involves assessments of operant or instrumental

responding for a particular sexual reinforcer. Any-

thing an animal must do to get closer to, or obtain,

the reward can be assessed in this manner. in rats,

this would include behaviors like nose-poking

through a wire-mesh screen, navigating obstruction

boxes or complex mazes, or bar-pressing for first- or

second-order reinforcers. The inference here is

simple (albeit circular): if the animal will work for it,

it must be reinforcing. But Meisel and Sachs’ [68]

caveat for understanding preference without copula-

tion also applies here: without knowing what animals

will actually do with the reinforcer once they obtain

it. It is difficult to know exactly what the motivation

was behind the responding and hence difficult to spe-

cify what was rewarding about the stimulus in the

first place. 

2. REWARD IN COPULATORY MEASURES

Another way to infer sexual reward is based on copu-

latory activity. Indeed, solicitation and pacing in

female rats can all be construed as indices of the

reward value of the stimulus animal. These beha-

viors are also operants in the sense that animals must

perform them in order to achieve the goal of copula-

tory interaction/sexual stimulation.

3. CONDITIONED PLACE PREFERENCE

Contextual factors such as settings are important

components of positive sexual experiences for

women [69-73]. Salient cues in the environment may

be associated with sexual reward in such a way that

they increase arousal or desire directly in their pre-

sence. Accordingly, one way to infer sexual reward is

to examine responses made toward contextual cues

paired with sexual reward. With animals, this can be

done using the conditioned place preference (CPP)

paradigm. Animals often display a preference to

remain in a context that has been paired consistently

with access to a reward (e.g., drugs of abuse, highly
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palatable foods, a mate) over a context that has not.

This type of CPP is typically demonstrated in an

apparatus with two distinctive compartments that are

connected to either side of a third neutral compart-

ment. During training, the compartments are paired

differentially with unconditional stimuli, (e.g., one

side is paired with a sex partner, food, or a rewarding

drug, and the other side is paired with either nothing

or a control manipulation). On the final test, the sub-

ject is placed into the neutral compartment with the

two doors on either side opened to allow free access

to either compartment. CPP is said to have developed

if the subject spends significantly more time in the

reward-paired compartment than the other compart-

ment. Stimuli or events that are capable of suppor-

ting CPP are referred to as “rewards” rather than

“reinforcers”, because the subject has never been

required to move into the paired compartment to

experience them. Thus, CPP is not reinforced, per se,

because it is displayed spontaneously on the final

test. However, the increased time spent in the side

paired with reward is clearly conditional upon the

Pavlovian association of those contextual cues with

the reward state.

CPPs have been demonstrated in female rats and

hamsters. Oldenburger et al. [74] found that when

copulation occurred within one of the distinctive

compartments of a CPP apparatus, female rats sho-

wed only a weak CPP. Conversely, Paredes and

Alonso [53] and Paredes and Vazquez [75] demons-

trated a robust CPP in female rats that depended on

whether the females were able to pace the rate of

copulation without having to employ defensive

behaviors. This was accomplished using the pacing

chambers described above, in which a Plexiglas divi-

der bisects the chamber. The divider contains one or

more holes that only the female can pass through.

This allows her to pace the rate of copulation by

moving freely from side to side. Like males, females

acquired a strong preference for a distinctive envi-

ronment only if they were placed into the CPP box

immediately after paced copulation. No preference

was found if the copulation was unpaced prior to pla-

cement in the CPP box (meaning that it had occurred

in the same pacing chamber but without the divider).

Thus, for a female rat, CPP develops only if she has

been able to control the initiation and rate of copula-

tion freely without having to use defensive beha-

viors. Although a sexually vigorous male rat is a

clear unconditioned stimulus for approach and soli-

citation in female rats [76], contextual cues associa-

ted with pacing elicit a conditioned sexual reward

state in those females. However, these results may

also indicate the presence of an unconditional aversi-

ve state during unpaced copulation. To examine this

possibility, Afonso, Woehrling, and Pfaus [77] allo-

wed female rats to copulate in two paced conditions

using Plexiglas dividers that had either 4 holes or 1

hole. This was done to eliminate the possibility of an

“aversive” state resulting from unpaced copulation.

Trials were conducted sequentially at 4-day inter-

vals, and each pacing condition was paired with one

of the distinctive sides of a CPP apparatus, in a coun-

terbalanced fashion. Control groups contrasted the 4-

hole condition with no divider, or the 1-hole condi-

tion with no divider (as was done by Paredes and col-

leagues). Control females developed significant CPP

for either the 1-hole or 4-hole condition, relative to

unpaced copulation with no divider. Those control

data replicate the findings of Paredes and colleagues,

and indicate that both the 4-hole and 1-hole condi-

tion are rewarding relative to the unpaced (no divi-

der) condition. However, they do not rule out the

possibility that the real distinction being made is bet-

ween an aversive condition (unpaced copulation)

and a rewarding condition (paced copulation). This

was addressed in the group allowed to contrast the 4-

hole versus 1-hole condition. In this group, females

developed significant CPP for the 4-hole condition,

relative to the 1-hole condition, suggesting strongly

that copulatory CPP reflects a true sexual reward

state in females. Similarly, Jenkins and Becker [47]

found that female rats developed significant CPP for

paced relative to unpaced mating, but also for unpa-

ced mating in which the experimenter removed the

male for a period that approximated the female’s

imposed interintromission interval, relative to unpa-

ced mating in which male removal did not occur.

Thus, female rats develop CPP for sex at their own

preferred intervals. Taken together with the results of

Matthews et al. [45] (1997), these data suggest that

reward comes from the sexual stimulation that

females receive, namely mounts with intromission,

so long as that stimulation occurs at the desired time

intervals. 

In females, naloxone blocked the acquisition of a

pacing-related CPP, suggesting that opioid systems

in the brain of female rats are activated by sex-rela-

ted cues [78]. Dopamine antagonists have not been

reported to alter the development or expression of

copulatory CPPs in female rats. In contrast, Meisel,

Joppa, and Rowe [79] found that the development of

a copulatory CPP in female hamsters was blocked by

injections of the D2-receptor antagonists sulpiride or
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raclopride prior to each training session. To summa-

rize, sexual reward appears to involve the activation

of brain opioid systems. In some cases, odor or

contextual stimuli associated with sexual reward

activate mesolimbic dopamine pathways (either to

increase attention or drive goal-directed behaviors).

(Figures 1 and 2)

e) Animal Models: A Synthesis

Animals possess appetitive and consummatory

aspects of sexual behavior that are homologous and

analogous to our own and that are controlled by simi-

lar or identical neurochemical and hormonal sys-

tems. They experience sexual arousal, desire,

reward, and inhibition. Females like to control the

initiation and rate of sexual contact. Sexual behavior

in females is strengthened with experience, making

them less vulnerable to treatments that disrupt sexual

responding. From an evolutionary perspective,

sexual behavior appears to have similar processes

and endpoints for all mammals, and perhaps for all

species that engage in it.

If the process and endpoints of sexual response are

the same (even if the outward expression of appetiti-

ve behaviors or copulation is species-specific), then

animals can indeed be used as models of human

sexual response provided the homology or analogy is

specified unambiguously, and that treatments or

experiences have similar effects between the species,

giving the animal model predictive validity. This

requires that we understand the particular behaviors

of both species as best we can, which in turn requires

that we be careful and creative in how we ask our

scientific questions. It was believed that female rats

didn’t “enjoy” copulation because it took them lon-

ger to return to a male following intromission or eja-

culation, relative to precopulatory interaction or

mounts without intromission. However, Paredes and

colleagues provided an important glimpse of what

female rats really like about sex: their ability to

control its occurrence and rate. If they have control

over the initiation and rate of sexual interaction, then

female rats will develop copulatory CPPs; if not,

then CPPs do not develop despite the fact that

females still copulate and are sexually receptive.

Control is an important aspect of sexual function in

women, and problems with locus of control may

form an important part of the etiology of different

sexual disorders [80]. Female rats display proceptive

and receptive sexual behaviors only during their per-

iovulatory period, or if they are ovariectomized and

given appropriate replacement with estrogen and

progesterone. Although female primates, including

humans, can have sex throughout their ovulatory

cycles, they display increased female-initiated solici-

tation and sexual activity during their periovulatory

periods [24, 81]. Making the conceptual connection

between animal and human sexual behaviors is the

primary challenge for researchers. Subsequent tes-

ting of those connections is easier, but equally

important. 

Animal models will continue to be indispensable for

studies of the neurobiology of sexual behavior. The

knowledge that lesion and drug studies, neurochemi-

cal and neuroanatomical analyses and molecular

approaches provided in animals guide our emerging

work in the neuroanatomy of sexual responding in

humans using functional magnetic resonance ima-

ging or positron emission tomography. Animal

models are needed to further understand the hormo-

nal processes that lead to changes in sexual arousa-

bility (e.g., following hormone therapy in postmeno-

pausal or hypogonadal individuals). The kind of

invasive and direct studies of brain or organ function

in animals simply cannot be conducted in human

subjects. 

1. INNERVATION OF FEMALE GENITAL AROUSAL

RESPONSE

The neural control regulating the female genital res-

ponse is poorly investigated, and is therefore less

understood than the male counterpart. The majority

of investigations elucidating the neural control have

been done in animal studies, primarily rodents, and

only few human studies exist. The use of animal stu-

dies has clear advantages, as they are easily perfor-

med, but the obvious drawback is the lack of eviden-

ce of comparability between human and animal

structures. As such, animal data primarily generate

ideas for future human studies and conclusions from

animal studies must be made with reservations.

Studies on regulation of genital arousal include those

on regulation of vaginal blood flow, clitoral, labial

and vestibular bulb engorgement, and vaginal smoo-

th muscle wall. The role of contraction and relaxa-

tion of the vaginal smooth muscle wall in the genital

arousal response is still debatable. Many in vitro stu-

dies have focused on vaginal tone and its regulation.

Most likely this is because it is an easy end organ to

study and exert basal smooth muscle properties,

II. AROUSAL: PHYSIOLOGY OF

GENITAL AROUSAL IN FEMALES
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Figure 1: TOP: Effects of the dopamine agonist apomorphine on solicitation and pacing behavior in ovariectomized female

rats without hormone replacement (O), primed with estrogen alone (E+O), or primed with estrogen and progesterone (E+P).

Data are means + SEM. Tests were conducted in bilevel chambers. Apomorphine increased solicitations and decreased pacing

in females primed with estrogen alone, but not without estrogen. Apomorphine did not affect solicitation or pacing in females

primed with estrogen and progesterone. Females solicit sexual contact with males by orienting their heads toward the males,

and then running away to another level. Pacing in bilevel chambers is defined as the number of level changes displayed by

females prior to each mount by the male. Females with high sexual interest display a large number of solicitations and low

number of level changes between mounts. This pattern of behavior increases their sexual contact with males.

BOTTOM: Dopamine release in the nucleus accumbens and dorsal striatum of sexually experienced female rats during sexual

contact with males. Dopamine in extracellular fluid was extracted using microdialysis and analyzed by electrochemical detec-

tion after separation with HPLC. Samples were taken at 10-min intervals. To rule out general locomotion, females were first

placed onto an elevated rotating drum for 20 min, followed by the drum rotating at a speed of 6 meters/min for another 20

min. Females were then placed into a clean testing chamber. This was followed by exposure to an increasing succession of

stimulus intensities. First the bedding was replaced with clean bedding, then with bedding soiled by sexually active male rats.

Then a male was placed behind a wire-mesh screen, after which the screen was removed to allow sexual contact for 20 min.

The male was removed after this copulatory period. Nosepokes through the wire mesh were counted prior to copulation as a

measure of the female’s precopulatory interest.



which may be comparable to that of the smooth

muscles in the genital vasculature and clitoris.

a) Autonomic neurotransmitters in the female geni-

tal arousal response.

Adrenergic and cholinergic neurotransmitters have

been identified in the postganglionic fibers to the

vagina and the clitoris, primarily in animal models

[82-88], as well as alpha-adrenergic receptors which

have been demonstrated biochemically and functio-

nally in the rabbit vagina [85, 86]. Little data exists

on the presumed inhibitory effect of adrenergic sti-

mulation on the female sexual genital response. In

vitro experiments on the smooth musculature of the

rat and rabbit vagina and rabbit clitoris show

contractile response to adrenergic stimulation [89-

91]. 

In a pilot study, oral phentholamine was administe-

red to postmenopausal women with Female Sexual

Arousal Disorder. The results indicated a moderate

effect on subjective and objective parameters of

sexual arousal. [92]. Unfortunately it was impossible

to discriminate between preferential and central

effects in the study. Meston and colleagues provided

evidence for an excitatory role of peripheral adre-

nergic activation on sexual arousal in women. Ephe-

drine (50mg), an alpha and beta adrenergic agonist,

facilitated vaginal photoplethysmograph measures of

sexual arousal in a randomized controlled trial of 20

women [93]. 
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Figure 2: Dose-response effects of the melanocortin agonist PT-141 on the sexual behavior of ovariectomized female rats pri-

med with E+P. Data are means + SEM. Tests were conducted in unilevel pacing chambers bisected by a Plexiglas screen with

four holes at the bottom small enough to allow the female, but not the male, free access from one side to the other. Females

in these chambers pace their copulatory contact by running back and forth from the side containing the male. PT-141 increa-

sed solicitations, hops and darts, but did not affect pacing or lordosis. Interestingly, although PT-141 did not alter the latency

to return to the side containing the male after an intromission, it increased the latency to return after an ejaculation. This pat-

tern of data suggests that PT-141 increased the desire of female rats to initiate sexual contact, and further increased the inten-

sity of stimulation received following ejaculation. 



The role of noradrenaline in the control of clitoral

erection is indirect and only elucidated by case

reports on treatment of clitoral priapism with injec-

tion of adrenergic agonists [94, 95]. Despite the rich

cholinergic innervation, the role of acetylcholine is

uncertain. In the in vivo animal model described by

Giuliano et al, intravenous injection of atropine only

decreased the vaginal blood engorgement induced by

stimulation of the pelvic nerve (PNS) slightly. In the

same model, intravenous atropine decreased vaginal

smooth muscle contractions also induced by PNS. In

a small, uncontrolled study of six women, intrave-

nous injection of atropine had no effect on the vagi-

nal blood flow during masturbation [96].

b) Non-adrenergic, non-cholinergic (NANC) neu-

rotransmitters/ mediators:

A great variety of NANC neurotransmitters/media-

tors have been identified in the female genital tract,

mainly in animal models. In animal studies on the

vagina and its vasculature, vasoactive intestinal

polypeptide (VIP), nitric oxide synthase (NOS; pro-

ducing nitric oxide, NO), neuropeptide Y (NPY),

calcitonin gene-related peptide (CGRP) substance P

(SP), pituitary adenylate cyclase-activating polypep-

tide (PCAP), helospectine and peptide histidine

methionine (PHM) have been demonstrated [84, 85,

88, 90, 97-104]. 

In humans, nerves that contain VIP, NPY, PACAP,

NOS, and CGRP, have been demonstrated in the

vagina [105-109]. Hoyle et al demonstrated a dense

innervation of the vaginal vasculature (arteries, veins

and subepithelial plexuses). Most abundant were

NPY and VIP immunoreactive fibers, less abundant

were NOS, CGRP and SP fibers [108]. Human stu-

dies are crucial, however the major drawback is that

the tissue studied comes from women undergoing

hysterectomy. This is tissue from the proximal part

of the vagina, less innervated and of different

embryological origin than the denser innervated dis-

tal part [110] that may be of more importance in the

physiological sexual arousal response. An exception

is the study of Jorgensen et al who demonstrated

NPY-immunoreactivity in both the proximal and dis-

tal parts of the human vagina as plexuses of nerve

fibers beneath the vaginal epithelium in relationship

to the small vessels [107]. 

In the human clitoris, limited immunohistochemical

studies have demonstrated that the clitoris is innerva-

ted by VIP, PHM, NPY, CGRP and substance P immu-

noreactive nerves [111]. Signal transduction systems

have also been investigated. In cell cultures from

human and rabbit vaginal smooth muscle, the signal

transduction molecules cAMP and cGMP have been

studied. In the vaginal smooth muscle cells cAMP was

stimulated by PGE1 and isoproterenol and cGMP by

the NO donor; sodium nitroprusside, suggesting that

these signal transduction pathways are of importance

for regulation of vaginal smooth muscle tone. Further-

more, sildenafil enhanced the intracellular cGMP

accumulation in the human and rabbit vaginal smooth

muscle cells [112]. In the human vagina, PDE5

expression has been demonstrated in the anterosuper-

ior vaginal wall [113].

c) The role of NANC transmitters in the arousal

response.

Very little is known about the role of these neuro-

tramsmitters/mediators in the regulation of the geni-

tal arousal response in females. While their existen-

ce in the genital tract can be demonstrated, their

functional role in the physiology and pathophysiolo-

gy of genital arousal is unknown.

VIP has traditionally been considered to be the most

important neurotransmitter in the regulation of

human vaginal blood flow in the sexual arousal res-

ponse. This assumption is based on 1) the high

concentration of VIP in the tissue of the genital tract,

2) the close association of the genital vasculature and

VIP containing nerve fibers, 3) the increase in the

level of VIP in women from sexual arousal and 4) the

increase of vaginal blood-flow in women from IV

and subepitheal administration of VIP [109, 114-

118]. This is only indirect evidence: further clinical

studies must be performed in order to obtain more

information. The role of VIP in the physiological

arousal response needs to be investigated further. 

During the last few years the role of NO in the arou-

sal phase have been studied with more interest, part-

ly based on the knowledge from males where NO is

known to play a crucial role in the erectile response.

New in vivo models on rats, rabbits and dogs have

made it possible to investigate vaginal and clitoral

blood flow, vaginal oxygen tension, vaginal tempe-

rature and vaginal luminal pressure as markers of

sexual arousal. [31, 119-123].

In the in vivo animal models, pelvic nerve stimula-

tion (PNS) increases vaginal blood flow and tempe-

rature as well as clitoral blood flow [34, 120, 122].

Stimulation of the pavertebral sympathetic chain

reverses the PNS induced effect in the rat [34]. In

both the rabbit and the dog model, the PDE5-inhibi-

tors sildenafil and vardenafil respectively enhanced

the PNS induced vaginal and clitoral blood flow

indicating that the NO/cGMP pathway is involved in
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the physiological mechanism of female genital arou-

sal [123, 124]. 

A role of the NO/cGMP system on clitoral erection is

further indicated by in vitro animal experiments. In

rabbit, clitoral corpus cavernosum inhibition of NOS

dramatically abolishes electrically stimulated relaxa-

tion, whereas sildenafil augments the relaxation [89,

125, 126]. In human clitoral tissue, sildenafil has

been demonstrated to inhibit PDE5 [127], and immu-

nohistochemical studies have identified NOS immu-

noreactive nerve bundles within the glans and corpo-

ra cavernosa of the clitoris [128].

Clinically, sildenafil has been shown to enhance vagi-

nal engorgement during erotic stimulus in healthy

women without sexual dysfunction [129]. Several

trials are being performed investigating sildenafil as a

treatment for arousal disorders [130,131]. There are

indications that the NO/cGMP system plays a role in

the genital arousal response, but the exact role in the

normal arousal response still needs to be investigated.

2. PATHOPHYSIOLOGICAL FACTORS THAT MAY

INFLUENCE THE PHYSIOLOGICAL GENITAL

AROUSAL RESPONSE

a) Diabetes

In rat models, diabetes mellitus (Type 1) induces

vaginal fibrosis, measured as TGF-beta expression in

collagen connective tissue, fibroblasts and smooth

muscle fibers [132]. The nitrergic dependent relaxa-

tion of vaginal tissue is impaired during the diabetic

state [90]. Park and colleagues also have demonstra-

ted that type 1 diabetes mellitus in the in vivo rabbit

model produces significant adverse effects on the

hemodynamic mechanism of clitoral engorgement

and leads to diffuse clitoral cavernous fibrosis [133].

b) Hypertension

In the rabbit, experimentally induced arteriosclerosis

results in decreased PNS induced vaginal blood flow

and vaginal wall pressure [31].

c) Conclusions and future directions.

The understanding of peripheral mechanisms and neu-

rotransmitters regulating the female genital sexual

arousal response is limited. Modulation of vaginal and

clitoral engorgement, vasocongestion and vaginal

lubrication may be antagonistic, regulated by para-

sympathetic and sympathetic components of the auto-

nomic nervous system of the female genitalia. VIP and

NO may be the primary facilitators with noradrenali-

ne and NPY the primary inhibitors of the genital arou-

sal response. There is a need to expand our current

understanding of the physiological mechanisms res-

ponsible for the arousal response. Better understan-

ding of the physiology and pathophysiology of genital

arousal is necessary for improved clinical manage-

ment of arousal disorders in women.

3. AROUSAL: NERVOUS SYSTEM IN GENITAL

AROUSAL

Our knowledge regarding human female sexual

function is at its initial stages, and many important

unanswered questions in this area still need to be

investigated. Most of the information available is

derived from animal studies or drawn by analogy

from studies in males. The female animal studies

have been predominantly focused on behavioral stu-

dies and on the central nervous control of genital res-

ponses. Data regarding the peripheral nervous sys-

tem and in particular the genital somatic sensory

information pathways are very limited, especially

vis-à-vis arousal and orgasmic functions. Neuroge-

nic female sexual dysfunction can result from disea-

se of the central or peripheral nervous system. The

effects of specific spinal or peripheral neural injuries

on female sexual response is under investigation and

will hopefully lead to improved understanding of the

neurophysiology of orgasm and arousal in normal as

well as women with sexual difficulties. 

a) Peripheral innervations involved in female geni-

tal response

Innervations of the pelvic organs have been pre-

viously reviewed by several authors [134, 135], but

most of the information available today has been

extensively studied in the rat. [136, 137]. In general,

innervations of the genitals are comparable between

human males and females. Sexual arousal is a vascu-

lar and neuromuscular event controlled by facilitato-

ry parasympathetic and inhibitory sympathetic

inputs. Autonomic preganglionic parasympathetic

fibers to the vagina and clitoris originate in the sacral

parasympathetic nucleus at the spinal cord, and the

sympathetic fibers at the thoracolumbar level. Para-

sympathetic fibers are conveyed by the pelvic nerve,

sympathetic fibers by the hypogastric nerve and the

paravertebral sympathetic chain. In addition, both

the somatic pudendal nerve and, very likely, the affe-

rent and efferent fibers of the vagus nerve contribute

to the genital sexual response.

b) Autonomic innervation

Both the hypogastric (sympathetic) and pelvic (para-
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sympathetic) nerves innervate the pelvic ganglion.

Postganglionic fibers innervate the pelvic organs,

including the bladder, urethra, accessory sex glands,

vagina, uterus and clitoris. The cavernous nerve pro-

vides the vasodilatatory innervation to the clito-

ris.[138]. Identification of nerve fibers in the human

vagina showed that there are significantly more

fibers in the more distal part than in the proximal

area. Moreover, the anterior vaginal wall that proba-

bly is the most sensitive part of the vagina displays a

denser innervation than the posterior one [139]. The

sacral parasympathetic nucleus neurons represent the

main parasympathetic outflow to the genitalia in

females. Preganglionic neurons of the hypogastric

nerve emerge from the T12-L3 spinal segments from

two separate nuclei, the dorsal gray commissure and

the intermediolateral cell column, and represent the

sympathetic outflow to the genital tract [140-142]. 

c) Somatic innervation

Anatomical studies show sensory fibers from the

pudendal, pelvic and hypogastric nerves innervate

the female pelvic organs. The pudendal nerve, which

originates from the pelvic splanchnic branches of the

sacral plexus, provides sensory innervation to the

perineum, clitoris, and urethra. The motor axons ori-

ginate in the spinal cord from two motor-neuron

nuclei in the L5 segment of the spinal cord (dorso-

medial and dorsolateral nuclei) [143]. Moreover, the

motor innervation to the perineal striated muscle

may be involved in the female sexual response,

through voluntary contraction of the perineal muscle

that can enhance arousal and play a role in the fee-

ling of pleasure during intercourse [144].

Pelvic nerve sensory fibers innervate the vagina, cer-

vix, and body of the uterus, with the greatest concen-

tration in the fornix of the vagina [138]. The hypo-

gastric nerve contains relatively few axons of affe-

rent neurons, however, these neurons are important

for conveying pain sensation from the uterus [142].

There is also some evidence that vagal fibers may

convey sensory information from the female pelvic

organs. This pathway remains functional after spinal

cord transection and may account for the menstrual

cramping and orgasm reported in women with com-

plete spinal cord injury. [145, 146].

d) Spinal reflexes

Sexual arousal responses are mainly the product of

spinal reflex mechanisms, and are under descending

excitatory and inhibitory control from supraspinal

sites. The afferent arm is primarily through the

pudendal nerve. The efferent arm consists of coordi-

nated somatic and autonomic activity. One spinal

sexual reflex is the bulbocavernous reflex involving

sacral cord segments S2-S4. Another reflex involves

vaginal and clitoral cavernosal autonomic nerve sti-

mulation, resulting in clitoral, labial and vaginal

engorgement. [147]. 

The control of sexual function is based upon spinal

mechanisms. The spinal cord provides the autonomic

and somatic innervation of the sexual organs. Senso-

ry information from the sexual organs project to

interneurons in the lower spinal cord. These inter-

neurons likely generate the coordinated activity of

sexual responses. 

1. STEROID BIOSYNTHESIS AND METABOLISM

IN WOMEN

Androgen hormones are a class of C-19 steroids,

produced by the gonads and the adrenals [148, 149].

Steroids with androgenic activity include testostero-

ne (T), α-dihydrotestosterone (5 DHT), ∆4-androste-

nedione, ∆5-androstenediol, 5α-androstane 3β 17β
diol, dehydroepiandrosterone (DHEA) and 3 α-

hydroxy androsterone (Figure 3).

a) Physiology of Androgen Hormones in Women

Androgens modulate the function of many organs

and tissues in women including the pituitary, bone,

adipose tissue, kidney, skeletal muscle, blood, ova-

ries, uterus, vagina, oviduct, clitoris and mammary

gland and regulate secondary sex characteristics

[150]. Androgens are not only essential for the deve-

lopment of reproductive function in women and hor-

monal homeostasis, but also represent the immediate

precursors for the biosynthesis of estrogens. Andro-

gens affect sexual desire, bone density, adipose tis-

sue distribution, mood, energy and well-being.

Consequently, imbalance in androgen biosynthesis

or metabolism in women may have undesirable

effects on female general health as well as sexual and

reproductive functions [151]. 

b) Biosynthesis of Androgens in Women

Approximately 25% of androgen biosynthesis takes

place in the ovaries, 25% is produced by the adrenal

gland and the remaining is produced in the periphe-

ry [148, 149, 152]. In women, essentially all of the

III. AROUSAL: ROLE OF SEX 

STEROIDS MODULATING 

PHYSIOLOGY OF GENITAL

AROUSAL IN FEMALES
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androgens detected in the urine are of adrenal origin

[150]. In Addison’s disease, the output of urine

androgens in the female approaches zero.

In the ovaries, cholesterol is metabolized to pregneno-

lone, which serves as the precursor for the synthesis of

sex steroids. Biosynthesis of testosterone from pre-

gnenolone proceeds via participation of several key

enzymes in two interrelated pathways (i.e. ∆5or ∆4

pathways). In the ∆5 pathway, hydroxylation of pre-

gnenolone by 17 α-hydroxylase and subsequent clea-

vage of the C-17,20 side chain by the C-17,20-lyase

produces dehydroepiandrosterone (DHEA). The latter

is converted to ∆5-androstenediol via 17β-hydroxys-

teroid dehydrogenase (17βHSD). This derivative is

converted into testosterone by the enzyme complex,

3β-hydroxy ∆5 steroid dehydrogenase (3βHSD), ∆4,5

isomerase. In the ∆4 pathway, pregnenolone is

converted first into progesterone by 3βHSD, ∆4,5 iso-

merase. Progesterone is then hydroxylated at the C17

position by the 17α-hydroxylase and becomes the

substrate for the C-17,20-lyase, which converts 17α-

hydroxyprogesterone to ∆4 androstenedione. The lat-

ter product is metabolized to testosterone by the action

of the 17βHSD.

Synthesis of estrogen from androgens in the ovary is

believed to involve both the thecal layer and the gra-

nulosa. The theca cells have a rich blood supply and

steroids synthesized in the theca can readily pass into

the circulation. In contrast, the granulosa cell layer is

relatively avascular and steroids formed in these

cells cross into the theca interna in order to enter the

circulation. Both the theca and the granulosa express

the aromatase enzyme systems for synthesis of estro-

gens. In the theca cells androstenedione and estradiol

are derived from 17-hydroxypregnenolone (∆5 path-

way). In the granulosa, pregnenolone is readily

converted into progesterone suggesting a ∆4 path-

way. Estradiol is the major steroid detected in ova-

rian venous blood. The estrogen yield is approxima-

tely 10 fold greater from 4-androstenedione than

from testosterone.

The synthesis of estrogens from androgens is regula-

ted by gonadotropic hormones, LH and FSH. FSH

acts mainly on the granulosa cells while LH acts on

multiple sites including the theca, stroma, luteal and

granulosa. The theca interna expresses LH receptors

which regulate androgen biosynthesis, mainly

androstenedione and testosterone. Androgens (∆ 4-

androstenedione and testosterone) produced by the

thecal compartment diffuse into the follicular fluid

where they are converted into estrogens by the gra-

nulosa cells or released into the ovarian vein. The

granulosa cells express FSH receptors and increased

FSH levels increase the number of FSH receptors
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due to increased granulosa cell number. Furthermo-

re, FSH upregulates the aromatase activity in the gra-

nulosa increasing the conversion of androgens to

estrogens. Estradiol via autocrine or paracrine

mechanisms increases the mitogenic activity, inde-

pendent of that of FSH. Estradiol augments the acti-

vity of FSH in increasing aromatase activity and

increasing the conversion of androgens to estrogens.

c) Androgen Biosynthesis in the Adrenal Gland

In the adrenal gland, cholesterol is metabolized to

pregnenolone, which serves as the precursor for the

synthesis of glucocorticoids and androgens. Biosyn-

thesis of androstenedione from pregnenolone pro-

ceeds via participation of several key enzymes.

Hydroxylation of pregnenolone by 17α-hydroxylase

and subsequent cleavage of the C-17,20 side chain

by the C-17,20-lyase produces dehydroepiandroste-

rone (DHEA). The latter is converted to ∆4-andros-

tenedine via the enzyme complex, 3β-hydroxy ∆5

steroid dehydrogenase (3βHSD), ∆4,5 isomerase.

The latter product is metabolized to testosterone by

the action of the 17βHSD (Figure 4).

d) Peripheral Conversion of Androgens in Target

Tissues 

Conversion of precursor steroids, derived from adre-

nal or ovarian origin, into active androgens in per-

ipheral tissues is an important pathway of androgen

metabolism [149, 153]. Thus, DHEA and ∆4-andros-

tenedione may be converted into testosterone and

5α-DHT in target tissues [149, 150, 152]. Labrie and

his colleagues [153] suggested that in post-menopau-

sal women almost 100% of active sex hormones are

derived from peripheral conversion of the steroid

precursor DHEA and DHEA-S into active estrogens

and androgen hormones. This concept suggests that

active androgen hormones could be made on demand

by the target tissues from precursors of ovarian or

adrenal origin. This would also suggest that in many

tissues conversion of DHEA and ∆4-androstenedio-

ne from adrenal or ovarian origin to testosterone and

estradiol may take place.

The conversion of DHEA and ∆4-androstenedione

into specific metabolites in the peripheral target tis-

sues is catalyzed by tissue-specific, unidirectional

17β-HSDs [152]. A family of several enzymes have

been cloned and characterized to date. These

enzymes may play an important role in providing tar-

get tissues with active sex steroid hormones, via a

well-controlled intracellular pathway. Thus, local

conversion of DHEA or DHEA-s into 4-androstene-

diol (via 3 β-HSD) or ∆5 androstenediol (via 17 β-

HSD) leads to production of testosterone. Testostero-

ne may be converted locally into 5α-DHT (via 5 α-

reductase) or into estradiol (via the aromatase). ∆4-

androstenedione may be converted locally into estro-

ne via the aromatase and into estradiol via 17 β-HSD

[152]. Since specific target tissues express specific

and selective isoforms of 17 β-HSD, it is likely that

conversion of the adrenal androgen precursor into

active androgen derivative is regulated by the tis-

sues’ specific physiological requirements.

e) Alterations in Ovarian or Adrenal Androgen Bio-

synthesis and Metabolism may lead to Androgen

Insufficiency in Women 

The concept of androgen insufficiency in women, in

particular in pre-menopausal women, is controver-

sial. Nevertheless, potential metabolic alteration in

steroid biosynthesis in the ovaries or the adrenal may

lead to reduced synthesis of androgens. In the ova-

ries, conversion of ∆4- androstenedione into estra-

diol is the predominant pathway.

It is possible that under certain pathophysiological

conditions the ovaries continue to produce ∆4-

androstenedione as an androgen precursor for estro-

gen biosynthesis but an inadequate production of

androgen results, due to shunting of the ∆4-androste-

nedione to the aromatase or lack of 17β-HSD. Thus,

in pre-menopausal women, sufficient estrogen levels

may be reached with concomitant reduced levels of

androgens. In addition, if reduced output of andro-

gens from the adrenal due to other pathophysiologi-

cal conditions is coupled with inadequate synthesis

of androgen in the ovaries, then it is expected that the

pre-menopausal woman would continue to have a

menstrual cycle but with androgen insufficiency.

Data on serum androgen levels in healthy, pre-meno-

pausal women without any symptoms of androgen

insufficiency is lacking. It is necessary to establish

normal and low serum androgen values in healthy

subjects. Methodological differences in measure-

ments of serum androgen levels further contribute to

the difficulty in defining reduced levels of serum

androgens in women. The fact that androgens are

derived from multiple endocrine (ovaries and adre-

nals) and non-endocrine (peripheral) sources contri-

butes further to the difficulty in defining the patho-

physiology of androgen insufficiency in women.

Testosterone and ∆4-androstenedione synthesized by

the ovaries are utilized as substrates by the aromata-

se in the theca and granulosa cells. Thus, diffusion,

compartmentalization, and expression of target-spe-

cific enzymes involved in the metabolism of andro-
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gens may determine the amount of androgens utili-

zed by the aromatase and that available to enter into

the circulation. It has been shown that in the early

follicular and late follicular phases, the levels of ∆4-

androstenedione are far greater than that of testoste-

rone in the ovarian venous plasma. Another possible

reason for reduced plasma androgen levels is the

potential increase in peripheral catabolism of testos-

terone.

f) Effects of Plasma Binding Proteins on Availabi-

lity of Bioactive Androgens

Sex hormone binding globulin (SHBG) binds testos-

terone and estradiol with high affinity but does not

bind androstenedione or estrone. The concentrations

of SHBG increase in response to estrogens, and

during pregnancy increase five fold. SHBG synthesis

is influenced not only by estrogens but also by thy-

roid hormones. 

It is presumed that the free fraction of sex steroid

hormone that enters the cells elicits the biological

response. Thus the availability of bioactive hormone

is dependent on the level of plasma binding proteins

and the affinity of these steroids for the protein.

Since the free hormone also acts on the pituitary to

regulate further synthesis of steroids, and the free

hormone is preferentially inactivated by the hepatic

metabolism, one would suggest that plasma proteins

play an important role in regulating the bioavailable

steroids in the plasma.  It is unclear, however, what

role the plasma binding proteins play in physiologi-

cal response. Thus, plasma sex steroid binding pro-

teins may act as depot storage and transportation of

sex steroids from the site of synthesis to the target

tissue. It is difficult to speculate that changes in the

levels of SHBG may contribute to androgen insuffi-

ciency in women. This needs further investigation.

2. MODULATION OF FEMALE GENITAL SEXUAL

AROUSAL BY SEX STEROID HORMONES

Pre-clinical and clinical studies suggest that estrogens

modulate genital hemodynamics and are critical for

maintaining structural and functional integrity of vagi-

nal tissues [29, 155-157]. Estrogen-depletion resulted

in a significant reduction in vaginal blood flow follo-

wing pelvic nerve stimulation, when compared to

controls. Estrogen replacement increased genital

blood flow and lubrication [29, 157, 158]. Evidence

suggests that estrogens may modulate blood flow by

regulating the activity of neural and endothelial NO

synthase and VIP in the vagina [104, 159-162]. In

estrogen-deprived animals, vaginal lubrication was

markedly decreased compared to controls and was

restored by estrogen treatment [29]. Vaginal mucifica-

tion was reduced by estrogen administration in ova-

riectomized animals [163]. There are limited studies

examining the effects of estrogens on vaginal smooth

muscle contractility. Recently, Kim et al. [164]

demonstrated that electric field stimulation and VIP

caused frequency- and dose-dependent relaxation of

vaginal tissue strips. These responses were slightly

attenuated in ovariectomized animals and significant-

ly inhibited in estrogen treated animals.

Although clinical studies have indicated that andro-

gens modulate sexual arousal responses [165-170],

no investigations have addressed the mechanism by

which androgens facilitate such responses. Prelimi-

nary studies from our laboratory have shown that

androgen treatment of ovariectomized animals

enhanced vaginal smooth muscle relaxation in res-

ponse to electrical field stimulation [164]. In addi-

tion, androgen treatment normalized VIP-induced

smooth muscle relaxation, suggesting that androgens

modulate neurotransmitter function. Kennedy and

Armstrong [171,172] have shown that androgens

increase vaginal mucification in the rat. Treatment of

ovariectomized rats with topical DHEA resulted in

complete reversal of vaginal atrophy and stimulated

proliferation and mucification of the vaginal epithe-

lium [149]. Furthermore, preliminary data from

work by Traish and Kim suggests that androgens

maintain vaginal mucification in rabbits. Recent

work has suggested that progesterone is an important

signaling molecule in peripheral nerves, where it

promotes myelin sheath formation by activating

expression of specific hormone sensitive genes

[173]. However, the role of progesterone on periphe-

ral vaginal arousal is poorly understood. In the follo-

wing section is a brief discussion of the experimen-

tal data on sex steroid hormones in modulating the

physiological process of arousal. Specifically discus-

sed is the role of steroid hormones in modulation of

i) blood flow, ii) lubrication, iii) neurotransmitter

function, iv) smooth muscle contractility), v) mucifi-

cation, and vi) sex steroid receptor expression in

genital tissues.

a) Modulation of Genital Blood Flow by Estrogens

and Androgens 

Although sexual receptivity in the female of lower

animals is controlled by estrogens, sex drive in

women is not stimulated by estrogen, as experienced

in clinical studies. However, administration of

androgens in females intensifies sexual interest
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[149]. Clinical and pre-clinical studies strongly sup-

port a role of estrogens in modulating genital blood

flow [29, 157,158]. In an animal model, it has been

shown that treatment of ovariectomized animals with

estradiol or estradiol plus testosterone increased pelvic

nerve-stimulated genital blood flow when compared

to controls [29, 154, 158]. Treatment of ovariectomi-

zed animals with testosterone alone did not result in

increased genital blood flow [158]. These observa-

tions suggest that estrogens regulate the vascular com-

ponents of genital tissues and androgens markedly

facilitate genital blood flow in estrogenized animals 

b) Modulation of Vaginal Lubrication by Estrogens

and Androgens 

Vaginal lubrication is an indicator of tissue health

and genital sexual arousal and facilitates sexual

intercourse. The decline in circulating estrogen

levels associated with menopause is thought to be

responsible for many of the sexual complaints seen

in post-menopausal women [157, 174]. Estrogen

deprivation may lead to decreased pelvic blood flow

resulting in diminished vaginal lubrication, clitoral

fibrosis, thinning of the vaginal wall and decreased

vaginal submucosal vasculature [155]. In addition,

estrogen deficiency leads to involution and atrophy

of the genital organs, adversely affecting cervical,

endocervical, and glandular mucin production. In

contrast, estrogen therapy in post-menopausal

women increases pelvic blood flow, re-establishing

vaginal integrity and lubrication. 

The effects of ovariectomy and estrogen replacement

on vaginal lubrication were investigated in an animal

model. Ovariectomy markedly diminished vaginal

lubrication, suggesting that genital atrophy and dimi-

nished genital blood flow, secondary to estrogen

deprivation, may bring about structural and functio-

nal changes in the genital tissues that negatively

affect lubrication. Treatment of ovariectomized ani-

mals with estradiol significantly increased vaginal

lubrication. Interestingly, treatment with testosterone

alone did not improve vaginal lubrication [29]. The

data in this study demonstrate that estrogen replace-

ment in ovariectomized animals normalized vaginal

lubrication to levels observed in control animals.

These observations suggest that estrogen therapy in

post-menopausal women with complaints of dimini-

shed vaginal lubrication and genital atrophy may res-

tore vaginal lubrication and health.

c) Regulation of Vaginal NOS Activity by Estrogens

and Androgens 

The role of NOS/cGMP pathway in regulating genital

blood flow has been under investigation. Traish et al

and others have demonstrated the expression of phos-

phodiesterase type 5 in the vagina [112, 113], sugges-

ting a role for this enzyme in regulating the second

messenger cGMP. Cellek and Moncada [89] have

shown that the clitoral corpus cavernosum relaxes in

response to NO and that this response is facilitated by

PDE type 5 inhibitors. Kim et al. reported that NOS

plays an important role in stimulating blood flow in an

animal model [28] and that inhibition of NOS by

administration of LNAME resulted in reduced vaginal

blood flow. The effects of androgen and estrogen

deprivation and replacement on the expression and

activity of NOS in rabbit vaginal tissue were investi-

gated [175]. Androgens enhanced and estradiol down-

regulated NOS activity and protein in the vagina of

ovariectomized rabbits. 

Observations were in agreement with those reported

by Batra and his colleagues with estrogen and proges-

terone in the rabbit model [104, 159- 161, 175, 176].

The significance of down-regulation of NOS by estro-

gens and its up-regulation by androgens on vaginal

hemodynamic parameters remains to be determined.

Several clinical studies with sildenafil in women pro-

duced contradictory results [130-132, 177, 178]. It

remains to be determined, however, if the endocrine

status of the patient may play an important role in

determining whether PDE type 5 inhibitor will be

effective in facilitating genital arousal response. 

d) Effects of androgens and estrogens on vaginal

smooth muscle contractility 

In the female animal model, pelvic nerve stimulation

induces a coordinated peripheral genital swelling

and lubrication response, increased clitoral and vagi-

nal blood flow, increased length and diameter of the

vaginal canal and clitoral corpus cavernosum,

increased tissue pressure and engorgement of the

vaginal wall and clitoris, and development of a trans-

udate of lubricating fluid from the vaginal vasculatu-

re. 

The changes in the tissue properties of the vaginal

canal are in part regulated by smooth muscle

contractility. It has been demonstrated that ovariec-

tomy reduces smooth muscle relaxation to electric

field stimulation and to VIP in organ bath studies

[164]. Estrogen treatment of ovariectomized animals

reduced the relaxation response. In contrast, andro-

gen treatment facilitated VIP-induced relaxation.

These observations suggest that androgens facilitate

vaginal smooth muscle relaxation while estrogens

attenuate this response [164].
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e) Effects of ovariectomy and estrogen replacement

on vaginal sialic acid content (mucification)

It has been suggested that mucin production in the

vagina is stimulated by low doses of estrogen and is

reduced by high doses of estrogen [163, 179, 180].

The effects of estradiol on production of sialic acid

in the rabbit vagina were investigated by Traish and

Kim (unpublished data). One group of animals

remained intact and four groups underwent bilateral

ovariectomy. Two weeks post-ovariectomy, animals

were treated with vehicle, estradiol or testosterone.

The ovariectomized, vehicle treated group showed a

significant decrease in vaginal sialic acid concentra-

tion compared to the control group. Animals treated

with estradiol demonstrated further decreases in

vaginal sialic acid concentration, whereas no

changes were observed with testosterone treatment,

relative to the vehicle treated group. These observa-

tions suggest that estrogens regulate mucin produc-

tion in the vagina, as demonstrated by reduced sialic

acid content.

f) Effects of steroid hormones on estrogen and

androgen receptors in the vagina

The vagina is a target tissue for sex steroid hor-

mones. Several studies have shown the presence of

steroid receptors by biochemical and immunochemi-

cal assays [181-188]. While the effects of steroid

hormones on regulation of estrogen and progestero-

ne receptor in reproductive organs have been exten-

sively investigated [189], there are limited studies on

the regulation of expression of sex steroid hormone

receptors in the vagina. Steroid receptors are regula-

ted differentially in different target tissues by sex ste-

roid hormones. For example, estrogens increase

expression of estrogen and progesterone receptors in

uterine tissue [190]. However, in preliminary studies,

we have observed that ovariectomy increased vagi-

nal tissue content of ER alpha (Kim et al., unpubli-

shed observation). Further, estrogen treatment of

ovariectomized animals reduced ER alpha expres-

sion in the vagina, as assessed by ligand binding stu-

dies and western blot analyses, suggesting tissue spe-

cific regulation of ER isoforms by estradiol. Andro-

gen receptor expression is decreased by ovariectomy

and was increased by estradiol or estradiol plus tes-

tosterone treatment, suggesting cross-regulation of

AR by estrogens.

It has recently been reported that ERα expression is

diminished or lost in the vagina of postmenopausal

women, suggesting loss of physiological response

mediated by this receptor isoform [188]. 

Since hormone therapy is utilized for management of

post-menopausal women, it would be important to

determine how sex steroids regulate the expression

of vaginal steroid hormone receptors. Moreover,

these studies will be invaluable to correlate the

changes in receptor expression with changes in neu-

rotransmitter function in modulating the physiologi-

cal parameters of vaginal arousal (vaginal blood

flow, lubrication, mucification and smooth muscle

contractility). 

3. SUMMARY

The important role sex steroids play in modulating

sexual function in women has been recognized for

many years. Receptors for sex steroid hormones

(estrogens, progestins and androgens) are widely

expressed in the brain and genital tissues suggesting

that steroid hormones may modulate sexual function

at the central level (desire and arousal) as well as the

peripheral level (genital, arousal,). Sex steroid hor-

mones are critical in maintaining structural and func-

tional activity of genital tissue and therefore may be

critical for genital arousal physiology (genital blood

flow, lubrication, mucification, and sensation).

(Figure 5) While the effect of androgens on sexual

desire is fairly established, the role of sex steroid

hormones on genital sexual arousal is not well

understood. Sex steroid hormones’ modulation of

genital tissue hemodynamics and genital arousal res-

ponses is an area that had received limited attention.

Decreased circulating levels of estrogen following

bilateral oophorectomy in the rabbit altered nerve-

mediated vaginal blood flow and vaginal structure

[157] and lubrication [158]. 

Administration of estrogen to ovariectomized ani-

mals increased genital blood flow [157, 158] and res-

tored vaginal lubrication [29, 158]. Nevertheless, the

cellular and molecular mechanisms by which estro-

gens regulate vaginal blood flow and lubrication

remains poorly defined. Frequency- and dose-depen-

dent relaxation of vaginal tissue strips caused by

electric field stimulation and VIP were attenuated in

ovariectomized animals, enhanced by androgen

treatment and significantly inhibited in estrogen trea-

ted animals [164]. Androgens increase vaginal muci-

fication in the rat [171, 172]. Estrogens reduced

vaginal mucification [163].
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1. ANIMAL MODELS OF FEMALE SEXUAL

FUNCTION

Few animal models have attempted to mimic the

physiological changes that occur during orgasm in

women since one cannot determine whether an ani-

mal ‘experiences orgasm’, unlike men where orgasm

and ejaculation are related and relatively easily mea-

sured. Therefore, an appropriate model for orgasm in

females has to rely on mimicking the physiological

changes that occur during orgasm. Models develo-

ped to date to study female sexual function include

lordosis, a hormone dependant behavior that exa-

mines the receptivity of the females [191, 192],

pacing and proceptive behavior [15, 193], vaginocer-

vical stimulation [194-197], and urethrogenital

reflex [198, 199]. Other researchers have measured

changes in vaginal and clitoral blood flow, tempera-

ture and secretions [34, 123, 126]. Due to delayed

development of an appropriate model for female

orgasmic reflexes and its implications, most studies

to date have been performed in males with only a

few studies in the last decade in females.

a) Urethrogenital reflex – a model of ‘climax’

The urethrogenital (UG) reflex model mimics the

genital changes seen during ‘climactic’ responses.

The UG reflex is a sexual response generated by a

multisegmental spinal pattern generator involving

the coordination of sympathetic, parasympathetic

and somatic efferents innervating the genital organs.

The neural responses are similar in males and

females; the reflex is a spinal reflex, similar to the

IV. PHYSIOLOGY OF ORGASM IN

FEMALES 
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orgasmic reflex described in spinal cord injured

patients [200, 201]. In the acutely spinalized female

rat, genital stimulation evoking the UG reflex results

in rhythmic contractions of the striated perineal

muscles as well as vaginal, anal and uterine contrac-

tions [198, 202]. Recordings in women during

orgasm have shown coordinated rhythmic contrac-

tions of the vagina and anal sphincter that are vir-

tually identical to recordings obtained during the UG

reflex in the female rat [198, 199, 203, 204]. The UG

reflex model has been used to examine the CNS

control of genital reflexes (Figures 6 and 7).

b) Peripheral regulation of orgasmic reflexes

Orgasmic reflexes are regulated by both the somatic

and autonomic nervous systems. The pudendal

(somatic) nerve relays sensory stimuli from the

external genitals, the perineum, clitoris and urethra,

and the pelvic floor musculature. These sensory

signals are essential for the urethrogenital (UG)

reflex, [198, 205] and lordosis behavior [192]. The

pelvic and hypogastric nerves mediate sensory infor-

mation from the internal pelvic organs. Light touch,

noxious or chemical stimuli of the vagina, cervix,

and uterus are primarily mediated via the pelvic

nerve [206-208]. The pelvic nerve is also vital for

pregnancy or pseudopregnancy induced by mating or

cervical stimulation [209-211]. The hypogastric

nerve afferents that innervate the uterus, cervix, and

ovaries may be important in the transmission of

noxious stimuli from the uterus and genital vasocon-

gestion [200, 201, 212-214]. 

While the pelvic and hypogastric afferents are not

essential for evoking the UG reflex, their role in

mediation of other sensory inputs during orgasm is

unknown. Neural activity in the pelvic, pudendal and

hypogastric nerve afferents are sensitive to the level

of gonadal steroid hormones [206. 212. 213, 215-

217], therefore these nerves may be important in hor-

mone sensitive reflexes. 

c) Non-spinal pathway (vagus nerve)

Evidence suggests that the vagus nerve conveys sen-

sory information from female pelvic organs to nuclei

in the brainstem [145, 218-220]. The vagal pathway

appears to remain functional after spinal cord tran-

section and has been implicated in menstrual cram-

ping, analgesia, and the psychological feeling of

orgasm in women with complete spinal cord transec-

tion. Electrophysiological studies in the rat support

the idea of a vagal-genital pathway, but clear eviden-

ce for a direct pathway involved in genital organ res-

ponses remains to be clarified. Recordings of neu-

rons in the nucleus tractus solitarius respond to

mechanical stimulation of the vagina, uterine horn

and cervix [221]. These responses were eliminated

by spinal cord transection suggesting an essential

spinal pathway. However, evidence for a direct link

between the nucleus tractus solitarius and uterus was

also provided. These authors concluded that the

vagal nerve may act in a facilitatory role supplemen-

tal to the spinal pathways. The UG reflex is not abo-

lished by vagal nerve cuts in the acutely spinalized,

anesthetized female rat [222] and therefore is not

dependant on vagal pathways. It is unclear whether

the vagal pathway is supplemental to the spinal sys-

tems, or whether this pathway is activated after spi-

nal damage. Further animal studies and verification

of this hypothesis in clinical studies is required.
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d) Peripheral nerve inputs to the spinal cord

Animal studies (primarily performed in rats) have

examined the neuroanatomical pathways of the

nerves involved in sexual function. The pudendal

nerve afferents enter the spinal cord through the

superficial dorsal horn of segments L6-S1 (human -

S2-S4) and travel through the medial dorsal horn to

the dorsal gray commissure, which is located in the

medial cord [143, 223, 224]. Pelvic afferents termi-

nate primarily in spinal segments L6-S1 (sacral cord

in humans). The fibers course through the lateral dor-

sal horn and extend toward the intermediolateral cell

column. In addition, some fibers course through the

medial dorsal horn and enter the medial gray [140,

225, 226]. The hypogastric nerve afferents terminate

in the medial dorsal horn and medial gray of spinal

segments T13-L3 [227].

e) Ascending and Descending Spinal Pathways

The spinothalamic and spinoreticular pathways relay

sensory information to the brain. Primarily these

pathways travel in the dorsal columns and dorsal

lateral quadrant and consist of fast myelinated fibers

which terminate in the thalamus [228-230]. Most of

the spinoreticular fibers cross to the opposite side of

the cord (below T8) and travel in the lateral spinal

columns terminating in brainstem reticular formation

[230]. Descending information from the brain also

passes through the dorsal and dorsolateral white mat-

ter before entering the spinal gray; the majority of

the fibers of these pathways are crossed.

Recent studies in the rat have identified a group of

spinothalamic neurons that may be involved in eja-

culation [231, 232]. These neurons, located in the

lumbar cord, contain galanin, cholecystokinin and

enkephalin [231-233]. C-fos is an immediate early

gene that can be visualized in activated CNS neurons

using immunocytochemistry [234, 235]. Using

double labeling of fos and galanin, it was reported

that galanin containing cells in L3-L4 of the spinal

cord were activated with ejaculation and the UG

reflex in the male but were not activated with vagi-

nocervical stimulation in the female. Further studies

examining the role of these neurons are required to

clarify whether or not they have a role in female

orgasmic responses.

2. EFFERENTS MEDIATING GENITAL RESPONSES

Orgasmic responses of the genital organs are media-

ted through autonomic and somatic efferents. These

responses are regulated in a coordinated fashion. The

efferent fibers of the pudendal nerve provide inner-

vation of the pelvic floor and anal and urethral

sphincters [143, 236]. The pudendal motoneurons

are located in the ventral horn of the lumbar spinal

cord in Onuf’s nucleus, which in the rat is divided

anatomically into the dorsomedial and dorsolateral

nuclei [143, 237]. Application of neuroanatomical

tracers to the rat pelvic nerve resulted in labeling of

the parasympathetic preganglionic neurons (the

sacral parasympathetic nucleus), primarily in the

lumbosacral spinal cord [226, 238]. Application of

tracers to the hypogastric nerve resulted in labeling

of the sympathetic preganglionic neurons in the

upper lumbar spinal cord [141, 238, 239]. The pre-

ganglionic neurons were found in the medial gray

and intermediolateral cell column. 

a) Spinal Interneurons/ spinal pattern generator

The genital afferent input to the spinal cord relays

through spinal interneurons, which eventually send

signals to the efferent neurons that control the pelvic

organs. The sensory information is also sent to other

spinal segments and to the brain. Sexual reflexes

occur in a coordinated fashion, therefore important

spinal interneurons that transverse multiple spinal

segments must regulate this coordination. A number

of electrophysiological, anatomical, and functional

studies have provided some information concerning

the location of these spinal interneurons. 

Anatomical transneuronal tracing studies using the

neurotrophic virus, pseudorabies virus (PRV), have

demonstrated the spinal neurons that innervate the

pelvic organs. PRV was injected into the clitoris and

uterus of female rats [142, 240, 241]. Postganglionic

neurons were found in the major pelvic ganglia.

Sympathetic and parasympathetic preganglionic

neurons were also labeled. Spinal interneurons were

located in and around the intermediolateral cell

column and in the medial gray forming a column of

neurons through segments T13-S1. These studies

suggest that spinal interneurons involved in sexual

function course through the lower thoracic lumbosa-

cral cord in the lateral and medial gray. These cells

may be important in the integration of pelvic res-

ponses seen during sexual behavior.

Electrophysiological recordings in the cat have also

suggested that interneurons in the medial gray are

important in mediation of pelvic visceral and per-

ineal stimulation [242-244]. 

Activation of c-fos, an immediate early gene, has

been used to identify spinal and brain neurons that

are activated during sexual function [202, 245-247].

Activation of the UG reflex led to increased activity
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in spinal circuits that span multiple segments. The

spinal circuits involve an afferent arc via the puden-

dal nerve and efferent outputs via the parasympathe-

tic and sympathetic nerves (pelvic and hypogastric).

In addition, fos positive nuclei were found throu-

ghout the dorsal horn suggesting that the dorsal horn

neurons form connections within the superficial

laminae and these cells may be important in coordi-

nating intraspinal and supraspinal information. Local

interneurons in the lateral, intermediate and medial

gray were associated with the preganglionic neurons

[202]. These cells may represent components of the

spinal pattern generator that regulates the UG reflex.

3. PHARMACOLOGICAL CONTROL OF ORGASM

Little is known about the pharmacological control of

orgasmic reflexes in females. Similar pharmacologi-

cal control in males and females is suggested due to

the similar orgasmic dysfunctions in both sexes with

the same class of drugs (e.g. SSRI, antihypertensive).

While some information is known about the local

neurotransmitters subserving blood flow to the penis

and clitoris (e.g. NO, adrenergic etc) there is little

known about the CNS neurotransmitters involved in

mediating sensory and motor output during orgasm

(see below). In male rats some evidence for a role for

acetylcholine in erections, ejaculation and the UG

reflex has been suggested [248, 249]. Since pregan-

glionic and pudendal motor neurons contain acetyl-

choline, both spinal and peripheral mechanisms are

possible. However, no studies have been done in

females. 

a) Supraspinal control: Inhibitory Control

The brain exerts an inhibitory and facilitatory

influence on the spinal cord pathways involved in

orgasmic reflexes. The nucleus paragigantocellularis

(nPGi) exerts an inhibition of spinal sexual reflexes

in males and females [250, Marson personal com-

munication). Bilateral lesions of this nucleus release

the inhibition of the UG reflex and facilitate ex copu-

la sexual reflexes and ejaculation [250-252]. The

nucleus paragigantocellularis projects directly to pel-

vic efferent neurons and interneurons in the lumbo-

sacral spinal cord [202, 250, 253-255] and directly

innervates spinal neurons activated with the UG

reflex [202]. Neurons in this area are transneuronal-

ly labeled following virus injection of a variety of

pelvic organs including the clitoris, uterus, penis,

prostate and perineal muscles [142, 241, 251, 256,

257]. In addition, the nucleus paragigantocellularis

receives genital sensory information in males and

females [191, 258, 259]. Many bulbospinal neurons

in this region stain for multiple neurotransmitters,

including serotonin, and serotonin fibers are found in

the spinal cord [260, 261]. Application of serotonin

to the lumbosacral cord inhibits sexual reflexes in

males [261]. Serotonin levels increase with the use

of SSRI antidepressants and a higher incidence of

orgasmic dysfunction is seen in both men and

women using SSRI [262, 263]. This may be one

mechanism of action. In addition, peripheral seroto-

nin modulates the chemosensory pathways from the

urethra [264]. However, other neurotransmitters such

as thyrotropin-releasing hormones may be involved

in the inhibition of penile erections in males,

although its role in orgasmic reflexes in females has

not been examined [265].

b) Supraspinal control: Facilitatory control

Brain regions also facilitate sexual behavior. This is

evident from psychogenic and nocturnal erections

and arousal. It is well established that the medial

preoptic area (MPOA) plays an important role in

sexual behavior, especially in males. Lesions of this

region severely attenuate or abolish male copulatory

behavior in multiple species [68]. The MPOA does

not appear to specifically regulate erections or sexual

motivation, since medial preoptic lesions do not abo-

lish erections caused by exposure to volatile odors

from estrus females and masturbation [266-268].

However, stimulation of the MPOA induces the UG

reflex and vaginal vasocongestion, and injection of

galanin into the MPOA facilitates some female

sexual behaviors [34, 269-272]. The MPOA does not

directly innervate spinal circuits involved in sexual

reflexes, therefore neurons in this region may relay

various aspects of sexual behavior through other

hypothalamic or brainstem nuclei [273-275]. Cells

are activated in response to female sexual behavior

in the MPOA [276-278]. Dopaminergic mechanism

in the forebrain mediate some aspects of male and

female sexual behavior [279-281], but the role of

dopamine in orgasmic function in the female has not

been studied.

The ventromedial nucleus of the hypothalamus is cri-

tical for the expression of lordosis behavior and neu-

rons in this region are labeled following virus injec-

tion into the uterus and vagina [192, 241, Marson

personal communication]. However, the relevance of

lordosis to human sexual behavior has not been

ascertained. Other brain regions may be involved in

orgasmic reflexes such as the raphe magnus, Bar-

rington’s nucleus, periaqueductal gray, ventral teg-
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mental area, paraventricular nucleus, medial amyg-

dala, bed nucleus of the stria terminalis and the cere-

bral cortex. Most of these regions are labeled after

transneuronal tracing of the genital organs and/or are

activated with sexual behavior or project to the lum-

bosacral spinal circuits mediating orgasmic reflexes

[142, 191 196, 241, 253, 254, 277, 278, 282-285],

however their specific contribution to female orgas-

mic responses has yet to be determined.

Arousal: Evidence-based data on genital blood flow

and sexual arousal in women 

Sex steroids play a crucial role in maintaining the

anatomical and functional integrity of all the struc-

tures involved in women’s sexual function [286,

287]. However, given the variety of physical, emo-

tional and cognitive issues influencing women’s

sexual health [288-290], direct involvement of sex

steroids in female sexual dysfunction (FSD) remains

controversial. FSD may appear in all stages of the

reproductive life cycle even though an age-depen-

dent decline, which is particularly evident at the time

of menopause, is highly present [291, 292]. Repro-

ductive-related events (menstrual cycle alterations,

infertility, pregnancy and lactation, etc.) and hormo-

nal manipulations (hormonal contraception, use of

antiandrogens and ovariostatic treatments such as

GnRH analogues, exogenous oral estrogens, etc.) are

associated with consistent changes in desire, arousal

and orgasm in women [293]. Menopause may be

considered a good clinical paradigm for studying the

effects of sex steroid deprivation on women’s sexual

function [294, 295].

1. SEX STEROIDS AND WOMEN’S SEXUAL

FUNCTION

Sex steroids exert both organizational and activatio-

nal effects which are relevant to sexual function, and

their actions are mediated by nongenomic as well as

direct and indirect genomic pathways [296-297].

Androgens are essential for the development of

reproductive function and the growth and mainte-

nance of secondary sex characteristics directly or

through their conversion to estrogens [298]. Estro-

gens, as well, play a critical role in maintaining the

physiological function of many tissues, including the

central nervous system, the genital apparatus, and

organs relevant to general health [299]. Sex steroids

modulate cortical coordinating and controlling cen-

ters interpreting what sensations are to be perceived

as sexual, and issue appropriate commands to the

rest of the nervous system. In addition, sex steroids

affect the sensitivity of both genital organs and hypo-

thalamic-limbic structures where they elicit

conscious perception and pleasurable reactions by

influencing the release of specific neurotransmitters

and neuromodulators [300]. Therefore sex steroids

influence desire, arousal and orgasm throughout neu-

roendocrine and trophic actions in women.

a) Estrogens and women’s sexual function

The importance of adequate estrogen levels in pre-

serving vaginal receptivity and preventing dyspareu-

nia has long been established. At a level of estradiol

(E2) less than 50 pg/ml, women reported vaginal

dryness, increased frequency and intensity of dyspa-

reunia, pain with penetration and deep insertion, and

burning [301]. Women with higher E2 levels had no

complaints related to sexual desire, response or satis-

faction. Indeed, E2 levels below 35 pg/ml are asso-

ciated with reduced coital frequency [302] and decli-

ne in estradiol is related to a decline in sexual func-

tioning [303]. Vaginal dryness has been confirmed as

the most important later consequence of hormonal

changes during menopause [304], but pain during

sexual intercourse seemed to reflect sexual arousal

problems rather than be a pure consequence of vagi-

nal atrophy [305]. Coitally active post-menopausal

women were noted to have less genital atrophy in

comparison to abstinent women and pre-menopausal

sexual satisfaction was significantly associated with

coital activity in elderly women [294]. The positive

effect of E2on mental well-being [306] may highly

contribute to the maintenance of an active sexual life

throughout the aging process.

b) Androgens in women

The major androgens in women include dehydroe-

piandrosterone sulphate (DHEAS), dehydroepian-

drosterone (DHEA), androstenedione (A), testoste-

rone (T) and dihydrotestosterone (DHT). However,

DHEAS, DHEA and androstenedione are considered

as pro-androgens because they require conversion to

testosterone to express their effects. Androgen bio-

synthesis occurs both in the ovary and the adrenal

under the stimulation by LH and ACTH, respective-

ly, together with intraglandular paracrine and auto-

I. AROUSAL
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crine regulatory mechanisms. Two key enzymes are

involved in androgen biosynthesis: P450 SCC and

P450 c17, required for DHEA and androstenedione

production from pregnenolone and progesterone,

respectively. Substantial androgen production origi-

nates from circulating DHEAS, which is a unique

secretory steroid of the adrenal zona reticularis, in

target tissues [307]. The most potent androgen, tes-

tosterone, is secreted by the adrenal zona fasciculata

(25%) and the ovarian stroma (25%), while the

remaining amount (50%) derives from peripheral

conversion of circulating androstenedione (308].

Plasma tesosterone levels are in the range 0.2 e 0.7

ng/mL (0.6-2.5 nmol/L), with significant fluctua-

tions related to the phase of the menstrual cycle,

being highest at ovulation, lowest during the early

follicular phase and higher during the luteal phase as

compared to the early follicular phase. In addition,

tesosterone shows circadian variations, with a peak

in the early morning hours. Testosterone is converted

to DHT in target tissues; DHT is the principal ligand

to androgen receptors but it can also be aromatized to

estradiol [148].

Plasma testosterone levels fall slowly with age [309]

and both free testosterone and androstenedione are

produced in lesser quantity at midcycle in older

women [310], without significant changes of testos-

terone during the menopausal transition [311]. At

physiological menopause, the cessation of follicular

activity is characterized by a significant decline of

ovarian production of androstenedione, more than

testosterone. The progressive fall of plasma testoste-

rone concentrations is the consequence of the redu-

ced peripheral conversion from its major precursor

[312] and from DHEA and DHEAS, which decline

with age [313]. Indeed, plasma testosterone and

androstenedione levels of women in their 60’s are

about half those in women aged 40 years. As far as

surgical menopause is concerned, bilateral oophorec-

tomy both pre-menopausally and post-menopausally

leads to a sudden 50% fall in circulating testosterone

levels [314]. Recent data suggest that during post-

menopause, approximately 100% of active sex ste-

roids derives from peripheral conversion of precur-

sors, mainly DHEA and DHEA-S, to estrogens and

androgens [315]. This data support the concept that

target tissues may represent a local source of testos-

terone and estradiol, starting from circulating ova-

rian and adrenal precursors. The key tissue-specific

enzyme, responsible for peripheral conversion, is

represented by the various forms of 17-b-HSD. The-

refore, circulating levels may not even reflect the

action of sex steroids in different target tissues [316].

Finally, it is important to note that SHBG, the protein

binding circulating testosterone, plays an important

role in influencing the free androgen index (FAI)

during oral contraception and under oral, but not

transdermal, administration of estrogens, at meno-

pause [317, 318]. The increase of SHBG may be,

indeed, responsible for FSD by lowering unbound

steroid fractions which are the biologically active

components. 

c) Androgens and women’s sexual function

While the androgen influence over women’s sexual

function has been hypothesized for a long time, it is

only in recent years that basic research in laboratory

animals and clinical trials with androgenic com-

pounds are contributing to the understanding of the

role of androgens on libido and sexual arousal [287].

Studies conducted in women of fertile age found an

increase in the establishment of interpersonal rela-

tionships and exchange of sexual pleasure during the

periovulatory period, corresponding to the plasma

androgenic peak, even though no clear correlation

has been reported between plasma androgen levels

and sexual response [319, 320]. The strong motiva-

tion for sexual activity at the time of ovulation may

be due to the peak of estradiol.

Some authors have reported that serum testosterone

levels are related to genital response and to subjecti-

ve physical sensation (lubrication and breast sensiti-

vity) in response to visual erotic stimulation both in

pre-menopause and post-menopause [321]. Moreo-

ver, anti-androgen administration has been associa-

ted with low libido in females [322]. Further eviden-

ce suggests that circulating free testosterone relates

to sexual desire and masturbation in young women

[323], while decreased free testosterone and DHEA-

S were found in the majority of pre- and post-meno-

pausal women complaining of decreased sexual desi-

re [324]. While oral contraception seems to interfere

with the spontaneous expression of sexual desire, the

effects of the pill on mental well-being may play a

role in sexual motivation [325, 326]. The relation-

ship between sexual function and sex steroid changes

from the use of oral contraceptives remains to be

established, since women on the pill with lower

androgen levels are those who declare a higher

degree of sexual satisfaction [327]. No correlation

has been established between the average levels of

testosterone and sexual desire, sexual interactions, or

autosexuality among contraceptive users, with only

non-users reporting a decrease in levels of sexual
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desire during the peri-menstrual period associated

with the changes in free testosterone over the mens-

trual cycle [328]. By contrast, during the pill-free

week, when testosterone levels were found more ele-

vated in contraceptive users, many women reported

an increase in sexual motivation [329]. Finally, 5a-

reductase activity is significantly impaired in target

tissues in those women reporting low libido follo-

wing menopause [330], while a significant correla-

tion has been found between high levels of circula-

ting testosterone and androstenedine and a lower

index of vaginal atrophy [331].

d) Androgen insufficiency syndrome

Surgical menopause is associated with the androgen

insufficiency syndrome, an increasingly accepted

clinical entity comprising specific symptoms [332].

The fact that androgens serve as precursors for syn-

thesis of estrogens in women, and therefore serum

levels of androgen are expected to be greater than

estrogen plasma levels, suggest that androgen insuf-

ficiency may exist in pre-menopausal as well as post-

menopausal women. Androgen insufficiency in both

pre-menopausal and post-menopausal women is a

valid clinical diagnosis, under specific conditions. 

Clinical symptoms of androgen insufficiency include

diminished well-being, lethargy, loss of sex drive

and interest, unexplainable fatigue and blunted moti-

vation. Other signs of androgen insufficiency inclu-

de reduced pubic hair, bone mass, muscle mass, poor

quality of life, and more frequent vasomotor symp-

toms, insomnia, depression and headache [333].

Androgen insufficiency occurs in a number of cir-

cumstances, including normal aging (physiological

menopause without estrogen therapy and pre-meno-

pausal women reporting low libido and with circula-

ting free T levels at lower limits of detection), ova-

rian insufficiency (unilateral oophorectomy, hyste-

rectomy, spontaneous premature ovarian failure,

after chemotherapy, after radiotherapy, hypothalamic

amenorrhea), adrenal insufficiency (adrenal failure

or surgery), in combination (hypopituitarism, auto-

mimmune adrenal and ovarian failure), iatrogenic

(treatment with exogenous oral estrogens, anti-

androgen therapy, oral contraceptives, GnRH agonist

therapy or chronic exogenous corticosteroid admi-

nistration) [334]. 

Despite the growing interest in treatment of sexual

dysfunction with androgens in the clinical practice,

no normal range of testosterone has been agreed

upon. This lack of consensus of definition is due in

part to the difficulties with the sensitivity of assays

for total and free testosterone in women and the fluc-

tuations during the menstrual cycle and menopausal

status [333]. At present it is considered reasonable to

use values at or below the lowest quartile of the nor-

mal range for women in their reproductive years to

support the diagnosis of androgen insufficiency syn-

drome. The biologically active androgen is testoste-

rone, which circulates bound tightly to sex-hormone-

binding globulin (SHBG) and loosely to albumin and

transcortin. The fraction of testosterone which

remains unbound to SHBG is deemed bioavailable.

Thus plasma levels of total testosterone and free tes-

tosterone as well as SHBG need to be determined cli-

nically. Treatments include estrogen therapy to resto-

re adequate plasma estradiol levels in order to secu-

re the vaginal environment, and after excluding other

organic issues, androgen therapy to normalise andro-

gen levels. Despite the lack of sensitivity of the

assays and limited controlled clinical studies, an

increasing body of evidence is emerging suggesting

that women with signs and symptoms of androgen

insufficiency respond well to androgen therapy

without significant side-effects.

e) Estrogen and estrogen/progestin therapy

A recent systematic review including all randomized

and placebo-controlled trials of treatment for FSD in

postmenopausal women concluded that many treat-

ments that are used in practice are not supported by

adequate evidence [334]. Dyspareunia due to vaginal

dryness appears to be most responsive to estrogen

therapy (ET) via restoration of vaginal cells, pH, and

blood flow [301]. Progestins can oppose these

changes and lead to a recurrence of dryness and dys-

pareunia depending on their biochemical properties

[336, 168]. However, even though estrogen therapy

and estrogen/progestin therapy may be effective

treatments for vaginal atrophy, increasing vaginal

lubrication, they have not been shown to consistent-

ly increase sexual desire or activity and many

women with FSD remain unresponsive [337]. There

is a significant subgroup of women whose sexual dif-

ficulties respond initially to estrogen therapy but

who subsequently revert to their initial problems,

especially when that problem was loss of libido

[338]. Studies conducted in the 1970’s reported that

vaginal dryness was significantly decreased with

estrogen therapy but women did not find any

changes in masturbation, orgasm, frequency of inter-

course or coital satisfaction [339]. Other reports in

surgically and naturally menopausal women treated

with oral conjugated estrogens failed to demonstrate

positive effects on libido [340, 341], while a signifi-
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cant benefit of estrogen therapy on libido, sexual

activity, satisfaction, sexual function and capacity for

orgasm was found in Swedish post-menopausal

women [342]. A randomized, double-blind, placebo-

controlled, crossover trial of estrogen and progestin,

alone and in combination, found beneficial effect of

estrogen and estrogen/progestin therapy on sexual

desire, enjoyment, orgasmic frequency and vaginal

lubrication, with no difference in coital frequency on

a short-term basis [343]. A recent study with trans-

dermal estrogen therapy in postmenopausal women

showed an improvement in satisfaction with fre-

quency of sexual activity, sexual fantasies, vaginal

lubrication and lack of pain during intercourse,

without any effect on sexual arousal and frequency

of orgasm [344]. 

Collectively, these data underline the evidence that

estrogen and estrogen/progestin therapies are not

univocally efficacious in treating female sexual dys-

function and the addition of androgen has proved

helpful. However, it is necessary to investigate the

differences, mainly on plasma sex steroid and SHBG

levels, among various schemes of conventional hor-

mone therapies in terms of type of molecule, route of

administration, mechanism of action and metabo-

lism.

f) Estrogen/androgen therapy 

The most interesting findings on positive sexual

effects of sex steroids at menopause come from stu-

dies with oral and transdermal combination of estro-

gens and exogenous testosterone. In the past, testos-

terone propionate administered twice weekly at a

dose of 25 mg, starting on the 12th day of the mens-

trual cycle, and at a maintenance dose of 10 mg

monthly thereafter, was effective in relieving meno-

pausal symptoms in those women who did not have

complete benefit with estrogen therapy [345]. While

relieving hot flushes, estrogen/androgen therapy

improved well-being and libido and produced a

“smoother transition” [346]. In a series of surgically

menopausal women treated with estrogen/androgen

therapy, sexual arousal, desire and fantasies increa-

sed in comparison with estrogen therapy alone, and a

positive effect on frequency of coitus and orgasm

was particularly evident during the first 2 post-injec-

tion weeks [167]. In a pilot case series of non-

responders to oral estrogen therapy, androgen thera-

py by implants was added with a significant impro-

vement in libido, enjoyment of sex, ability to reach

orgasm and initiation of sex [347]. Similarly, women

on estrogen therapy complaining of loss of desire and

reduced enjoyment of sex who were treated with

estrogen/androgen therapy implants showed signifi-

cant improvement with a marked change in orgasmic

capacbility and initiation of sex when androgen thera-

py was added [169]. When post-menopausal women

unhappy with their estrogen therapy regimen were

randomized to receive either esterified estrogens or

esterified estrogens with methyltestosterone for 8

weeks, a significant improvement of sexual sensation

and desire was evident with a clear increase in vaginal

blood flow measured by laser Doppler velocimetry

[348]. Sexual function improved with estrogen/andro-

gen therapy, even though circulating estradiol levels

were lower than those measured during previous

estrogen therapy, leading to the conclusion that andro-

gens play a pivotal role in sexual function while estro-

gens do not have a significant impact on sexual drive

and enjoyment [337]. The addition of testosterone

undecanoate improved specific aspects of sexual func-

tion such as enjoyment of sex, satisfaction with fre-

quency of sexual activity and interest in sex more than

estrogen alone in ovariectomized women [349]. A

reproducible result was obtained treating women with

surgical menopause on estrogen therapy with two

doses of transdermal testosterone (150 ug/ and 300

ug/d) versus placebo. A significant improvement in

sexual function with a further increase in scores for

frequency of sexual activity and orgasm when women

were taking the higher dose was reported [350]. In this

study, however, there was an extremely strong respon-

se in sexual function in women on placebo and 24%

of study participants withdrew from the trial because

of androgen-related adverse effects [350]. Therefore,

the use of androgens in the clinical management of

menopause needs a certain degree of caution, in parti-

cular because the long-term effects of such medica-

tions on women’s general health are still unknown.

The type and route of androgen therapy seem crucial

given the evidence that oral methyltestosterone, and

not transdermal testosterone, decreases SHBG pro-

duction and affects bioavailable plasma sex steroid

levels differently when combined with different types

of estrogen therapy [348,350]. There is, however, no

doubt that estrogen/androgen therapy is efficacious in

treating FSD at menopause and should be use in clini-

cal practice to improve sexual symptoms at menopau-

se.

g) Other hormonal agents

Estrogen/androgen therapies are still unavailable in

several countries. In Europe long-term experience

with treating climacteric symptoms, depressed mood

and libido is available with tibolone, a synthetic ste-
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roid with tissue-specific estrogenic, progestagenic

and androgenic properties [351, 352]. Apart from the

direct effects of its metabolites in the vagina and

brain areas relevant to well-being [353, 354], tibolo-

ne lowers SHBG, thus increasing free estradiol, tes-

tosterone and DHEA-S levels [355]. In randomized

studies against placebo or estradiol/NETA, tibolone

treatment alleviates vaginal dryness and dyspareu-

nia, ameliorating issues with libido, arousal and

sexual satisfaction in post-menopausal women to a

greater extent [356, 357]. Moreover, tibolone shows

a positive effect on sexuality which is reproducible

with that observed with estro-androgenic prepara-

tions [358]. This data, together with the recent obser-

vation that tibolone significantly increases vaginal

pulse amplitude at baseline and following erotic sti-

mulation against placebo [359], further supports the

notion that such a tissue-specific compound is a good

therapeutic option to relieve decreased libido, arou-

sal and lubrication at menopause because of its estro-

genic and androgenic properties.

Concomitant administration of raloxifene, a selective

estrogen receptor modulator (SERM), used in the

prevention of menopausal osteoporosis, did not alter

the effects of the 17β-estradiol ring on symptoms of

genitourinary atrophy [360] and did not counteract

the improvement of vaginal atrophy observed by use

of either low-dose conjugated estrogen cream or

non-hormonal moisturizer in post-menopausal

women [361]. DHEA, as a precursor of estradiol and

testosterone, has been proposed as the treatment for

decreased libido in both pre- and post-menopausal

women, with encouraging results [362, 363]. Studies

conducted in elderly women have shown a positive

effect of DHEA on mental well-being and on moti-

vational aspects of sexuality with a mild relief of cli-

macteric symptoms [364].

h) Conclusion

Better understanding of the role of sex steroid hor-

mones in modulating female sexual function requires

investigation of the biochemical, cellular and phy-

siological mechanisms by which sex steroid hor-

mones modulate sexual function in general and geni-

tal sexual arousal in particular in experimental

models. With the emerging consensus on female

sexual dysfunction and sex steroid insufficiency

together with establishment of a host of experimen-

tal models and the advancement in biochemical and

molecular biology approaches for pre-clinical resear-

ch, it is anticipated that the coming years will bring

advancement in knowledge resulting in better mana-

gement of female sexual dysfunction by sex steroid

hormones

Further studies are needed to clarify the relevance of

sex steroids to women’s sexual function and the

impact of hormonal treatments on the clinical

expression of sexual symptoms. Well-defined end-

points and outcomes and a general consensus on the

diagnostic framework for assessment and treatment

of FSD are important goals for the future of sexual

health and well-being. Even from a hormonal pers-

pective, FSD must involve a multidisciplinary

approach to avoid dangerous body-mind separations. 

Short-summary: Sex steroids are essential in

women’s sexual function, but their direct involve-

ment in sexual dysfunction is controversial, due to

the multidimensionality of women’s sexual health.

Both estrogens and androgens contribute to preserve

libido, arousal and orgasm. Menopause, particularly

when it occurs following surgery, is a good clinical

paradigm for studying the effects of sex steroid

deprivation on women’s sexual function. Several

estrogen therapy and androgen therapy protocols

have been proposed to treat female sexual dysfunc-

tion (FSD); the combination of the two seemed the

most effective in restoring sexual function. Other

hormonal agents, such as tibolone and DHEA have

been proposed with promising effects, however, a

better understanding of the role of endogenous and

exogenous hormones on women’s sexual function is

mandatory.

2. SEXUAL AROUSAL IN WOMEN

a) Vaginal lubrication, basal and during sexual

arousal

During sexual quiescence the human vagina is a

potential space with an H-shaped transverse cross-

section and an elongated S-shaped longitudinal sec-

tion. The anterior and posterior walls of the vagina

are collapsed and touching each other. Nevertheless

they do not adhere as they are covered with a thin

layer of fluid allowing them to separate easily. No

glandular elements have ever been identified in the

normal human vagina. The fluid is mainly a vaginal

plasma transudate mixed with desquamated cervical

and vaginal cells and cervical secretion [365, 366]

for review. The vaginal fluid is transudate from the

circulating blood through the vessels underlying the

vaginal epithelium. A plasma-filtrate from the blood

leaks out of the capillaries into the interstitial tissue

space. In the vagina the fluid then passes through the

epithelium. In the sexually unstimulated state, the

vaginal fluid has a higher K+ and lower NA+

concentration compared to plasma throughout the

phases of the menstrual cycle [367, 368]. The basal

transudate that percolates through the epithelium is
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modified by the cells’ capacity to reabsorb Na+ ions.

During non-sexual stimulation the slow passage

through the epithelium results in sufficient contact

time, making the cells capable of reabsorbing Na+

by the vaginal epithelium and acting as the main

determinant of reabsorption of vaginal fluid through

the mechanism of ionic driving force. This leads to a

basal condition where the vagina is moist, but not

lubricated enough to have penetration without pain. 

During sexual arousal the blood supply to the vagi-

nal epithelium is rapidly increased as a consequence

of neural innervation via the sacral anterior nerves

(S2-S4) [369, 370]. The increased blood flow results

in increased ultrafiltrate through the vaginal epithe-

lium cells and thus a saturation of the limited reab-

sorptive Na+ transfer capacity of the cells. As a

consequence of this, the liquid accumulates at the

vaginal surface as clear, slippery and smooth lubri-

cant, moistening the vagina so painless penile pene-

tration and thrusting is possible. In addition to the

increased blood flow, the venous drainage is most

probably reduced, resulting in vasocongestion and

genital engorgement, clitoral erection and increased

genital sensitivity [366].

b) DSM-IV

In the current DSM-IV classification system, female

sexual arousal is described entirely in terms of geni-

tal indices of a sexual response as the “ lubrication-

swelling response”[371]. The definition of female

sexual arousal disorder (FSAD) is consistent with

this definition. This is in sharp contrast with clinical

practice where it is often the lack of subjective arou-

sal that leads women to seek treatment. Women are,

in contrast to men, relatively unaware of whether

they are lubricating adequately or not and tend to

define sexual arousal in terms of their subjective fee-

ling state [372]. Lack of a physical sexual response

usually leads to complaints of discomfort and pain

and it is rarely presented in terms of a perceived

incomplete or absent lubrication and/or swelling.

Moreover, the problem in diagnosing female arousal

disorder is related to the lack of specificity as to what

exactly constitutes a ‘normal sexual arousal phase’.

Women vary greatly in the ease and latency of sexual

arousal, and in what kind of sexual stimulation is

adequate for sexual arousal to occur [373].

Although the DSM-IV classification system is wide-

ly accepted, it lacks objective, empirically grounded

criteria. Actual clinical practice confronts us with a

large comorbidity of sexual dysfunctions in women.

Difficulties in differential discriminating between

disorders may have to do with the lack of adequate

physical markers for most of the disorders, inade-

quate theory, and the lack of normative data as to

what is ‘functional’ and what is ‘dysfunctional’.

Lack of sexual arousal may well be the underlying

mechanism for many different sexual complaints.

Lack of sexual arousal is often related to inadequate

sexual stimulation due to contextual and relational

variables rather than to somatic causes.

c) Objective Measures of genital sexual responses

Physiological measures for the assessment of sexual

arousal in women have a relatively short history in

sexology [23, 374]. Prior to the development of geni-

tal measures, research on the psychophysiology of

sexual response was only possible by the use of

extragenital measures such as heart rate, respiration,

blood pressure, sweat production, and body tempera-

ture to index sexual arousal. With the work of Mas-

ters and Johnson, genital changes during sexual

arousal started to be observed. For instance, they

described the engorgement of the labia minora with

a two to three fold increase in diameter [375]. As a

result of this engorgement the labia become everted,

exposing their non-squamous epithelium [300].

Labial temperature has been used to measure these

changes [376, 377], whereas vaginal temperature

measured by means of a thermistor probe was shown

by Fisher to reflect core temperature and was relati-

vely insensitive to changes in arousal [378]. Recent-

ly Sommer et all introduced a method to measure

significant intra-subject changes in partial oxygen

pressure in the vaginal wall and the minor labia

during sexual arousal by means of a modified Clark

oxygen electrode [379].

The erectile tissue of the clitoris, composed of the

clitoral shaft with two corpora cavernosa and the cor-

pus spongiosum, the crura and the clitoral glans,

shows vasocongestion during sexual arousal in much

the same way as does the penis. Only recently

methods such as color Doppler ultrasonography

measurements of clitoral blood flow have become

available to visualize these clitoral changes [380].

Data to discriminate between normal and abnormal

patterns in clitoral blood flow during sexual arousal

start to appear in the literature [381] but the clinical

relevance of these data is still under discussion.

Duplex ultrasonography is used for measuring vagi-

nal blood flow as well. The probe is usually tampon-

shaped or fitted into a vaginal speculum [380, 382].

The challenge is to develop experimental conditions

where the transducer can be comfortably attached to

the measurement site, allowing for continuous mea-
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surement, without requiring the presence of another

person in the same room. A recent study on the

effects of training with the EROS device showed not

only significant increases in clitoral and corpus spon-

giosum peak systolic and end-diastolic velocity

values but in clitoral and corpus spongiosum diame-

ter as well [383]. Magnetic Resonance Imaging

(MRI) is another promising method to monitor

sexual response [384]. Using rapid dynamic serial

high-resolution MRI Maravilla et al described the

genital changes during sexual arousal in a small

group of healthy women [384]. Non-invasive

BOLD-fMRI was used by Park et al for the first time

to visualize those parts of the brain that are activated

during cognitive sexual arousal [385].

Most of the advances of the past two decades are in

the methods used to monitor changes in vaginal

vasocongestion. These methods vary in terms of

validity, specificity, and practical applicability. The

two most widely used techniques to measure vaginal

vasocongestion are vaginal photoplethysmography,

first introduced in 1975 by Sinchak and Geer [386],

and the oxygenation-temperature method developed

by Levin and Wagner in 1977 [387]. Levin and Wag-

ner’s device consists of a heated oxygen electrode

fitted into a suction cup that is attached to the vagi-

nal wall. The electrode is heated by an electric cur-

rent to a set temperature. The amount of electrical

power needed to keep the disc at this temperature can

be monitored. Heat is lost from the disc mainly by

conduction through the tissue and tissue fluid to the

blood. Increased blood perfusion under the electrode

will increase heat loss and increased power will the-

refore be needed to maintain the electrode at the set

temperature. The change in power in milliwatts is an

indirect measure of the change in blood flow under

the electrode, reflecting the pooling of blood in the

vascular bed. The electrode also records the amount

of oxygen that diffuses across the skin, reflecting

transient changes in blood flow. 

The vaginal photoplethysmograph is a menstrual

tampon-sized device, easy to insert and sterilize,

containing incandescent light, or an infrared or

visible red light-emitting diode as a light source, and

a light sensor. The light source illuminates the blood

vessel plexus under the epithelium of the vaginal

wall, and the light sensor picks up the light that is

backscattered from the illuminated area [388]. Two

signals are usually obtained from the light sensor.

When the signal is coupled to a DC amplifier, slow-

ly developing changes in vaginal blood volume

(VBV) are observed, which are thought to reflect

pooling of blood in the vaginal tissue. With AC cou-

pling, a measure of vaginal pulse amplitude (VPA) is

obtained, reflecting phasic changes in vaginal engor-

gement with each heart beat. The greater the blood

content of the vaginal tissue, the greater the signal’s

amplitude. VPA has been shown to have excellent

divergent and convergent validity and is a more sen-

sitive and reliable measure than VBV [371].

Each technique has its advantages and limitations

[389]. For instance, the oxygenation-temperature

measure can be calibrated in terms of absolute blood

flow and is relatively free of movement artifacts. The

reliability of the signal does not seem to be compro-

mised by masturbation, clitoral vibration, or orgasm.

Disadvantages are its expense, the fact that the elec-

trode should not be applied for long periods of recor-

ding to protect the vagina from heat damage, and the

device needs to be attached by the researcher. The

vaginal photoplethysmograph does not determine

absolute levels of blood flow and is not reliable

during and after orgasm [388], but surpasses the

other measure with respect to practical applicability.

It can be inserted by the subject herself and is well

tolerated, thus diminishing the intrusiveness of the

measure and allowing for long recording periods.

With the right statistical design, that is a one-session

within-subjects design or a placebo-controlled cros-

sover design in the case of pharmacological studies,

and the data obtained from vaginal photoplethysmo-

graphy can be readily interpreted. 

Practical applicability is not a trivial issue. Studies

measuring sexual responses in the vagina are limited

as it is, with the restriction to solo sexual activities

and their contrived context [374, 390]. It therefore

seems crucial to use a measure and a procedure that

most women would be willing to undergo, respecting

a woman’s privacy, and allowing her to become

sexually aroused in the laboratory. Balancing validi-

ty and applicability concerns, at present, vaginal

photoplethysmography seems to be the method of

choice. 

3. EVIDENCE OF ORGANIC AND STIMULUS

RELATED FACTORS CONTRIBUTING TO

FSAD

Recently, investigators interested in the pathophysio-

logy of female sexual dysfunction have proposed

that in some women, female sexual arousal problems

are associated with vascular and clitoral erectile

insufficiency [31]. These authors suggest that future

management strategies for women with sexual arou-
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sal problems should be aimed at assessing vasculo-

genic sexual dysfunction, especially if these women

are post-menopausal. It is highly unlikely that orga-

nic factors in female sexual dysfunction are absent.

Nevertheless, the finding of a vascular irregularity

does not necessarily mean that it is the organic factor

causing the sexual difficulties. Psychophysiological

assessment therefore should be more routinely

implemented as a diagnostic tool to answer the ques-

tion whether or not an adequate genital sexual res-

ponse is possible in the presence of possible organic

abnormalities.

Another important question is how well the available

vaginal vasocongestion measures differentiate bet-

ween women with and without sexual problems.

Only a small number of studies exist to date that

assessed differences in vaginal response between

women with and without sexual problems, all using

vaginal photoplethysmography. Some of these stu-

died sexual responses to erotic stimulus materials in

low arousal or non-orgasmic women [391-393],

other studies combined women with different sexual

dysfunctions into one group [22, 394], one studied

low desire and anorgasmic women [395], one study

examined sexual responses of women with dyspa-

reunia to oral sex and intercourse scenes [396] and

one study compared sexual responses of women with

and without FSAD [397]. It is difficult to compare

these studies and interpret the different findings,

because the nature of the sexual problems varied bet-

ween and even within studies, different erotic stimu-

li were used, and studies differed with respect to the

way vaginal responses were measured (using either

VPA or VBV or both) and analysed. 

The Meston and Gorzalka [395] study was the first to

compare different diagnostic categories, thus making

the important step toward differentiating patterns

according to the presenting sexual problem. Wouda

et al [396] were the first to study vaginal responses

of women with sexual problems to sexual stimuli dif-

fering in content. Eighteen women with dyspareunia

participated. In this study an erotic scene depicting

fellatio and cunnilingus followed a neutral baseline

period. Then the women were subjected to a return-

to-baseline period followed by a cunnilingus scene

and an intercourse scene. There were no differences

in VPA between the women with dyspareunia and a

control group of women without sexual problems in

the first four phases of the experiment. But during

the intercourse scene, responses of the control group

further increased while in the dyspareunia group res-

ponses declined. There were no differences in sub-

jectively reported sexual arousal to the last scene.

These results suggest a number of things. First, dif-

ferences in vaginal vasocongestion response may be

highly situation- or stimulus specific. Only during

the intercourse scene VPA was significantly lower in

the clinical group. Second, genital measures and sub-

jective feelings did not correspond. 

A large number of studies have addressed this issue

of correlation between psychophysiological measu-

rements and subjective feelings of arousal. In a few

studies positive correlation between VPA or VBV

and subjective feelings of sexual arousal were repor-

ted, but the majority failed to find a relationship bet-

ween genital and subjective sexual arousal [23, 398].

This finding, confirmed in an MRI study [384],

seems to be unique for women. In men without

sexual problems, correlation between penile circum-

ference change and subjective report are usually fair-

ly high [23]. 

Laan et al consistently found VPA to occur automa-

tically in response to an explicit erotic stimulus such

as erotic film [398]. That is, vaginal vasocongestion

increases within seconds after the onset of the stimu-

lus, without most women being aware of this happe-

ning, even when the stimulus is negatively evaluated

or induces little or no feelings of sexual arousal.

Women simply do not attend to genital changes

when assessing their subjective feeling state. Their

subjective experience of sexual arousal is determi-

ned less by feedback from their genitals (which

becomes more important as genital arousal

increases) than by the intensity and appraisal of the

sexual stimulus. Therefore, genital measures should

always be used concurrently with subjective mea-

sures of sexual arousal. 

These findings suggest an important role for the

sexual stimulus in psychophysiological studies. In

order to meaningfully compare clinical groups

within and between labs, some level of standardiza-

tion with respect to the type of erotic stimulus seems

essential [305]. Finally, measuring vaginal vasocon-

gestion in the absence of a sexual stimulus may lead

to false conclusions. For instance, a recent study

demonstrated an estrogen related difference in VPA

between pre-menopausal and untreated post-meno-

pausal women during initial baseline, before any ero-

tic stimulation had taken place [305]. During subse-

quent erotic stimulation, however, this difference in

VPA between groups disappeared, suggesting that

inadequate erotic stimulation may be more important

in sexual arousal disorders than a vasculogenic dys-

function related to menopause [397]. This study thus
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demonstrates that when measuring VPA without ade-

quate sexual stimulation, one could wrongfully

determine organic factors contribute to arousal pro-

blems, while in fact with adequate stimulation there

is an adequate lubrication-swelling response. 

The findings of this study were replicated in a recent

study where genital responses of four groups of

women were compared: medically healthy pre- and

post-menopausal women with and without FSAD

[397]. In selecting the groups with FSAD the criteria

of DSM-IV were striclty adhered to, meaning that

the main complaint had to be a diminished or absent

lubrication-swelling response, that there was marked

distress as a result of the sexual dysfunction and no

comorbidity of medication, medical condition and/or

psychopathology. The only significant difference

that was found was a difference in VPA between pre-

and post-menopausal women in a non-sexually sti-

mulated baseline condition. During visual sexual sti-

mulation no differences in VPA between the four

groups could be observed. The sexual problems of

the pre- and post-menopausal women with FSAD are

therefore not related to their potential to become

genitally aroused. During the visual sexual stimula-

tion the women with FSAD, however, reported wea-

ker sexual arousal and genital sensations, less positi-

ve affect, and more negative feelings. Contextual and

relational variables resulting in a lack of adequate

sexual stimulation are therefore most likely the

underlying cause for their sexual arousal problems.

In a recent MRI study no differences were found bet-

ween pre-and post-menopausal women in changes

during sexual arousal of the vaginal wall, vaginal

mucosa, clitoris, femoral vein signal intensity, relati-

ve regional blood volume, and clitoral volume [384].

In medically healthy women, impaired genital res-

ponsiveness is not a valid diagnostic criterion. The

current DSM-IV FSAD definition therefore is in

need of revision. The only studies showing signifi-

cant impairment of psychophysiological genital res-

ponses are studies of women with FSAD who have a

medical condition that is known to have a potential

negative impact on genital neuro-vascular and/or

neuro-endocrine functions [399-401].

In assessing sexual arousal in women there is a need

for simultaneous measurements of both the cognitive

and physical aspects of arousal. Subjective arousal

estimates are necessary to answer the question whe-

ther or not the women is able to experience feelings

of sexual arousal under different stimulus conditions.

In assessment of the physical aspects of arousal the

main question to be answered is whether or not with

adequate stimulation by means of audiovisual,

cognitive (fantasy) and/or vibrotactile stimuli a suf-

ficient lubrication-swelling response is possible. If

such a response is possible, even when other investi-

gations indicate the existence of a variable that might

compromise physical responses, an organic contribu-

tion to the arousal problem of the individual women

is clinically irrelevant.

Although psychophysiological testing has not been a

routine assessment [402], it can be useful both in the

diagnostic phase and in assessment of the effects of

medical and/or pharmacological interventions [403]. 

Mah and Binik have recently written about human

orgasm: “Despite numerous efforts, orgasm remains

the most poorly understood of the sexual responses,

and attempts to propose a universally accepted defi-

nition of orgasm have met with little success”.[23,

300, 404,]. The most accurate definitions of human

orgasm are probably those integrating bio-psycholo-

gical perspectives which thus describe both the com-

plex of genital and systemic changes and modifica-

tions and the emotional and mental components of

the acme of sexual pleasure [300, 404-406]. A so-cal-

led “orgasmic platform”, potentially responsible of

either the genital pleasure at the acme and one pos-

sible biological basis for the greater capacity for

multiple orgasm, has been suggested in women as

the result of genital sexual arousal [375, 389, 404].

Sensory trigger points have been advocated at the

orgasmic platform level, including the clitoris and

vagina, clitoral and periurethral glans, cervix, uterus,

anal mucosa, and proprioceptive stimuli from the

levator ani and perivaginal muscles [407]. Non geni-

tal trigger points are, for instance, the breast and

nipples, skin and sensory organs [366, 404]. At least

two major situations have been described anatomi-

cally: clitoral versus vaginal orgasm [375, 404, 407].

Clitoral stimulation is the main source of sensory

input for eliciting orgasm. A large majority of

women report that clitoral stimulation is important

for achieving orgasm; furthermore, several authors

suggest that clitoral stimulation, either during coitus

or during non-coital sexual activities (i.e. self-mas-

turbation or hetero-masturbation and petting), is fun-

damental for obtaining the orgasmic phase in most

women [375, 389, 404, 407-410]. Orgasm attained

with clitoral stimulation tends to be more localized

and intense, sharper and physically more satisfying.

II. ORGASM: PHYSIOLOGY OF

ORGASM IN FEMALES 
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On the other hand, coital orgasm is generally descri-

bed as more diffuse throughout the whole-body, with

throbbing feelings and stronger, longer lasting and

more psychologically satisfying [404, 408, 411-414].

Singer previously suggested also other types of

women’s orgasm, including the vulva’s orgasm iden-

tified by orgasmic platform contractions and induced

by both coital or non coital sexual activity as well as

the uterus’ orgasm as produced by cervical jostling

from deep coital thrusting, with the potentiality to

obtain a so-called blended orgasm with elements of

both [415]. Both anatomic and functional biologic

modifications of these triggers points and areas can

significantly affect the women’s orgasmic phase.

Orgasmic responses cannot be totally separated from

arousal responses since there is an overlap and a

continuum in the physiological and psychological

changes that occur during sexual activity. In addi-

tion, certain changes that occur during arousal are

necessary to achieve orgasm. However, there are a

number of physiological changes that accompany

orgasm.

1. PHYSIOLOGICAL CHANGES THAT

ACCOMPANY ORGASM

The physiological changes that occur with orgasm in

women include changes in the balance of autonomic

function, and muscular contractions. In addition, cir-

culating levels of several hormones increase in

concentration. Specifically, rhythmic contractions of

the vagina, uterus, and anal sphincter and changes in

vaginal and clitoral blood flow, [71, 203, 204, 375,

388, 416-421] have been reported. Increases in heart

rate, blood pressure and respiration also occur during

orgasm [375, 421, 423-425]. Circulating levels of

prolactin, vasopressin, oxytocin, adrenaline and

vasointestinal polypeptide have been reported to

increase with orgasm [416, 426-429]. Prolactin in

particular increased with orgasm and was maintained

for approximately 60 minutes after orgasm [428-

430], and thus may be a useful measurement of

orgasm in future studies.

Similar physiological changes occur during orgasm

in men and women. In men orgasm is generally asso-

ciated with ejaculation. In some women reports of

secretions from the periurethral glands have been

reported during orgasm, although it is unclear whe-

ther ejaculation in women consistently occurs and if

these secretions differ from urine, or whether it is

always associated with orgasm [425, 431-435]. 

Cardiovascular changes and increase in heart rate,

respiration and blood pressure that occur with

orgasm are common responses seen during various

types of exercise, therefore monitoring cardiovascu-

lar changes independently of specific genital

changes is not a good marker for orgasm. Changes in

circulating hormonal levels, such as prolactin, may

be reliable indices of orgasm; however these values

cannot be measured in real time and may vary bet-

ween assays and individual. The most reliable index

of orgasm appears to be monitoring genital changes.

2. ORGASM IS A SPINAL REFLEX

Evidence based on human and animal studies indica-

te that sexual climax (orgasm) is a reflex mediated

by the spinal cord which may involve a spinal pattern

generator [436-439]. Studies in men and women

have reported that orgasmic reflexes are still present

after spinal cord injury [200, 201, 440]. By classi-

fying women based on sensory preservation of their

dermatomes, Sipski and colleagues showed that dif-

ferences in genital responses to audio-visual erotic

stimulation were based on the degree of sensory

damage in the T12-L3 dermatomes. In contrast,

women with injury of the lower motor neurons and

S2-S5 dermatomes are less likely to reach orgasm

through direct genital stimulation compared to

women with injury at or above T11 [200, 440]. These

data suggest that orgasmic responses require intact

reflexes that relay in the sacral spinal cord. 

a) Neurobiology- CNS pathways

Female genital structures need to be altered from

their basal, unexcited state into active, sensitized

areas for pleasure. The major genital sites where

sexual arousal/pleasure is generated include labia

minora/introitus, the clitoral shaft, glans, and bulbs;

periurethral glans; the urethra; Halban’s fascia; the

G-spot and the anterior fornix erogenous zone.

Breasts, nipples, and inside of thighs are the other

female erogenous sites (xxx). Spinal cord reflexes

are mainly responsible for the sexual arousal res-

ponses of these multiple genital and non-genital per-

ipheral anatomic structures. The afferent reflex arm

is primarily through the pudendal nerve. The efferent

arm consists of coordinated somatic and autonomic

activity. The bulbocavernous reflex involving sacral

cord segments S2, S4 and S4 is the one spinal reflex

in which pudendal nerve stimulation results in pelvic

floor muscle contraction. Vaginal and clitoral caver-

nosal autonomic nerve stimulation is another spinal

sexual reflex resulting in clitoral, labial and vaginal

engorgement [147]. Masters and Johnson noted that

the anterior third of the vagina becomes vasoconges-
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ted during arousal to form the orgasmic platform

[375]. After adequate sensory stimulation, central

neurotransmitter discharge during orgasm results in

repeated 1-second motor contractions of the pelvic

floor (three to eight per orgasm) followed in 2 to 4

seconds by repeated uterine and vaginal smooth

muscle contraction [147]. 

A number of spinal sites control descending these

spinal reflex circuits by inhibitory and excitatory

means. The lumbosacral spinal cord receives senso-

ry input from pelvic, hypogastric and pudendal

nerves, which relay information to the dorsal horn,

the medial, central and lateral gray matter of the lum-

bosacral spinal cord [143, 224, 225]. (Figure 8) This

sensory information is relayed to supraspinal sites

via the spinothalamic and spinoreticular pathways

[407]. The fast myelinated fibers of the spinothala-

mic pathway terminate in the posterolateral nucleus

of the thalamus and are then relayed to the medial

thalamus. The spinoreticular fibers are slower and

terminate in brain stem reticular formation. 

b) Modulatory input

Modulatory input regarding female sexual function

is carried out by higher centers of the central nervous

system. In the brainstem, several nuclei, including

the nucleus paragigantocellularis, the raphe nuclei

pallidus, and locus ceruleus project to pelvic efferent

neurons and interneurons in the lumbosacral spinal

cord, most likely role to modulate lumbosacral spinal

cord reflexes [142, 442-444]. The periaquaductal

gray matter of the midbrain is heavily interconnected

with the brainstem and hypothalamic sites related to

sexual behavior, seemingly serving as a relay center

[445]. Within the hypothalamus, the medial preoptic

area, nucleus paraventricularis, and ventromedial

nucleus, are believed to have major roles in female

sexual function [416]. Serotonin, dopamine, epine-

phrine, histamine, opioids and gamma-aminobutyric

acid are neurotransmitters and neuropeptides modu-

lating female sexual function. 

Serotonin applied to the spinal cord inhibits spinal

sexual reflexes. Orgasmic dysfunction has been

reported by the use of selective serotonin reuptake

inhibitor anti-depressants, which elevate the level of

serotonin in the brain [446, 447]. Cyproheptadine, a

serotonin2 antagonist, has been effective in allevia-

ting anti-depressant induced anorgasmia [448]. 

Oxcytocin may work synergistically with sex hor-

mones to facilitate muscle contractions during

orgasm. Oxcytocin from the paraventricular nucleus

of the hypothalamus is secreted into the blood stream

during arousal and orgasm. Using a continuous

blood sampling technique and anal electromyogra-

phy, Carmichael et al reported a positive correlation

between oxcytocin levels and the intensity, but not

duration, of orgasmic contractions in females and

males. For multi-orgasmic women, the amount of

oxcytocin increase also correlated positively with

subjective ratings of orgasmic intensity [416]. 

Although 30% to 40% of women cannot achieve

orgasm without concurrent clitoral stimulation or

through coitus alone, only 5% to 8% of women are

totally unable to achieve orgasm with any type of

stimulation [449, 450].

Sexual dysfunction in women is defined as disorders

of sexual desire, arousal, orgasm and/or sexual pain,

which result in significant personal distress and may

have a negative effect on a woman’s health and an

impact on the quality of life. The aim of this section

is to try and distinguish among several of the most

D. CLINICAL PATHOPHYSIO-

LOGIES OF SEXUAL DESIRE,

AROUSAL AND ORGASMIC 

DYSFUNCTION IN WOMEN
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relay information to the dorsal horn, the medial, central

and lateral gray matter of the lumbosacral spinal cord



frequent clinical pathophysiological mechanisms of

women’s desire, arousal and orgasmic dysfunctions,

aiming to correlate with several modifiable and

unmodifiable risk factors. As most of the research on

female sexuality has focused on psychological and

relationship aspects of this issue, there are a limited

number of evidence based studies about female

sexual function and very few for orgasmic disorders. 

Female sexual dysfunction due to neurologic causes

is currently unexplored and probably under-diagno-

sed. The same neurogenic disorders that cause erec-

tile dysfunction in men can cause sexual dysfunction

in women. Many neurological disorders such as mul-

tiple sclerosis, peripheral neuropathy and lumbar

radiculopathy can cause abnormal innervation to the

female genital organs. 

It is assumed that any neural lesion, central or per-

ipheral, which causes sexual dysfunction, should

have sensory deficit as its mainstay. Therefore, the

need to quantitatively measure the sensory function

of the vagina and clitoris is becoming obvious.  

1. MEASUREMENT OF SENSORY FUNCTION OF

THE GENITALIA

Quantitative sensory testing is used in assessment of

sensory function for diagnosis of neural disorders. It

is most commonly used for assessment of neuropa-

thies and other peripheral disorders. [451]. These

tests are based on administration of quantified stimu-

li, usually of pressure, vibration or temperature, in a

controlled way. Most commonly, the subject defines

the sensory threshold by indicating the onset of per-

ceived sensation either verbally or by button-press.

a) Nerve Fibers

Nerves consist of fibers of variable diameter with the

thicker fibers having a faster conduction velocity.

Three types of fibers are generally recognized in the

sensory subclass of nerve fibers: A-beta fibers, the lar-

gest fibers, mediate touch, mild pressure, sensation of

joint position and vibration. A-delta fibers, smaller

than A-beta fibers, mediate sensation of cold and early

components of pain sensation. C fibers, the slowest

and smallest, mediate sensation of warmth, the main

component of pain sensation and subserve most auto-

nomic peripheral functions. The thermal senses, warm

and cold, are served by small nerve fibers, and are pro-

bably less relevant for sexual function. Nevertheless,

a complete assessment of sensory function should

include modalities of all types. At the peripheral level,

the same class of fibers that subserve autonomic func-

tion subserve thermal senses. Disorders that affect

these fibers, such as diabetic neuropathy, affect both

sensory and autonomic fibers [451]. Measurement of

small fiber sensory function can therefore give indi-

rect insight regarding the function of the as yet unex-

plored autonomic system in these organs.

b) Methodology

A system and methodology for quantitative assess-

ment of genital sensory functions with age-corrected

normograms for thresholds of vibratory and thermal

sensations for the clitoris and vagina is available

[452]. Age dependency of the genital vibratory thre-

shold is impressively similar to its age dependency

for the skin of limbs [453], supporting the validity of

this test in the genital area. Clitoral measurement

was found to have a smaller age effect, perhaps due

to the richer innervation of the clitoris, rendering the

age effect less significant. Quantitative sensory tes-

ting is often criticized or even dismissed because of

its subjective nature [454]. However, some authors

have shown that results are repeatable and, therefore,

can be used as a valid descriptor of the sensory state

[455, 456].

2. SPECIFIC DISORDERS AFFECTING SEXUAL

DYSFUNCTION

Central and peripheral neurologic disorders may

cause sexual dysfunction and could induce both

autonomic motor and sensory disorders. It is expec-

ted that patients with multiple sclerosis, spinal cord

injuries, herniated disc disorders, lumbosacral plexus

disorders, and peripheral neuropathies will have

impaired sensory function, which will be expressed

as sensory threshold increases.

a) Neuropathy

It has been shown that sensory testing of the genita-

lia in 36 neurogenic females with sexual dysfunction

(15 with diabetes, 14 with Multiple Sclerosis and 7

with lumbar discopathy) can be a useful tool in dia-

gnosing female sexual dysfunction of neurogenic

origin, (most strongly the assessment of clitoral

vibratory stimuli) [457]. Although perineal trauma

occurs in both genders, data supporting the associa-

tion between sexual dysfunction and blunt perineal

trauma in women is lacking. A study that looked at

the patient characteristics of women with sexual dys-

function that had undergone blunt perineal trauma

I. NEUROLOGIC 

PATHOPHYSIOLOGY
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implicated a neurogenic form of sexual dysfunction,

with primary complaints of orgasmic disorders and

abnormalities on genital sensory testing [458]. In

another publication the same authors reported three

cases of post-traumatic clitoral neuropathy and neu-

ralgia resulting from trauma to the genitalia. The

consequent numbness, pain and dysautonomia have

led to sexual dysfunction in all three women [459]. 

b) Conclusion

Although there are significant anatomic and embryo-

logic parallels between men and women, the multi-

factorial nature of female sexual dysfunction is clear-

ly distinct from that of the male. There is considera-

bly more research on these issues in males. From a

clinical point of view, deficits in genital sensation are

probably responsible for many cases of female

sexual dysfunction. To date, there are only sparse

data on the effect of neurological diseases affecting

the peripheral nervous system or various surgical

techniques (in particular hysterectomy) on sexual

arousal and orgasm. Development of new diagnostic

tests and surgical techniques, which spare the genital

nerve, will be mandatory. There is a tremendous

need for more research in this area.

3. NEUROLOGICAL DISORDERS

The knowledge obtained from the studies about the

effect of neurological disorders on female orgasm

leads to better understanding of the neurological

pathways that control sexual response in normal

women. There are limited number of well designed,

controlled studies dealing with neurological orgas-

mic dysfunction. The majority of these studies exa-

mined the effect of spinal cord injuries on female

sexual responses.

a) Spinal cord injury

There is little available literature about sexual dys-

function in women with spinal cord injury (SCI)

[200, 201, 220, 460-467]. Women’s desire for sexua-

lity and sexual activities seems to decrease after inju-

ry [465]. Charlifue et al [468] reported that sex was

less important after injury in their series of 231 SCI

women; other authors found a significantly higher

level of hypoactive sexual desire after injury as com-

pared with their sexual drive prior to injury itself

[469]. A decrease in frequency of self-masturbation

in these women has been reported [470] with prefer-

red sexual activities after SCI reported to be kissing,

hugging and touching [468].

The influence of SCI on sexual response depends on

the degree and location of injury in the spinal cord.

Among women with spinal cord injury, 7% to 23%

are unable to achieve orgasm [471]. Most of the data

available about women’s sexual dysfunction after

SCI comes from laboratory-based research [200,

201. 220, , 464-466]. Pathophysiology of orgasmic

phase in women with SCI’s has been studied in labo-

ratory settings [200, 201]. In a study of 25 women

with SCI at and above the level of T6 and 10 able-

bodied control subjects, the ability to achieve orgasm

were documented [200]. Subjects underwent a 75

minute protocol in the laboratory, designed to obtain

information on the physiological events accompa-

nying orgasm. Data were analyzed both within and

across neurological groups: complete SCI, incomple-

te SCI, and able-bodied controls. Fifty two percent of

subjects with SCI achieved orgasm. The capacity to

achieve orgasm was shown to be unrelated to level or

completeness of injury in women at levels of injury

T6 and above. 

Sipski et al reported the results of a study enrolling

12 women with a lower motor neuron (LMN) injury

affecting the S2-S5 spinal reflex arc and 50 SCI

women with UMN injuries [201]. Ability to achieve

orgasm was assessed historically and in the laborato-

ry. Historically, only 55% of SCI women were able

to reach the orgasm post-SCI, whereas 44% were

orgasmic in the laboratory [200, 201]. These authors

demonstrated that in each condition, SCI subjects

were significantly less likely to achieve orgasm than

controls, and orgasm was less likely if a woman had

a complete LMN injury affecting the sacral segments

than any other level and degree of injury [200].

Latency to orgasm was greater in women with SCI’s

compared to normal subjects. Sipski showed a signi-

ficant difference in average latency to orgasm when

able-bodied subjects were compared to SCI subjects

[201]. On the other hand, the so-called systemic

modifications that usually accompany the orgasmic

phase, such as blood pressure, heart rate and respira-

tory rate fluctuations, were generally similar bet-

ween women with and without SCI. 

In women with complete upper motor neuron

(UMN) injuries affecting the sacral segments, the

ability for reflex without psychogenic lubrication of

the vagina should be maintained [462, 466, 468]. The

presence of psychogenic arousal in the absence of

arousal induced by genital stimulation was docu-

mented in women with complete SCIs at and above

the level of T6 [466]. In contrast, in women with

incomplete UMN injuries affecting the sacral seg-

ments data seem to demonstrate an ability to main-
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tain both the capacity for reflex and psychogenic

lubrication. Sipski et al also reported that those

women with higher ability to perceive a combination

of light touch and pinprick sensation in the T11-L2

dermatomes have a greater likelihood of achieving

psychogenic lubrication [201]. With all levels and

degrees of SCIs, the ability to achieve psychogenic

arousal depends on the degree of sensory preserva-

tion in the T11-L2 dermatomes but not on the degree

of sensory preservation at T6-9 or S2-5 levels [201].

Moreover, psychogenic control of female genital

vasocongestion is dependent on sympathetic stimu-

lation [468, 469]. Therefore, preservation of sensory

function in T11-L2 is a precondition for the ability of

SCI women to have psychogenic arousal.

Orgasm has also been studied in SCI women sho-

wing that approximately 50% have the ability to

achieve orgasm [470]. In women with T6 injury and

above the capacity to achieve orgasm is unrelated to

the level of the injury [200]. A significant difference

was noted in the ability of women with complete

lower motor neuron injuries, affecting S2-5, to achie-

ve orgasm as compared to other types of inju-

ries[466]. The authors concluded that an intact sacral

reflex arc is needed to achieve orgasm and that

orgasm may be a reflex response of the autonomic

nervous system [200, 472, 473]. Furthermore, Sipski

et al [200] also proposed that the orgasmic sensory

experience may be partially derived from afferent

autonomic innervation, which remains after comple-

te SCI. Whipple et al, however, suggested that the

vagus nerve can provide innervation to the cervix

and is the source of cerebral transmission of orgas-

mic sensation in women [220].

b) Multiple sclerosis

Current prevalence rates for multiple sclerosis (MS)

are 1/1000 Americans and 2/1000 Northern Euro-

peans [473]. A disorder affecting both the brain and

the spinal cord, multiple sclerosis can cause difficul-

ties in achieving orgasm. Sexual dysfunction is com-

mon among multiple sclerosis (MS) patients and has

a reported prevalence of 46%-80% [472, 474-478].

Sexual activity ceases or is significantly unsatisfac-

tory in 39% of MS women [472]. Symptoms repor-

ted included fatigue in 68%, reduced sensation in

48%, reduced vaginal lubrication and difficulty with

arousal in 35%, difficulty reaching orgasm or anor-

gasmia in 72%, and dyspareunia and other sexual

pain disorders Villeroy [472, 474-477, 479].

In a case-control study, Zorzon et al [480] reported

data concerning sexuality in a series of 70 consecuti-

ve women suffering from MS as compared to a

control group of age-matched women with chronic

disease (rheumatoid arthritis, systemic lupus erythe-

matosus, psoriatic arthritis and ankylosing spondyli-

tis) and another of healthy subjects. The number of

MS patients who reported a reduction in sexual desi-

re was higher than in both patients suffering from a

chronic disease and normal subjects. The same

authors found a significant difference in sexual desi-

re between patients and healthy controls. In this

series MS women had decreased vaginal lubrication

compared to healthy controls while the difference

from chronic disease controls was not statistically

significant. Changes in vaginal sensation, while very

common, were more common in MS cases than in

both chronic disease controls and healthy subjects.

Overall, more than one-third of women experienced

a decrease in vaginal lubrication and libido. 

Similar frequencies in modifications of vaginal

lubrication and vaginal sensation, orgasmic capacity

and diminished sexual desire have also been pre-

viously reported by other researchers [477,481-484].

Problems with sexual function were reported signifi-

cantly more often by women with physical disability

due to the disease, (expressed by lower Expanded

Disability Status Scale (EDSS scores) [485]. In 47

women with advanced multiple sclerosis, 38.3%

reported diminished orgasmic capacity and 12.8%

anorgasmia. The changes in sexual function correla-

ted with neurological symptoms from the sacral seg-

ments, such as weakness of the pelvic floor and blad-

der and bowel dysfunction [486]. Zorzon et al also

reported data concerning a correlation analysis in the

same cohort of women with MS [486]. Spearman

correlation analyses between symptoms of sexual

dysfunction and characteristics of both patients and

clinical type of MS was performed. Sexual dysfunc-

tion significantly correlated with relapsing-remitting

MS but not with either the primary-progressive or

the secondary progressive type. A close correlation

was also found between sexual dysfunction and age

at onset of symptoms and the current age of the

woman but not with the duration of the neurological

disease itself. Similarly, a significant correlation was

found between sexual and physical disorders,

sphincteric and bladder dysfunction, fatigue score

and both cognitive deterioration, as assessed by the

Mini Mental State Examination [487] and the neuro-

logical impairment, as assessed by the EDSS [488].

Other studies have shown a correlation between

sexual and bladder dysfunction in MS patients [489,

490]. Nortvedt et al also reported a significant reduc-
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tion in the quality of life in MS patients with both

sexual disorders and bladder dysfunction [490]. 

A similar correlation was demonstrated between

sexual dysfunction and low educational level and a

high value for either depression, as assessed by the

Hamilton Depression Rating Scale (HDRS) [491], or

anxiety [492], as assessed by the Hamilton Anxiety

Rating Scale (HARS) [491]. After a 2-year follow-

up, the percentage of patients with at least one sexual

disorder remained stable at more than 70% [493].

Although men reported at least one sexual dysfunc-

tion more frequently than women, when both men

and women were considered altogether, in a univa-

riate analysis, changes in sexual function throughout

time correlated with modifications in bladder func-

tion and EDSS score. After removing the effect of

psychological aspects, only changes in bladder func-

tion maintained a significant correlation with fluc-

tuations in sexual function. When comparing women

suffering from chronic diseases and healthy subjects,

Zorzon et al reported that anorgasmia and hyporgas-

mia were the more commonly reported sexual dys-

function in MS patients, followed by decreased vagi-

nal lubrication and reduced libido [480]. Fewer

women with MS were able to achieve orgasm than

their peers (chronic disease controls and healthy

controls) [480]. More than one-third of women

reported greater difficulty or inability to achieve

orgasm than before the disease, with a statistically

significant difference as compared with chronic

disease controls. Anorgasmia or hyporgasmia was

reported more frequently with a statistically signifi-

cant difference in comparison with healthy controls. 

Interestingly, Hennessey et al reported the results of

a survey on urinary, fecal and sexual dysfunction in

68 men and 106 MS women [494] and found that

although sexual problems occurred in 52% of MS

women enrolled, 61% were satisfied with their

sexual activity.

Yang et al performed pudendal somatosensory evo-

ked potential testing on 14 women with MS. The

most common complaint among these patients was

difficulty with orgasm. An abnormal or absent

pudendal somatosensory evoked potential was high-

ly associated with lack of or difficulty achieving

orgasm [495]. 

It is probable that primary sexual disorders in some

neurogenic MS patient result from the demyelination

process that interrupts the continuity of the neural

pathways, altering the neural function that is essen-

tial for normal sexual performance. Clearly, the neu-

ropathy caused by autoimmune-induced damage to

the myelin sheath is the main reason for the classic

neural symptoms of the disease. Moreover, electro-

diagnostic data imply that pudendal somatosensory

innervation is necessary for normal female orgasmic

function [495]. Clinical use of sensory testing in MS

patients was reported in a group of 24 females, sho-

wing that sensory testing of the genitalia in MS

patients, most strongly the assessment of clitoral

vibratory stimuli, can be a useful tool in diagnosing

female sexual dysfunction of neurogenic origin

[496].

4. DEPRESSION AND ANTIDEPRESSANTS

The incidence of depression in women varies during

the life span. The peak incidence during childbearing

years appears to be associated with cyclic hormonal

changes. Women also present with reproductive-spe-

cific mood disorders: pre-menstrual dysphoric disor-

der (PMDD), depression in pregnancy, post-partum

mood disorder (PDD) and peri-menopausal depressi-

ve disorder [497-500]. The fluctuation of ovarian

steroids during specific phases of the reproductive

cycle may bear some relationship to the particular

vulnerability of women for mood disorders. The ova-

rian hormones could exert their effects on mood

directly or indirectly by their effects on neurotrans-

mitter, neuroendocrine, or circadian systems. Hor-

monal changes associated with the reproductive

cycle may provoke affective changes in predisposed

individuals. Moreover, there are a variety of distur-

bances in biological rhythms observed in mood

disorders. An example is depression associated with

the luteal phase of the menstrual cycle [501-503]. 

Major depression is frequently related to women’s

sexual dysfunction (over 70% of patients) [503-505].

Changes in sexual interest/satisfaction and loss of

libido are frequently and consistently related to

major depression [506-508]. Nevertheless, a good

quality sex life is regarded by 70% of the general

population and by as many as 75% of depressed

patients as a fundamental part of quality of life [509-

510].

Antidepressant medications can exacerbate pre-exis-

ting sexual dysfunction or induce new sexual disor-

ders [500, 506-526]. Sexual dysfunction has been

reported to be associated with all classes of antide-

pressants (MAOIs, TCAs, SSRIs, SNRIs and new

generation antidepressants) in patients with depres-

sion and various anxiety disorders [520]. The clinical

assessment of depressed women requires a compre-

hensive evaluation of sexual function prior to the
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affective disorder, disturbances associated with the

onset of depression and changes or dysfunctions

associated with antidepressant treatment. Other fac-

tors to be included in evaluating sexual dysfunction

include inquiry about concurrent medical conditions,

somatic treatments, lifestyle risk factors, and respon-

se to antidepressants [516].

Absent or delayed orgasms are the sexual side effects

most commonly associated with selective serotonin

reuptake inhibitors (SSRI’s) [519], with desire and

arousal disorders also frequently reported [516, 517].

The negative effects of SSRIs on sexual function

appear strongly dose-related and can vary among

group according to serotonin and dopamine reuptake

mechanisms, induction of prolactin release, anticho-

linergic effects, inhibition of nitric oxide synthase

and pharmacokinetics [516]. While men taking

SSRIs report higher rates of sexual side effects,

women seem to experience more severe sexual dys-

function [521]. Sexual dysfunctions which last

during long-term administration of antidepressants

may result in treatment discontinuation [515, 516,

522]. This places patients at increased risk for recur-

rence, relapse, chronic illness, and mortality (e.g.,

suicide). Recently; Zajecka et al reported that in a

series of 681 outpatients with chronic forms of

DSM-IV [371] major depressive disorders, sexual

dysfunction was reported by 48% of women before

any antidepressant treatment [511]. After a 12 week

treatment course with nefazodone or Cognitive

Behavioral Analysis System (CBASP) or a combina-

tion of both nefazodone and CBASP, a statistically

significant linear improvement in sexual function

was noted in all 3 treatment groups. Improvement in

depressive symptoms was associated with improved

sexual interest and satisfaction.

Similar results have also been reported by Bobes et

al [523]. Using the Changes in Sexual Functioning

Questionnaire (CSFQ) [524], sexual desire/interest

showed a substantial baseline effect (30% of patients

indicated a maximum score) for depressed women

treated with nefazodone at baseline and treated with

paroxetine at final visit. As compared to the baseline,

nefazodone treatment was able to promote significant

improvement in depressed women in terms of sexual

desire/frequency, pleasure, sexual arousal and orgasm

[523]. Michelson et al underlined similar results, even

accounting for the decreased sexual function (most

pronounced with orgasm) that occurred during conti-

nued treatment for increased depressive symptoms

[525]. Sexual function was assessed in depressed

patients participating in a multi-center trial of acute

and chronic fluoxetine therapy. Patients were evalua-

ted at study entry (baseline), after 13 weeks of fluoxe-

tine 20 mg daily, and during 25 weeks of chronic the-

rapy with fluoxetine 20 mg daily, fluoxetine 90 mg

weekly, or placebo. In a 13-week open-label trial

among 501 patients who met DSM-IV criteria for

depression, 51.6% of women reported improvement,

35.0% reported no change, and 13.4% of women and

17.4% reported worsening of overall sexual function.

During double-blind chronic therapy there were no

statistically significant differences in change in sexual

function between treatments [525].

Nappi et al demonstrated that depression may be bi-

modally related to women’s sexual dysfunction

[526]. In a cross-sectional study, frequency of self-

reported sexual symptoms in 355 women attending

menopause clinics was investigated and related to

other vasomotor, psychological, physical, and geni-

tal complaints. As expected, pain during sexual inter-

course and low libido/lack of arousal were signifi-

cantly more frequent with age and years since meno-

pause. Reduction of sexual pleasure/satisfaction

(45.9%) was common with age, but was more fre-

quent the longer the time since the menopause.

However, examining the intensity of sexual symp-

toms in relation to the presence of other complaints,

Nappi and co-workers found that physical, psycholo-

gical and genital well-being significantly affects the

components of sexual response after the menopause

and depressive symptoms were more common in

women with sexual complaints [526].

Thus, depression is an important co-factor in many

diseases that are potentially associated with sexual

dysfunction in women. Some authors underlined the

role of depression in worsening the quality of life

and sexual function in MS patients [527-528].

Janardhan et al demonstrated that depression and

fatigue were independently associated with impaired

quality of life in MS, after accounting for physical

disability, suggesting that their recognition and treat-

ment can potentially improve quality of life [527]. 

Zorzon et al examined 62 men and women with MS

using MRI of the brain [528]. When comparing

patients with and without sexual dysfunction, the

only significant difference was in the pontine brain

parenchymal fraction (BPF). When a linear multiple

regression analysis was performed, sexual disorders

were associated with depression and, after adjusting

for depression and anxiety, with bladder dysfunction

and pontine BPF. This relationship between sexual

dysfunction and pontine atrophy confirmed the cor-

relation of sexual dysfunction with bladder dysfunc-
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tion and highlighted the role of depression in deter-

mining sexual dysfunction even in this particular

subgroup of women. To confirm the significant role

of depression as a co-factor of sexual dysfunction,

Salonia et al recently reported data about sexual dys-

function in 30 women suffering from coronary arte-

ry occlusive disease (CAD) [529]. Sexual dysfunc-

tion was reported by 9 of 30 women, 7 of whom had

this complaint prior to symptoms of ischemic heart

disease. According to the results of the Female

Sexual Function Index (FSFI) [530], 77.8% of these

women reported hypoactive sexual desire disorder

(HSDD), 77.8% sexual arousal dysfunction, 100%

orgasmic disorder, and 67% a combination of hypo-

active sexual desire, arousal, orgasmic and sexual

pain disorders. Fifty-seven percent of the enrolled

women showed depressive symptoms, as determined

by the BDI [531], which significantly correlated with

the Female Sexual Distress Scale (FSDS) [532] and

with each one of the FSFI domains.

5. ENDOCRINE ALTERATIONS

a) Thyroid disease

While peer review literature reports some contribu-

tions of thyroid disease to men’s sexual dysfunction

[533-538], there were no papers found evaluating

sexual function and dysfunction in women complai-

ning of either hypothyroidism or hyperthyroidism.

Preliminary data has recently been reported regar-

ding sexual function and dysfunction in 48 women

with thyroid disease (30 hypothyroidal women, and

18 hyperthyroidal subjects) [533]. All patients

underwent a detailed evaluation and the results of

their FSFI scores were compared with those of a

control group of healthy age-matched women.

Women complaining of thyroid problems had lower

scores for both the lubrication and the orgasm

domain of the FSFI as compared with the control

group, and dysthyroidal women reported significant-

ly higher genital pain during both coital and non-coi-

tal sexual activity than controls. When co-morbidi-

ties were evaluated, a high rate of depression was

found in the women with thyroid disease; the BDI

score correlated significantly with the desire, arousal

and satisfaction domains of the FSFI. A higher rate

of depression also correlated with a higher rate of

sexual distress, as determined by the Spearman cor-

relation analysis between the BDI and the FSDS.

When the FSDS was correlated with the different

FSFI domains, a significant correlation was found

between women’s sexual distress and overall sexual

satisfaction.

b) Hyperprolactinemia

Hyperprolactinemia is the most common endocrine

disorder of the hypothalamic-pituitary axis [539],

occuring more commonly in women. It is associated

with pronounced reductions of both sexual motiva-

tion and function. Elevated levels of prolactin (PRL)

inhibit GnRH pulsatility [540, 541]. Although some

experimental evidence suggests that hyperprolacti-

nemia suppresses physiologic reproductive functions

while maintaining sexual drive, other studies clearly

indicate that chronic PRL elevation negatively

impacts sexual libido [542, 543]. Hulter et al asses-

sed sexual function and sexual appreciation in a

comprehensive interview of 48 women with well-

defined hypothalamo-pituitary disorders [544]. A

total of 79.2% of the women had developed a lack of

or a considerable decrease in sexual desire, while

problems with lubrication and orgasm were reported

in 64.6% and 68.7% of the women, respectively. In

this series, normal menstrual pattern, young age and

intra-sellar tumor growth correlated better with nor-

mal sexual desire and sexual function than did nor-

mal prolactin levels and normal testosterone levels.

In a previous study [545], the same authors investi-

gated sexuality in 109 women with morphologically

verified hypothalamo-pituitary disorders, finding

that 62.4% had noticed a decrease in sexual desire.

This problem was shown for 84.1% of the women in

this group with hyperprolactinemia, but only in

32.6% of the women with normal serum prolactin.

A correlation between hyperprolactinemia and

sexual disturbances among uremic women on hemo-

dialysis have been reported [546, 547]. Mastrogiaco-

mo et al reported that among 99 women on mainte-

nance hemodialysis, the rate of sexual intercourse

and the ability to reach orgasm were significantly

lower than in age-matched controls [546]. Eighty

percent declared a reduction in their sexual desire,

and the frequency of intercourse decreased after dia-

lysis. Aging, an unmodifiable risk factor, decreased

the sexual activity in both the sick and healthy popu-

lations, but in uremic patients sexual activity ended

at an earlier age. Patients with hyperprolactinemia

reported lower frequency of intercourse as well as

lower percentage of orgasm than women with nor-

mal prolactin levels. 

Recently a correlation has been made between

hyperprolactinemia and antidepressive, antipsycho-

tic and neuroleptic drugs. Several drugs are known to

affect sexual function negatively, including psy-

choactive drugs (opiates), hypotensive drugs and

antihistamines [406, 540]. Antipsychotic and neuro-

724



leptic drugs reduce sexual drive, in part related to

drug-induced of hyperprolactinemia. Neuroleptics

typically elevate plasma prolactin, associated with

both loss of libido and anorgasmia [406, 540, 548-

555]. Antidepressant agents such as SSRI’s may

induce hyperprolactinemia [556-559], although no

research has been found which accurately reports

prevalence and characteristics of this phenomenon.

In women this secondary hyperprolactinemia

induces symptoms from decreased sexual drive to

orgasmic disturbances such as anorgasmia and

delayed orgasm [512, 556-559]. 

c) Diabetes mellitus

Few studies have investigated the significance of

diabetes in causing women’s sexual dysfunction

[401, 570-579]. Neuropathy, vascular impairment

and psychological problems have been correlated

with decreased libido, spontaneity of arousal, vagi-

nal lubrication and orgasmic function and dyspareu-

nia in women complaining of diabetes mellitus. The

most common sexual dysfunction in women with

diabetes is decreased sexual arousal with slow and/or

inadequate lubrication. Women with diabetes may

also experience a decrease in sexual desire and

increase in dyspareunia, whereas problems with

orgasm are not more frequent.

Jensen et al reported that diabetic spouses of diabetic

men had more problems with arousal than healthy

spouses [567]. Although the mechanism is unclear,

the rate of sexual dysfunction among women with

type-II diabetes was significant, while type-I did not

demonstrate any significant change [575, 578]. In

1998 Enzlin et al wrote a review of the literature on

this topic [582]. Enzlin showed that diabetes slightly

increased the risk of women’s sexual disorders.

Schiel et al [583] studied 127 type-I diabetics, 36%

of whom were women and 117 type-II diabetics,

54% of whom were women. He showed that overall

prevalence of sexual dysfunction in women was 18%

among type-I diabetic patients and 42% among type-

II diabetic subjects. 

Enzlin et al reported on prevalence and characteristics

of sexual dysfunction in 120 women with type-I dia-

betes mellitus as compared with 180 age-matched

healthy controls [584]. With a response rate of 80.8%,

Enzlin showed that significantly more women with

diabetes (27%) than age-matched controls (15%)

reported sexual dysfunction. Diabetic women presen-

ted a higher prevalence of arousal dysfunction than

healthy women, however there was no significant dif-

ference in decrease of desire. There was no significant

difference in orgasmic disorders or sexual pain disor-

ders between the women with and without diabetic

complications. A significant difference was found for

decreased lubrication, although often 2 and 3 sexual

problems were reported. 

Patients complaining of sexual disorders were not

significantly different in age, BMI, length of disease

or HbA1c values as compared with those without

sexual complaints. A significant association was

found between the number of complications and the

number of sexual complaints, although this analysis

did not show any statistically significant correlation

between sexual complaints and peripheral neuropa-

thy, autonomic neuropathy, nephropathy and retino-

pathy, menopausal status, use of hormone therapy or

use of oral the contraceptive pill. Based on BDI

score, twice as many diabetic women were depressed

than controls. 

Erol et al published data on the prevalence of sexual

dysfunction in 72 women with type-II diabetes melli-

tus without other systemic co-morbidities and 60 age-

matched healthy subjects [585]. Mean FSFI scores of

patients was 29.3 compared to 37.7 for controls, with

the main complaints of the diabetic women being

reduced libido (77%), diminished clitoral sensation

(62.5%), complained of vaginal dryness (37.5%) vagi-

nal discomfort (41.6%) and orgasmic dysfunctions

(49%). The authors concluded that the higher rate of

sexual disorders among diabetic patients was respon-

sible for lowering their quality of life.

In order to evaluate the prevalence and predictors of

sexual dysfunction in women with both type-I and

type-II diabetes mellitus, 72 diabetic women, 42

type-I and 30 type-II were compared with healthy

age-matched controls [586]. Women complaining of

diabetes mellitus had worse FSFI scores for the desi-

re, lubrication and orgasm domains as compared

with the control group, and significantly higher

sexual pain at the genitalia level (both coital and

non-coital sexual activity) than controls. The BDI

score, 48% in diabetic women, was significantly cor-

related with the arousal, orgasm and satisfaction

domains of the FSFI. The Spearman correlation ana-

lysis was also statistically significant between BDI

and FSDS score. A significant correlation was also

found between aging and reduced desire and bet-

ween aging and lubrication.

Sexual dysfunction is highly prevalent in diabetic

women and these patients are clearly at higher risk of

developing sexual desire, arousal and orgasm disor-

ders than age-matched controls. More investigation

is needed to better understand the contributions of
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the psychological and diabetes-related somatic fac-

tors to sexual dysfunction in women with diabetes

mellitus.

6. PELVIC SURGERY

a) Pelvic surgery for rectal cancer

When a conventional low anterior and abdomino-

perineal resection with extended lymphadenectomy

is performed for advanced lower rectal cancer,

sexual and bladder function are often sacrificed

[587-589], reported to be between 10% and 60%

[589]. Extended circumferential margins are requi-

red for a complete resection, or multimodality treat-

ment is utilized, including preoperative external

beam radiation therapy, radical surgery and intra-

operative radiotherapy, to improve the cure rate of

both the presentations of rectal cancer [589-594].

Sexual and bladder dysfunctions are usually caused

by a non-nerve-sparing surgical approach during the

procedure, with the surgical damage of one or more

of the autonomic nerves consisting of the paired

sympathetic hypogastric nerve, sacral splanchnic

nerves and the pelvic autonomic nerve plexus. Seve-

ral kinds of nerve-sparing surgery (NSS) for organ-

confined or advanced rectal cancer have been deve-

loped aiming at both preserving sexual and genitou-

rinary function and extending the surgical margins

[587, 594-606]. Enker et al reported that in patients

undergoing abdomino-perineal resection for primary

cancer of the rectum, performed in accordance with

the principles of total mesorectal excision (TME)

and autonomic nerve preservation (ANP), sexual

function was preserved in approximately 57% of

patients undergoing APR versus 85% of patients

undergoing sphincter preservation [607].

Data on this topic in women are very rare and

conflicting. A few papers reported the results of both

prospective and retrospective studies aiming at eva-

luating urinary, bowel and sexual function in both

men and women, but without any standardized

method from the woman’s point of view. In addition,

most of the outcome studies enrolling both men and

women paid attention only to the male hemisphere.

Recently, Pocard et al studied prospectively the pre-

and post-operative urinary and sexual function in 7

women who underwent a sphincter-preserving ope-

ration for rectal carcinoma by means of a curative

TME with ANP, without preoperative irradiation,

with complete surgical identification and subsequent

preservation of both hypogastric and sacral splanch-

nic nerves [608]. Four out of the 7 women were

sexually active before undergoing the surgical proce-

dure. Sexual activity and ability to achieve orgasm

was unchanged in these women and no incidence of

dyspareunia was reported. Chorost et al reported

similar results in a retrospective review on the medi-

cal records of 52 consecutive patients who under-

went potentially curative procedures for rectal cancer

[609]. Pre-surgical discussion about the potential

risk of sexual dysfunction was not documented in the

pre-operative consent in 37 of 52 patients, however,

only 1 out of the 16 women reported post-therapy

sexual dysfunction.

Multimodality treatment can increase the chances of

damaging the urogenital nerves and organs which

could result in voiding and sexual disorders [587,

593, 602]. There is a paucity of literature devoted to

the impact of surgery alone or multimodality treat-

ment on women’s sexual function. Mannaerts et al

reported the sexual outcome results of a population

of both men and women suffering from locally

advanced primary and locally recurrent rectal cancer

[594]. Using questionnaires, sexual function was

evaluated during the 6 months prior to aggressive

multi-modality therapy as well as during follow-up

(median 14-months, range 4-60 months) to assess

clinical outcome. Interest in sexual activity and abi-

lity to achieve orgasm decreased in women after the

treatments. Among the study population, the mean

quality of orgasm was reduced from in both the pri-

mary rectal cancer group and the locally recurrent

rectal cancer group. Age greater than 60 years signi-

ficantly reduced the ability to have post-operative

orgasm as well as the ability to have sexual inter-

course [594]. The same authors, reporting the long-

term functional outcome after a multi-modality treat-

ment for locally advanced primary and locally recur-

rent rectal cancer, found that 56% of respondants

complained of sexual inactivity [610]. In a retros-

pective small survey of 43 patients with low rectal

cancer who underwent low anterior resection with or

without neoadjuvant or adjuvant radiotherapy, Chat-

win found that sexual dysfunction was reported 2 of

the 11 sexually active women [611]. Despite their

reported fecal, urinary and sexual dysfunction, most

patients were satisfied with their quality of life.

Recently Quah et al reported the results of a retros-

pective analysis of pre-operative and post-operative

bladder and sexual function in patients who under-

went laparoscopically-assisted and conventional

open mesorectal resection for cancer [612]. No signi-

ficant difference in sexual function was found in

women.
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b) Radical cystectomy for urologic malignancies

No paper was identified dedicated to the evaluation

of sexual function in women after surgery for blad-

der cancer [613-619]. Genitourinary (GU) cancers

are commonly associated with treatment-related

sexual dysfunction varying from mild to severe.

Sexual dysfunction may occur as a result of cancer

and its treatment. Sexual function is sensitive to the

effects of both physical and emotional trauma, parti-

cularly when the cancer affects the genital organs. 

Marshall et al described anterior exenteration in

women performed accurately with a disciplined ana-

tomic approach [615]. Women undergoing cystecto-

my with the simultaneous removal of uterus, ovaries,

and parts of the vaginal wall face had issues regar-

ding their femininity as well as concerns regarding

future sexual function. Excision of the uterus, a por-

tion of the vagina and the urethra seems to reduce the

potential for pelvic recurrence but a vaginal recons-

truction and continent urinary diversion provide a

better quality of life with maintenance of sexual

function and urinary continence. 

Bjerre et al conducted a study aimed at evaluating

the sexual profile in women after urinary diversion

by either radical cystectomy with continent Kock

reservoir or ileal conduit diversion [616]. No signifi-

cant differences were found among the 37 patients

who completed the questionnaire. Among whose

sexual activity decreased, almost one-third gave phy-

sical problems or decreased desire as the reason and

30% felt less sexually attractive, with cystectomized

patients reporting a higher percentage than the

others. A higher frequency of dyspareunia among

patients with a continent reservoir was an unexpec-

ted finding.

Nordstrom et al described the sexual function outco-

me of 66 men and women who underwent an ileal

conduit urinary diversion because of bladder cancer

or incontinence/bladder dysfunction [617]. Five of

the 6 women treated by cystectomy, who had been

sexually active pre-operatively, reported either a

decrease or cessation of coital activity post-operati-

vely, due mainly to a decrease in sexual desire, dys-

pareunia and vaginal dryness. One woman reported

the inability to experience orgasm after surgery.

Compared with women with bladder cancer, those

with incontinence/bladder dysfunction were more

likely to have an active sexual life after urostomic

surgery. A post-operative increase in activity was

shown by 7 women in this group, 4 of whom had

been sexually inactive before surgery, because the

surgery eliminated the need for incontinence pads or

indwelling catheters. Hautmann et al presented data

about a nerve sparing cystectomy with orthotopic

bladder replacement in women [618], but neglected

to make observations regarding sexual function.

Horenblas et al have reported preliminary results of

a modified cystectomy, called sexuality preserving

cystectomy and neobladder, the intent of the surgical

technique being to achieve maximal tissue conserva-

tion, potentially preserving normal sexual function

and satisfactory urinary tract reconstruction [619].

The surgery consists of pelvic lymph node dissection

followed by cystectomy with preservation of all

internal genitalia. An ileal neobladder was then ana-

stomosed to the urethra. This type of surgical approa-

ch was suggested for women suffering from bladder

cancer stages T1-T3 with absent tumor growth in the

bladder neck and absent invasive tumor in the blad-

der trigone. Three women aged 38 to 71 years old

were enrolled in this protocol and all reported normal

vaginal lubrication during sexual activity.

c) Hysterectomy and sexual function

Reports of deterioration of sexual function after hys-

terectomy is estimated to be between 13% and 37%,

which may be through one or more mechanisms

[620-625]. Quality of sexual life after hysterectomy

may be influenced by several situations resulting in

conflicting suggestions [626-632]. Many of the stu-

dies exploring sexuality after hysterectomy have

methodological flaws, including vague measures of

sexual satisfaction and potential for recall bias [633].

In a comprehensive review article, Carlson reported

that in women undergoing hysterectomy for non-

malignant conditions there is a marked improvement

in symptoms and quality of life during the early

years after surgery [626]. Hysterectomy did not seem

to cause long-term psychiatric morbidity and psy-

chological status generally improved after surgery

itself. Rhodes et al [625] recently published the

results of a 2-year prospective study which examined

measures of sexual function prior to hysterectomy

and at 6, 12, 18 and 24-month follow-up after surge-

ry. A total amount of 1101 women completed the

study. These authors showed that both sexual desire

and frequency of sexual relations significantly

increased after hysterectomy and throughout the fol-

low-up period. Frequency and strength of orgasm

also increased significantly after surgery. Lack of

orgasm pre-operatively was most significantly asso-

ciated with absence of orgasm after surgery; possibly

influenced by aging. Women also reported vaginal

dryness improved after hysterectomy.
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In contrast, several papers reported a decrease in

quality and frequency of sexual activity after hyste-

rectomy. Rako [627, 628] emphasized the importan-

ce of the ovaries as a critical source testosterone as

well as estrogen; thus removal of the uterus, even

after ovary-sparing procedures, can jeopardize their

function. Loss of a physiologic level of testosterone

in women after hysterectomy can decrease quality of

life in terms of libido, sexual pleasure, and sense of

well-being. An analysis by Cutler et al correlated the

impact of hormonal deficit on sexuality and overall

quality of life in hysterectomized women [629]. In

the US more than half a million women per year

undergo hysterectomy as treatment for chronic beni-

gn gynecologic conditions [634], a rate 5 times

higher than that of the European countries. Estrogen,

progesterone and androgen levels all tend to be alte-

red by hysterectomy. Furthermore, all these sex hor-

mones affect physiologic systems including the car-

diovascular system, bone metabolism, cognitive

function, sexual response and sexual attractiveness

[629]. 

These conditions are made worse when hysterecto-

my is accompanied by bilateral oophorectomy. Since

the ovaries provide approximately half of the circu-

lating testosterone in pre-menopausal subjects, after

surgery many women report impaired sexual func-

tion despite estrogen replacement. Shifren et al [350,

635] reported that in women with impaired sexual

function after surgically induced menopause high

dose transdermal testosterone may be useful, increa-

sing the Brief Index of Sexual Functioning for

Women (BISFW) [636] scores for frequency of

sexual activity and pleasure-orgasm. In the same

group of surgically menopausal women, the percen-

tages of those who had sexual fantasies, masturbated

or engaged in sexual intercourse at least once a week

increased two to three times from baseline. This

issue is actually strongly debated [350, 637, 638].

The estrogen deficiency which results from pre-

menopausal hysterectomy with bilateral oophorecto-

my is associated with vaginal dryness [625, 639],

although several reports also demonstrate vaginal

dryness after pre-menopausal simple hysterectomy

due to potential ovarian damage and failure subse-

quent to the surgery itself [640-642]. The vaginal

orgasm, consequent to the stimulation of nerve

endings in the uterovaginal plexus, should be hinde-

red by hysterectomy with cervix removal, but theo-

retically clitoral orgasm should not be damaged

[643]. However, surgical damage to the pelvic auto-

nomic nerves during radical hysterectomy is thought

to be responsible for considerable morbidity, inclu-

ding sexual dysfunction. 

Surgical preservation of the pelvic autonomic nerves

in both laparoscopic and traditional radical hysterec-

tomy deserves consideration in an attempt to impro-

ve both cure and quality of life in cervical cancer

patients as well as chronic benign conditions [632,

644-665]. Well-designed prospective studies are nee-

ded to evaluate the impact of this common surgery

on overall sexual function in both pre- and post-

menopausal women. 

7. CEREBROVASCULAR ACCIDENTS-ORGASMIC

DYSFUNCTION

The most common sexual problems in women that

have been identified after stroke include decline in

libido, coital frequency, vaginal lubrication and

orgasm. A number of studies have examined the

impact of stroke on female sexual dysfunction but

there are few prospective studies. In a prospective 6-

month follow-up study, Korpelainen et al assessed

the impact of stroke on libido, sexual arousal, coital

frequency and satisfaction with sexual life in 38 men

and 12 women, 32 to 65 years old [666]. Only mar-

ried patients with an active sexual life before the

stroke and without other peripheral or central ner-

vous system conditions known to affect the autono-

mic nervous system, severe aphasia or psychiatric

illnesses or diseases affecting daily activity were

included in the study. The women, all of whom were

able to attain orgasm prior to their strokes, reported

decreased vaginal lubrication and ability to reach

orgasm, with 30% and 20% anorgasmic at 2 and 6

months respectively.

Animal models will continue to be indispensable for

studies of the neurobiology of sexual behavior. This

includes understanding the neuroanatomical and

neurochemical mechanisms that underlie sexual

desire, viewed by many clinicians and motivational

theorists as distinct from arousal in both animals and

humans. Lesion and drug studies, neurochemical and

neuroanatomical analyses and molecular approaches

provided by animal studies guide our emerging work

in the neuroanatomy of sexual response in humans,

using functional magnetic resonance imaging or

positron emission tomography. Animal models are

needed to further understand the hormonal processes

E. SUMMARY

728



that lead to changes in sexual arousal, as invasive

and direct studies of brain or organ function possible

in animals cannot be conducted in human subjects. 

The understanding of peripheral mechanisms and

neurotransmitters regulating the female genital

sexual arousal response is limited. Modulation of

vaginal and clitoral engorgement, vasocongestion

and vaginal lubrication may be antagonistic, regula-

ted by parasympathetic and sympathetic components

of the autonomic nervous system of the female geni-

talia. VIP and NO may be the primary facilitators

with noradrenaline and NPY the primary inhibitors

of the genital arousal response. There is a need to

expand current understanding of the physiological

mechanisms responsible for the arousal response in

order to improve clinical management of arousal

disorders in women.

In assessing sexual arousal in women there is a need

for simultaneous measurements of both the cognitive

and physical aspects of arousal. Subjective arousal

estimates are necessary to answer the question whe-

ther or not the woman is able to experience feelings

of sexual arousal under different stimulus conditions.

In assessment of the physical aspects of arousal the

main question to be answered is whether or not, with

adequate stimulation by means of audiovisual,

cognitive (fantasy) and/or vibrotactile stimuli, a suf-

ficient lubrication-swelling response is possible. If

such a response is possible, an organic contribution

to the arousal problem of the individual women is

clinically irrelevant.

Sex steroids are essential in women’s sexual func-

tion, but their direct involvement in sexual dysfunc-

tion is controversial, due to the multidimensionality

of women’s sexual health. Both estrogens and andro-

gens contribute to preserve libido, arousal and

orgasm, and menopause in particular, when it occurs

following surgery, is a good clinical paradigm for

studying the effects of sex steroid deprivation on

women’s sexual function. The fact that androgens

serve as precursors for synthesis of estrogens in

women and therefore serum levels of androgen are

expected to be greater than estrogen plasma levels in

women suggests that androgen insufficiency may

exist in pre-menopausal as well as post-menopausal

women. Although androgen insufficiency may result

from a number of circumstances, the diagnosis is dif-

ficult because of the lack of precise definitions as

well as sensitive assays for free testosterone. Plasma

levels of total T, free T and SHBG need to be deter-

mined clinically. An increasing body of evidence

suggests that women with signs and symptoms of

androgen insufficiency respond well to androgen

therapy without significant side-effects. Several

estrogen therapy and androgen therapy protocols

have been proposed to treat female sexual dysfunc-

tion, however, a better understanding of the role of

endogenous and exogenous hormones on women’s

sexual function is mandatory. This requires investi-

gation of the biochemical, cellular and physiological

mechanisms by which sex steroid hormones modula-

te sexual function in general, and genital sexual

arousal in particular, in experimental models. 

The control of sexual function is based upon spinal

mechanisms. The spinal cord provides the autonomic

and somatic innervation of the sexual organs. Senso-

ry information from the sexual organs project to

interneurons in the lower spinal cord. These inter-

neurons likely generate the coordinated activity of

sexual responses. Evidence based on human and ani-

mal studies indicate that sexual climax (orgasm) is a

reflex mediated by the spinal cord, which may invol-

ve a spinal pattern generator. Human studies have

reported that orgasmic reflexes are still present after

spinal cord injury. By classifying women based on

sensory preservation of their dermatomes, orgasmic

responses have been shown to require intact reflexes

that relay in the sacral spinal cord. From a clinical

point of view, deficits in genital sensation such as

from spinal cord injury and multiple sclerosis are

probably responsible for many cases of female

sexual dysfunction. Data on the effect of neurologic

diseases affecting the peripheral nervous system or

various surgical techniques (in particular hysterecto-

my) on sexual arousal and orgasm are limited. Deve-

lopment of new diagnostic tests, and surgical tech-

niques which spare the genital nerve, are mandatory.

There is a tremendous need for more research in this

area.

Sexual problems in women are highly prevalent, fre-

quently distressing, and poorly understood at pre-

sent. There has been a long history of neglect of

sexual problems generally in medicine, but especial-

ly in women. The causes and treatments of sexual

dysfunction in women have been of academic

concern for more than half a century, but there are

limited integrative (psychologic and biologic)

research efforts at understanding physiology and

pathophysiology of women's sexual health issues.

CONCLUSION
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Current understanding of the psychologic and biolo-

gic mechanisms responsible for sexual function must

be expanded in order to improve clinical manage-

ment of sexual dysfunction in women. Clinical

pathophysiologies of sexual desire, arousal and

orgasmic dysfunction in women include neurologic

disorders; depression and anti-depressants; endocri-

ne disorders such as hyper- and hypothyroidism,

hyperprolactinemia, diabetes mellitus; pelvic surgery

including surgery for rectal cancer, radical cystecto-

my for urologic malignancies and hysterectomy; and

stroke. 

There is emerging knowledge on women’s sexual

dysfunction from the establishment of a host of expe-

rimental models, from advances in psychological,

biochemical and molecular biologic approaches and

the development of new diagnostic tests. Well-defi-

ned end-points and outcomes and a general consen-

sus on the diagnostic framework for assessment and

treatment of FSD are important goals for the future

of sexual health and well-being involving both mind

and body.  It is anticipated that the coming years will

bring new knowledge and improved clinical care in

the management of women’s sexual dysfunction.  
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As a first order of business for this committee, defi-

nitions for the various conditions to which this

consultation is directed were required. The commit-

tee and the entire consultation struggled with this.

Whether to use the word dysfunction consistently for

sexual problems for men and women was discussed

in detail. There were some who felt that there should

be some consistency of terms, others who felt that

disorder was a better word particularly for those pro-

blems with sexual function experienced by women.

Other definitions did not require a specific term such

as disability, dysfunction, disorder, or incapacity (all

discussed by this committee as a possible common

unifying term) as you will see below, for example

dyspareunia, vaginismus, or early ejaculation. It can

be argued, quite rationally, that many of these condi-

tions are symptoms, such as erectile dysfunction, and

therefore may represent various etiologic categories

or manifestations of other diseases such as diabetes

mellitus. For many conditions affecting the sexual

activity of women, it was thought that a definition

should include an element of bother or distress. This

committee has chosen for epidemiological reasons to

present a per se definition and add bother and dis-

tress as descriptors that can certainly enhance clini-

cal use. For instance, in the previous consultation on

erectile dysfunction, the word “satisfactory” appea-

red in the definition of that disorder. This committee

wondered “satisfactory” for whom, the man, and/or

his partner, in one situation or another. The commit-

tee felt that the word warranted further description

when used and chose to leave it out of the new defi-

nition that appears below.

Epidemiological data are the basis for assessing the

overall impact of a condition on a given society. The

two components of epidemiology, descriptive epide-

miology (incidence and prevalence by persons, place

and time- usually focusing on nationally and regio-

nally representative samples) and analytical epide-

miology (the search for disease or condition risk that

may serve to increase prospects for prevention) are

the main components for this chapter. Incidence is

defined as the number of new cases with a certain

condition during a specific time period in relation to

the size of the population studied. Prevalence cha-

racterizes the proportion of a given population that at

a given time has the condition. In the case of sexual

dysfunctions, incidence and prevalence are usually

measured using self-reports. Lack of consensus in

definition of the condition and in scaling does, 

however, lead to considerable problems for compa-

ring incidence and prevalence of sexual conditions

described from different investigations. Different

methodological rationales, such as the time period

studied (3 months, 6 months, 1 year, life-long), dif-

ferent age strata included and (self-) selection biases

are other problems in comparative analysis. Some

reports include only one particular sexual disorder,

most prominently for studies for erectile dysfunc-

tion, while some include different conditions in both

genders, making it possible to perform cross-gender

epidemiological calculations.

Thus, a uniform nomenclature including categoriza-

tions as well as quantifications is, however, necessa-

ry in order to pave the road for valid and reliable:

1.comparative studies between nations and regions,

2.identification of risk factors/comorbidities, 3.pri-

mary and secondary preventions, and 4.evidence

based interventions.

A major thrust of this particular consultation was to

use evidence-based medicine standards for inclusion
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of material analyzed and cited [1]. This committee

has, concerning descriptive epidemiology, adhered to

the classification of epidemiological validity descri-

bed by Prins et al [2], who identified 15 dichotomi-

zable (yes/no) points for being recognized as valid

from the prevalence or incidence point of view. (Table

1). In this chapter only nationally or regionally repre-

sentative studies published in peer-reviewed journals

or in books, and judged to be at least reasonably valid,

i.e. reaching at least 10 of 15 possible yes-answers on

the Prins et al assessment, are included. Articles cited

in the analytical section are also scored Ib or higher

using the evidence-based criteria. [1].

At present, the two most widely used sets of defini-

tions of sexual dysfunctions are those given by the

World Health Organization (WHO), 1992 [3] in the

ICD-10, and by the American Psychiatric Associa-

tion, (DSM-IV), in 1994 [4].  In sexual medicine, the

ICD-10 has mainly been used within somatic care

and the DSM-IV within psychological/psychiatric

settings.  Both sets of definitions are basically built

upon the mainly physiological model of genital res-

ponses and symptoms disturbing coital intercourse

first described by Masters and Johnson [5]; later

modified by Kaplan [6]. Both sets add to the sexual

response “cycle” sexual pain definitions in which,

for women, vaginismus is included.  Both sets regard

sexual dysfunctions (ICD-10)/disorders (DSM-IV)

as involving combinations of physical and psycholo-

gical constituents but believe it possible to separate

these.

A basic feature of the ICD-10 definitions is that

sexual function per se is defined as the various ways

in which an individual is able to participate in a

sexual relationship as he or she wishes.  The ICD-10

uses definatory categories, which are sub-categori-

zed into organic (N-series) and non-organic (F-

series) dysfunctions; but several inconsistencies are

built into the system.  For example, female arousal

disorder is mainly described in terms of vaginal phy-

siological response; while for the men, satisfactory

intercourse is included in the ED-definition.  The

ICD-10 does not include delayed ejaculation as a

category by itself, presumably regarding retarded

ejaculation as equivalent to lack of orgasm.  

The DSM-IV has two definatory (A and B) catego-

ries describing psychogenically based disorders:

The A category focuses on defining sexual disorders

per se.  The common denominator of all is:  “persis-

tent or recurrent”.  It is explicitly pointed out that

each disorder must be a separated from a dysfunction

exclusively due to a general medical condition or a

substance-induced sexual dysfunction.  Here, a set of

subtypes is introduced.  The latter set of definitions

are valid only if the dysfunction is fully explained by

the medical condition or the physical effects of a

substance/drug, respectively.  When combinations of

psychological and organic conditions are judged to

be causal for a certain dysfunction, the DSM-IV

advocates the subtype:  “due to combined factors”.

The B category of the DSM-IV definitions add, to all

dysfunctions, a distress dimension:  The disturbance
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Table 1. Criteria for the methodological quality assessment

of prevalence studies- one point for yes to lower case query  

External validity

Source population

a) Does the method to select and invite participants result in

a study population that covers the complete population or

a random sample?

Description of the eligibility criteria

b) Is the age range specified?

c) Are inclusion and exclusion criteria specified?

Participants and nonresponders

d) Is the response rate > 70%, or is the information on non-

responders sufficient to make inference on the representa-

tiveness of the study population?                                      

Description of the study period

e) Is the study period specified?

Description of the study population

f) Are important population characteristicsa specified?

Internal validity

Data collection

g)   Are the data prospectively collected?

Measurement instrument (questionnaire, interview, additio-

nal)

h) Is the measurement instrument validated?

i) Is the period covered by the measurement instrument spe-

cified?

Definition of diseases

j) Is a definition of the disease stated?

Reported prevalences

k) Are age-specific and gender-specific prevalences reported?

l) Are possible correlates of disease reported?

Informativity

m) Is the method of data collection properly described (inter-

view, questionnaire, additional measurement)?

n) Are the questions and answer possibilities stated?

o) Are the reported prevalence rates reproducible?  

aTwo or more of: (i) age distribution; (ii) relevant comorbidity; (iii)

lifestyle factors (eg smoking and alcohol consumption); and (iv)

socio-economic data (eg income, education level, marital status)



causes marked distress or interpersonal difficulty”.

These A and B sets of definitions enables distingui-

shing a dysfunction per se from its emotional impact

(but only if marked) – intra- as well as interpersonal-

ly.  The B category does not leave a possibility for

inclusion of mild or sporadically occurring distress.

Some years ago a consensus panel recommended a

new diagnostic and classification system for

women’s sexual dysfunctions incorporating both

physiological and psychological pathophysiologies

and personal distress.  The consensus panel [7]

recommended a set of definitions which includes a

personal distress dimension for most of the dysfunc-

tions.  An important feature of the DSM-IV (A and B

categories) and the Basson et al [7] sets of definitions

is a classification into lifelong vs acquired (after a

period of “normal” functioning). Moreover, the

DSM-IV calls attention to another dimension, name-

ly, whether the dysfunction is generalized (occurring

in several different situations) vs situational (certain

situations).  It is underlined that the clinical evalua-

tion should include etiological factors.  An example

of such classifications is that given in 1999 by Lizza

and Rosen. [8] (Table 2).

There is currently a discussion on the adequacy of

the ICD-10 and DSM-IV definatory systems which

to many experts, and perhaps particularly pertaining

to women’s sexuality, appear too “medicalized” (by

Tiefer [9] ironically labeled biological innocence).

Leiblum [10] and Basson [11]  from the perspective

of women’s sexuality criticize the concept of a

linearly progressing sequential Desire→Arou-

sal→Orgasm model which does not regard women’s

sexual dysfunctions as interacting.  Bancroft, [12]

also from the perspective of female sexuality, sug-

gests that many cases of impaired sexual response or

interest are not dysfunctions per se, but are adaptive

reactions to problems in sexual relationships.  And it

has been suggested [13] that women’s sexual dys-

functions may best be conceptualized as a global

inhibition of sexual response due to intrapersonal

factors, an inhibition which may also be true for

male sexual disorders.  Thus, in epidemiological

research it has been found that, for women and men

alike, all sexual dysfunctions/disorders/disabilities

are generally significantly associated. [14, 15]

Hence, whereas definitions from a classificatory and

differential diagnostic point of view are necessary, it

appears unsound to assume that one sexual disorder

per se can, a priori, be expected to be a solitary phe-

nomenon for any given individual.    

On the basis of these deliberations, this committee has

selected the following definitions. These do not gene-

rally separate organic from psychologic caused dys-

functions which should (if adequate) be clarified

through the etiology and they are not mutually exclu-

sive.

The definitions of sexual dysfunctions for women

came primarily from deliberations by the work of an

international group of experts [16]. supported by the

American Foundation for Urological Disease and the

members of chapter 16 of this book.

Sexual interest/desire dysfunctions are diminished

or absent feelings of sexual interest or desire, absent

sexual thoughts or fantasies and a lack of responsive

desire. Motivations (here defined as reasons/incen-

tives), for attempting to become sexually aroused are

scarce or absent. The lack of interest is considered to

be beyond a normative lessening with life cycle and

relationship duration. This same definition for this

disorder applies to men as well (see below). 
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Table 2.  Classification for Male Erectile Dysfunction

Organic

1 .Vasculogenic

a) Arteriogenic

b) Cavernosal

c) Mixed

2. Neurogenic

3. Anatomic

4. Endocrinologic

Psychogenic

1 Generalized Type

a) Generalized unresponsiveness

i. Primary lack of sexual arousability

ii. Aging-related decline in sexual arousability

b) Generalized inhibition

i. Chronic disorder of sexual intimacy

2. Situational Type

a) Partner related

i. Lack of arousability in specific relationship

ii. Lack of arousability due to sexual object 

preference

iii. High central inhibition due to partner 

conflict or treatment

b) Performance related

i. Associated with other sexual dysfunction/s

ii. Situational performance anxiety

c) Psychological distress or adjustment related

i. Associated with negative mood state or life 

stress



The area of sexual arousal disorders is divided into

three subtypes. Genital sexual arousal dysfunctions

are absent or impaired genital sexual arousal. For

women, self-report may include minimal vulval

swelling or vaginal lubrication from any type of

sexual stimulation and reduced sexual sensation

from caressing genitalia. Subjective sexual excite-

ment still occurs from non-genital sexual stimuli.

This is a self–reported condition. Subjective sexual

arousal dysfunction is the absence of or markedly

diminished feelings of sexual arousal, (sexual excite-

ment and sexual pleasure), from any type of sexual

stimulation. Vaginal lubrication or other signs of

physical response still occur. Combined genital and

subjective arousal dysfunction is absence of or mar-

kedly diminished feelings of sexual arousal (sexual

excitement and sexual pleasure) from any type of

sexual stimulation as well as complaints of absent or

impaired genital sexual arousal (vulval swelling,

lubrication).

Persistent sexual arousal dysfunction is sponta-

neous, intrusive and unwanted genital arousal (e.g.

tingling, throbbing, pulsating) in the absence of

sexual interest and desire.  Any awareness of subjec-

tive arousal is typically but not invariably unplea-

sant. The arousal is unrelieved by one or more

orgasms and the feeling of arousal persists for hours

or days. Orgasmic dysfunction in women is lack of

orgasm, markedly diminished intensity of orgasmic

sensations or marked delay of orgasm from any kind

of stimulation. There is a self-report of high sexual

arousal/excitement in this disorder. Dyspareunia is

persistent or recurrent pain with attempted or com-

plete vaginal entry and/or penile vaginal intercourse.

Vaginismus is the persistent or recurrent difficulties

of the woman to allow vaginal entry of a penis, a fin-

ger and/or any object, despite the woman’s expressed

wish to do so. There is often (phobic) avoidance and

anticipation/fear of pain. Structural or other physical

abnormalities must be ruled out/addressed. Sexual

aversion disorder is extreme anxiety and/or disgust

at the anticipation of/or attempt to have any sexual

activity.

For clinical studies and relevance to clinical situa-

tions, various descriptors are recommended for the

various sexual dysfunctions in women and men.

They include degree of distress scales, life-long or

acquired status, situational or generalized occurren-

ce, and other relevant conditional states described in

Chapter 16.

For men, sexual interest/desire dysfunction has to

some extent been neglected in epidemiologic research

but is quite commonly seen in clinical practice. This

committee suggests a definition identical to the one

for women (see above).

Erectile dysfunction (ED) is defined as the consis-

tent or recurrent inability of a man to attain and/or

maintain penile erection sufficient for sexual activi-

ty. A 3-month minimum duration is accepted for

establishment of the diagnosis. In some instances of

trauma or surgically induced ED (e.g. post radical

prostatectomy), the diagnosis may be given prior to

3 months. Objective testing (or partner reports) may

be used to support the diagnosis of ED, but these

measures cannot substitute for the patient’s self-

report in classifying the dysfunction or establishing

the diagnosis.

It is the consensus of this international consultation

that premature ejaculation, a term considered relati-

vely inaccurate and pejorative, should be replaced by

the term early ejaculation. Early ejaculation is eja-

culation that occurs sooner than desired, either befo-

re or shortly after penetration over which the sufferer

has minimal or no control. As all or most other dys-

functions this is primarily a self-reported diagnosis.

A sexual history in which the patient uses language

that explicitly communicates the circumstance of the

condition is the fundamental basis of assessment

with time to ejaculation as the most important featu-

re. The opinion of the partner can provide a signifi-

cant contribution of clinical understanding. A com-

plete description is essential in distinguishing early

ejaculation from erectile dysfunction because these

conditions frequently coexist. Moreover, many men

are unaware that loss of erection after ejaculation is

normal; thus they may erroneously complain of ED

when the actual problem is early ejaculation.

Definitions of other sexual dysfunctions for men

include the following: 1.) delayed ejaculation is

undue delay in reaching a climax during sexual acti-

vity, 2.) orgasmic dysfunction is inability to achieve

an orgasm, markedly diminished intensity of orgas-

mic sensations or marked delay of orgasm during

conscious sexual activity, and 3.) anejaculation is

the absence of ejaculation during orgasm.

• CLASSIFICATION OF SEVERITY

During recent decades different clinically well vali-

dated indexes, some examples being for men the

IIEF [17] and for women the FSFI, [18] have been

introduced.  However, aggregated scores have been

questioned [19, 20] as a summed score may obscure

a (sexual) aspirations-achievement gap within perti-
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nent sub-domains.  To make studies comparable, it

seems to be of importance not only to have uniform

definitions but also to use uniform scales.  The two

grade scales (yes/no), for example used by Laumann

et al [15], Kadri et al [21], and Smith et al [22], may

be too rigorously undifferentiated and may lead to

exaggeration of the severity of any given dysfunc-

tion.  In the USA, a four-graded (No/Mild/Modera-

te/Complete) scale has been used [23], while in Swe-

den [24] in another large  prevalence study a 6-gra-

ded scale (Never/Hardly ever/Rather rarely/Rather

often/Often/ Always, nearly always) has been used

applying single questions both for characterization

of dysfunction per se and for dysfunction-caused dis-

tress. This scale has been trichotomized:  No dys-

function (never), Mild dysfunction (hardly ever,

rather rarely) and Manifest dysfunction (rather often,

often, always/nearly always). 

The common mode used in population-based epide-

miological research is single variables, each intended

to cover one particular sexual dysfunction.  The pos-

sible adequacy of using single question self-assess-

ment was looked upon by Derby et al [25], who found

close correlations between the prevalence of erectile

dysfunction, tapped simultaneously by the IIEF erec-

tion domain, three erectile domain items of the

BSMFI [26].and the one four grade (no, Mild, Mode-

rate, Complete) item used by Feldman et al [23] in

their now classical treatise of the prevalence of  ED.

1. INCIDENCE OF SEXUAL DYSFUNCTIONS IN

MEN:

There are few epidemiological surveys addressing

the incidence of sexual disorders. For erectile dys-

function there are three population-based studies that

describe the incidence of erectile dysfunction, one

from the USA [27], one from Brazil [28], and one

from the Netherlands [29] (Table 3). Two other

papers have been identified that report on incidence

in a preventive medical care clinic in the USA[30] or

in a group of general practices in the UK [31]. The

most important conclusion that can be drawn from

these studies is that incidence is strongly associated

with age. In the study from the UK the incidence of

ED varied between 8-10 cases per 1000 man years in

the period 1999-2000 (in men aged 40-79). This inci-

dence had more than doubled from about 4 cases per

1000 man years in the period 1996-1997, that is,

before the introduction of Sildenafil.

The first published, population-based study on inci-

dence came from the MMAS (Massachusetts Male

Aging Study)[27] ; the participants were predomi-

nantly white. Analyses were performed on 847 ED-

free men at baseline (with a baseline age between 40

and 69 years; average 52.2 years). After an average

follow-up of 8.8 years a crude incidence rate of 26

cases per 1000 man-years was found (95% CI: 22.9-

29.9). The annual incidence rate increased with each

decade of age (table 3). The age-adjusted risk for ED

was higher for men with lower education, diabetes,

treated heart disease, and treated hypertension.

The Brazilian study was conducted in the city of Sal-

vador, the third largest city of the country, with a

racially diverse population. [28] Analyses were per-

formed on 428 ED-free men at baseline (with a base-

line age between 40 and 69 years; 53% of the men

were below the age of 50 at baseline). 

After an average follow-up of 2 years (range 1.7-2.3)

a crude incidence rate of 65.6 cases per 1000 man-

years was found (95% CI: 49.6-85.2). The annual

incidence rate increased with each decade of age

(table 3). The age-adjusted risk for ED was higher

for men with lower education, diabetes, treated heart

disease, treated hypertension, depression and benign

prostatic hyperplasia. Based on an analysis of baseli-

ne characteristics of men in the study, the authors

conclude that the analysis sample was similar to the

sample of men lost to follow-up.

In Europe, the Krimpen study is conducted in the

town of Krimpen aan den IJssel (The Netherlands);

this is a commuter town near Rotterdam with a pre-

dominantly Caucasian population. [29] Analyses

were performed on 1458 “clinically-relevant-ED”-

free  men and  1432 ED-free men (see table 3. for

definitions of ED) at baseline  (with a baseline age

between 50 and 78 years; therefore, in comparison

with the other two studies, all men were above the

age of 50 at baseline). Inasmuch as this study consis-

ted of a baseline measurement and 2 follow-up mea-

surements after an average of 2.1 and 4.2 years, res-

pectively, it was possible to determine incidence

rates based on two different follow-up periods. After

an average follow-up of 2.1 years (range 1.8-3.3), a

crude incidence rate of 32.8 cases per 1000 man-

years was found (95% CI: 28.0-38.4). Furthermore,

after an average follow-up of 4.2 years (range 3.6-

5.8) a crude incidence rate of 19.2 cases per 1000

man-years was found (95% CI: 16.1-22.9). The

annual incidence rate increased with each decade of

age (table 3). 

IV. DESCRIPTIVE EPIDEMIOLOGY

43



In this study, an attempt was made to determine the

incidence rate of “clinically relevant”- ED which

means that “concern” of the man was considered in

the definition. This analysis showed that the age-spe-

cific incidence rates as compared to the rates based

on the usual definition of ED, were higher in the men

aged 50-59, slightly lower in men between 60 and

69, but considerably lower in men above 70 years of

age (table 3). Based on an analysis of lost to follow-

up cases, the authors conclude that the influence of

this problem on age-specific incidence rates is negli-

gible.

It is clear that there are large differences in inciden-

ce rates between these studies. Some of the diffe-

rences can be explained by the design of the different

surveys. A younger baseline age (such as in the

MMAS and Brazil study compared to the Krimpen

study) would result in a population that is on avera-

ge healthier. Surveys conducted as at home inter-

views might result in a baseline population that is

less healthy than in a study where the men have to

make an effort to visit a health center or clinic. An

eligibility criterion like the one that participating

men should have a sexual partner (MMAS) also

theoretically results in a potentially healthier baseli-

ne population. There are probably large differences

in SES (socio-economic status) between the studies.

In Brazil, more than one third of the men had less

than 4 years of education. It is well known that level

of education is a good proxy for SES.

From the comparison of the different follow-up per-

iods as was done in the Krimpen study, it becomes

clear that a longer follow-up leads to decrease of the

crude incidence rate. There are several reasons why

this is the case. ED may be a self-limiting problem in

some men. After a longer follow-up, more men may

have died or have become so ill that they cannot par-

ticipate any further, leaving a healthier population

for the follow-up measurements. 

The above-mentioned factors and biases may work

in one direction or the other, making it very difficult

to compare studies in which one or more of the fac-

tors or biases may be at work. It is clear that it is

impossible to come up with “THE” incidence of ED.

The most important common theme of the studies is

the fact that incidence increases with age but also

that concern in men above 60 and certainly above 70

is generally less, explaining the decreasing incidence

of “Clinically-relevant”- ED. But there is also a cen-

soring problem- differential mortality of the sick and

less-well purges of the potentially interested in the

older population.

In the Krimpen study the crude incidence of 14.1

cases per 1000 person years for “Clinically rele-

vant”-ED after a follow-up of 4.2 years is strikingly

similar to the  incidence of ED (8-10 cases per 1000

man years) that was recorded in general practices in

the UK 1999-2000 in men aged 40-79 years, which

is somewhat younger than the Krimpen population.

[31]. 

2. INCIDENCE OF SEXUAL DYSFUNCTIONS IN

WOMEN

In the early 1990’s, about 45% of Finnish women

and 40% of men aged 18-74 reported decreased

sexual desire during the past 5 years [32]. This inci-

dence was closely age-related, as less than 20% of

women and men among those younger than 25 but

70-80% of those aged 55-74 reported decreased desi-

re.  Similar 5-year incidence (40% of women and

36% of men) was found in the mid 1990s in Sweden.

[33]. In the latter investigation, 11% of women and

5% of men reported markedly decreased desire.  One

explanation for this decrease may be that with longer

duration of partnership, desire tends to decrease [34].

and, as discussed in Chapter 16, sexual desire, to a

greater degree than sexual interest, may be seen as a

partner-related aspect of sexuality, not really sepa-

rable from arousal.   

3. PREVALENCE OF SEXUAL DYSFUNCTIONS IN

WOMEN AND MEN

As mentioned above, prevalence tables for sexual

dysfunctions for women and men, Tables 4-6, were

constructed from reports in peer review journal

articles or books which met strict inclusion criteria of

at least 10 of 15 possible assessment points from the

Prins et al article [2]. One of the chairmen of this

committee and at least one other of the members of

the committee have screened all to meet the criteria.

The literature was located through data-bases, the

previous chapter on ED from the first consultation

[35], and surveys from Spector and Carey (1991)

[36], Simons and Carey (2001) [37], Lewis [38], and

Kubin et al  [39]. A few of the references were found

by crosschecking the bibliographies from the articles

sourced by the methods stated above. All of the

articles included in the tables furnish evidence at the

Ib hierarchical level [1].

There is, by and large, (in spite of different numbers

of dysfunctions registered, different classifications

of severity and different age strata studied) reasona-

bly valid descriptive epidemiological data indicating

that about 40-45% of adult women, but 20-30% of
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Table 3. Incidence rates of erectile dysfunction in population based cohort studies.



adult men have at least one manifest (as opposed to

mild – i.e. sporadically occurring – or none) sexual

dysfunction defined according to the DSM-IV A-

category.  Assuming an approximately even distribu-

tion in societies worldwide, this means that about

one third of all adults, at least in the western hemis-

phere from which these investigations emanate, have

a manifest sexual dysfunction per se.

4. PREVALENCE OF WOMEN’S SEXUAL DYS-

FUNCTIONS

An overview of the valid studies on prevalence of

women’s sexual dysfunctions, when feasible, dicho-

tomized into mild (MiD) and manifest (MaD) is

given in table 4. Among these 11 descriptive epide-

miological studies seven were from Europe, two

from the USA and one each from Morocco and Aus-

tralia. There were pronounced methodological diffe-

rences between these studies. Thus, seven of them

used face-to-face interviews. Telephone interviews

of very varying length were the bases of three. One

of the studies used a mailed questionnaire. While

interviews, whether face-to-face or by telephone for

pragmatic reasons, can be regarded reliable [22],

there is in the literature some doubt about the relia-

bility of mailed questionnaires. A main reason being

that a mailed questionnaire may be answered in

consensus between partners. Such a questionnaire

may also yield a relatively low response rate. 

Another difficulty is the difference in the age strata

studied. As can be seen in table 4., the Icelandic

investigation covered a very narrow age span (but

included half the population at this age). One of the

British studies focused only on elderly women while

others cover an age span from the teens and up to the

early seventies. Only two studies, the Finnish and the

Swedish, may, from the sample selection and defina-

tory points of view, be regarded as twins. However,

these two countries are neighbors with rather small

total populations.

Even the period of sexual functions/dysfunctions dif-

fers considerably. Thus, while the Icelandic and

French studies describe life long prevalence, others

address the past year – or even a briefer period. A

special case is the recent Australian study in which

questions were initiated by the phrase: ”During the

last year has there been a period of one month or

more when you” then followed by the dysfunctions

per se.

Also definitions and classification of severity vary

considerably ranging from DSM-III (or IV) based

face-to-face interviews which post hoc are transfor-

med into a yes/no dichotomy and up to strictly struc-

tured questions applying 4, 5 or 6 graded scales.

a) Interest/Desire:

As pointed out in chapter 16, the definatory catego-

ry desire/interest is ambiguous because in women

”desire” is probably not separable from the psycho-

logical aspects of arousal – yet another argument for

universal consensus.  Moreover, some authors may

prefer to use the label “libido” (for women and men

alike), a label that should be reserved for psychoana-

lytical descriptions/interventions.

In any case, using different methods and scalings,

descriptive epidemiological investigations have

found that the prevalence of manifest low level of

sexual interest varies between 17% (GB) in 35-39

year old women [40] through 33% (USA 18-59 years

and Sweden 18-74 years) and up to 55% in Australia

[41]. Neither in the US [15]. nor in Sweden [24]. is

there an age dependency up to the age of about 60-

65. In Australia 16-19 year old teenagers had signifi-

cantly lower level of sexual interest dysfunction than

older cohorts.  As shown in table 4, a major differen-

ce between the USA and Sweden in this respect was

that the oldest Swedish women had considerably

higher prevalence than had the 18-59 year old USA

women but clearly lower prevalence among the

youngest women.  In Sweden, 54% of the 18-74 year

old women reported mild dysfunction of sexual

interest during the preceding year.  This is very close

to the French 55% prevalence [42] of mild desire

dysfunction.  These numbers are so high as are the

numbers of mild orgasmic dysfunction and of dyspa-

reunia that it might be contemplated if mild sexual

dysfunction in women may best be professionally

ignored.  However, both those with manifest and

those with mild dysfunctions had significantly lower

level of overall sexual satisfaction than had those

with none of these dysfunctions [24].

Manifest low level of sexual desire was in Finland

[32] reported in as much as 35% of 18-74 year old

women, being about 15-25% in women younger than

55, but increasing to about 50% in women aged 55-

74.  Lower levels of manifest desire dysfunction

were reported from Sweden [43], where among

women at the same age about 10% up to the age of

49 had low level of desire. The prevalence then dou-

bled to 22% in those aged 50-65 and again doubled

(47%) in the 66-74 year olds.  These numbers appear

to agree rather well with those reported in Iceland

[44] and in Morocco [21], while in France [42]
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Table 4. Valid epidemiological investigations (arranged according to publication year) of prevalence of women’s sexual dysfunctions. 

MiD = mild, sporadically occuring dysfunction. MaD= manifes dysfunction occuring at least quite often. NG= Not given. *excitement   ** anorgasmia



clearly fewer have manifest, but 55% have mild desi-

re dysfunction.

b) Arousal and Lubrication 

As previously mentioned, the conventional defini-

tion of arousal nearly exclusively covers genital

events, foremost lubrication (and in men, erection).

However, both in women and men, these genital

events may not at all be accompanied by psycho-

sexual pleasure (i.e. “arousal”).  The obvious need of

redefining arousal in relation to desire will be dis-

cussed in chapter 16.

Using the DSM-IV definition, 16% of 55-57 year old

Icelandic women were found to have low levels of

excitement [44]. However, most valid epidemiologi-

cal research has focused on genital response in terms

of vaginal dryness/insufficient lubrication.  Even in

this aspect, there are considerable differences bet-

ween different epidemiological studies (table 4).

Generally, manifest lubrication disability is prevalent

in 8-15%, while Laumann et al [15], Richters et al

[41], and Dunn et al [45] reported this to be the case

in 21-28% of sexually active women. These three

investigations all used a dichotomous yes/no scale.

Additionally, Öberg et al [24] found that 49% of

Swedish women aged 18-65 years had mild (spora-

dically occurring) lubrication insufficiency.  Some

studies have evidenced that with increasing age, in

particular age > 50 years, lubrication insufficiency

becomes more prevalent [43, 45], while others have

not found age dependency in this respect [15].

c) Orgasm  

This topic will be discussed in more detail in chapter

9.  The prevalence of manifest orgasmic dysfunction

varies considerably in the available epidemiological

reports.  Again, this may to a great extent be due to

de facto incompatibilities of reports.  Nevertheless, it

appears that in Australia [41], England[45], Sweden

[43] and the USA [15] the prevalence of manifest

orgasmic dysfunction is about 25% in 18-74 year old

women.  In most of these countries, age dependency

has not been traced while in Australia for about the

same overall prevalence, 50-59 year old women

were more likely to report orgasmic dysfunction than

were those aged between 16 and 49 years.  A some-

what higher (30%) prevalence has been reported

from Finland [32]. A significantly higher prevalence

(41%) of manifest orgasmic dysfunction among 51-

62 year old women has been reported from Massa-

chusetts [46]. In other studies [21, 40, 42] , the pre-

valence of manifest orgasmic dysfunction is much

lower (11-16%), while that of mild orgasmic dys-

function is remarkably high (about 60%) in the two

Nordic countries, where identical methodology were

used.  Thus, in these two countries, more than 80%

of all sexually active women aged 18-74, age inde-

pendently, report some degree of orgasmic dysfunc-

tion.

d) Dyspareunia and Vaginismus 

These conditions are discussed in chapter 16.  The

syndromes are clearly less prevalent in the general

population.  Thus, 6% of Moroccan [21] and Swedi-

sh [43] women reported some degree of vaginismus,

which does not appear to be related to age. The pre-

valence of manifest dyspareunia has been reported as

low as 2% in elderly British women [47] while ano-

ther British study [45] and the Australian one [41]

found that dyspareunia prevailed in as many as 18-

20%. Mild (sporadically occurring) dyspareunia is 4-

8 fold more common than is manifest. Several inves-

tigations have described increasing dyspareunia with

increasing age [15, 43, 45] while in Australia the

opposite has been found with a systematic decrease

of reported physical pain during intercourse from the

age of 30 years and onwards [41].

5. PREVALENCE OF MEN’S SEXUAL DYSFUNC-

TIONS

a) Interest/Desire

Altogether we have identified 7 epidemiologically

valid reports (table 5) that include men’s interest

and/or desire. Whereas in the USA [15] and Sweden

[43] the prevalence of low or decreased level of

sexual interest during the last 12 months by and large

are remarkably similar and age independent up to the

age of about 60 years; a sharp increase appears to

emerge at older age. It is, therefore, not surprising

that the elderly population of men, with greater pre-

valence of, for instance, ED (see below) is not more

sexually distressed than their younger peers. In Aus-

tralia [41] a clearly higher prevalence, without any

pronounced age effect, of about 25% was reported by

16-59 year old men. Generally dysfunction of sexual

desire/drive is much less prevalent than dysfunction

of interest, whether life-long (France [42] and Ice-

land [44]) or during the past year [43] or so. Howe-

ver, at higher ages (>65-70) both Panser et al [48]

and the Swedes [43] have also demonstrated sharp

increase in this prevalence. To sum this up: the popu-

lations’ level of sexual interest appears quite stable

from the late teens and up to about 60, where after it

decreases markedly. The same may be true for sexual

desire/drive which may in many men, however, start
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Table 5. Valid epidemiological investigations (arranged according to publication year) of prevalence of men’s sexual dys-

functions. Erectile dysfunction not included.

NG= not given



to decline already around the starts of their 6th deca-

de of life. 

b) Erectile Dysfunction 

Table 6 is a compilation of the data from 24 studies

around the world regarding prevalence of ED (male

sexual arousal dysfunction) from 1993 to 2003. At the

time of the first consultation on ED there were very

few studies that would meet this more stringent evi-

dence-based criteria. In fact, of the 24 presented in this

table, only six were included in the first consultation

chapter. Many studies were performed after the book

concerning the first consultation was published. There

is a better global representation now.

Design of the studies included survey questionnaire

only (survey) or cross-sectional study with additio-

nal measurements (CS) and the table shows 18 of the

former and 6 of the latter. Self-administered ques-

tionnaires were the instrument used in 12 of the sur-

vey designed studies and interviews in the remaining

6 of these. In the cross-sectional studies all studies

used the instrument of self-administered question-

naires except one study from Wales, which used an

interview. A unique feature of a study from Denmark

was that 100 of the men who had not reported ED on

the self-administered questionnaire were subse-

quently interviewed in an office setting and seven of

these reported at the interview ED of a significant

nature, thus increasing the original 4% percentage of

ED in this group of 51 year old Danish males by 7%

in these 100 men [49].

However, as in the case for women’s dysfunctions,

there is great variety in methodologies of the studies.

The authors of this chapter have eliminated many

reported categories of mild ED reported in some of

the studies, since that particular description is so

varied.  The definition of ED used for the particular

study and reported on the table is included in table 6.

The reader can see that the definition of ED varied

among the studies and thus comparison between stu-

dies is from the beginning hampered. Time period

covered by the questions about ED varied from a few

months to one year, and 8 of the studies did not spe-

cify a time period questioned about ED. By region of

the world, there were 15 studies from Europe (three

from the United Kingdom, two each from the

Netherlands, Sweden, Finland, and France and one

each from Denmark, Germany, Italy, and Spain), 5

from the United States, one each from Thailand and

Japan, and 2 from Australia. 

Most were random population studies, some strati-

fied by age or region. The Japanese study by Masu-

mori et al included all men 40-79 years of age in a

fishing village with  42.3% participating the study. In

the study from Denmark reported by Solstad and

Hertoft, all men of the age of 51 year from selected

communities were sent questionnaires with an 81%

response rate. Five of the studies were from general

practice (GP) settings; three that included all men

registered in the general practice. These three inclu-

ded one from the United Kingdom, 40 years and

older, with a 65% response rate, one from the

Netherlands, 50-75 years of age, with a 47% respon-

se, and one from Wales, UK, 55-75 years of age, with

a 50% response rate. Two of the other studies were

random population studies of the GP registrations,

one from the United Kingdom, 18-75 years of age,

with a 39% response and one from Italy, age 18 years

and older, with a 82% response rate.  The percentage

of response was determined from data presented in

the paper or chapter regarding the eligible number

who were scheduled to be screened and ranged from

39 to 82%. The number of respondents was not

below 200 in any of the studies and only five of the

twenty-one were under 500 in number. Four of the

studies reported no differences between responders

and non-responders and the other 9 did report diffe-

rences as summarized in the table. Eleven did not

address this issue. 

All the studies which were stratified by age showed

rising prevalence of ED as the population aged. In

the Scandinavian studies, the prevalence seemed to

rise sharply after the age of 65 years, with rates of

20% or greater after this age and this rate doubling

when reaching the age of 70 years or older. The pre-

valence of ED before the age of 61 years in the nor-

thern European studies were generally quite low.

The same tools and methods were used in a United

States study and a Japanese survey [48, 59].  Thus

these two could possibly provide for the best compa-

rison between two cultures. The Japanese study sho-

wed almost double the prevalence rate for the four

decades reported on compared to the American

study. In contrast, the study from Thailand showed

half of the prevalence rate for the age group 40-49

years compared to the Japanese study but almost

equal rates for the other older decades reported.

In the studies from the United States, the methods

used and populations varied but two of the studies

showed fairly consistent prevalence rates for the

various ages, the Massachusetts Male Aging Study

(MMAS) and the study from Ansong  [23, 25, 51-52,

64]. The Laumann data included men who were

younger and reported only half the prevalence rate

50



5
1

Table 6.  Worldwide Prevalence of Erectile Dysfunction 



5
2

Table 6.  Worldwide Prevalence of Erectile Dysfunction  (Continued)



5
3

Table 6.  Worldwide Prevalence of Erectile Dysfunction  (Continued)



5
4

Table 6.  Worldwide Prevalence of Erectile Dysfunction  (Continued)



5
5

Table 6.  Worldwide Prevalence of Erectile Dysfunction  (Continued)



5
6

Table 6.  Worldwide Prevalence of Erectile Dysfunction  (Continued)



for the men 50 to 59 years of age compared to the

other two studies from the United States. The Olm-

sted County study from the United States also show-

ed a lower prevalence rate by a large amount for the

ages 40-59 and half the prevalence rate for the

decades 60-69 years but similar rates for the decades

70-79 as the MMAS data [48]. The survey from

France showed about 10% less prevalence for each

decade stratified, 50-59 years, 60-69 years, and 70-

79 years, than the MMAS study [55]. The single

study from Germany showed similar results as the

French study except for the age of 70 years and grea-

ter where the prevalence data matched the MMAS

study. In the study from Italy similar prevalence rates

to the ones stated above were found for these three

decades of life and prevalence rates of 2-5% were

seen for those aged 18-49 years of age. In the survey

from Spain, very low rates were seen from ages 25 to

49 years, 2-3%, the rate doubled for the decades of

50-59 years to 8% and then rose sharply to 21% for

those 60-70 years of age. In the two studies from the

Netherlands, different age stratifications made com-

parisons of rates difficult but the prevalence was low

for ages 40-59 years, 3 to 9%, but seemed to rise

after age 60 to rates about half those reported by the

MMAS. The studies from the United Kingdom

showed varied results but the definition of  ED

varied and the age cohorts reported varied greatly.

However one of the studies agreed fairly well with

the age reported prevalence data from the MMAS

study [56]. Above the age of 60 years prevalence

rates increased to almost double the rates before  this

age.

One important issue to be addressed in future resear-

ch is the validity and reliability of self-report data on

ED generated in response to a single question (e.g.,

the NHSLS’s [15] question, “During the last twelve

months has there been periods of several months or

more when you…had trouble achieving or maintai-

ning erection?”) when compared to results from the

well used validated, multi-item International Index

for Erectile Function (IIEF), [17] which is, of cour-

se, also a scale based on self-reports [71].  The ques-

tion of which of the two instruments may be more

useful and accurate for large population studies

remains controversial.  A good correlation of each

criterion in population samples has recently been

reported [25]. A single self assessment direct ques-

tion to evaluate ED was applied to the population

based samples of the MMAS follow-up evaluation,

in addition to the Brief Male Sexual Function Inven-

tory (BMSFI) and the IIEF. Prevalence was similar

to that determined on the IIEF, agreement was mode-

rate ( 0.56 to 0.58 ) and association with previously

identified risk factors were similar for each classifi-

cation. The single question correlated well with these

other measures (r= 0.71 to 0.78, p<0.001). However

the incidence of subjects not classified due to mis-

sing data was 9% on the MMAS single question, 8%

on the BMSFI, and 18% on the IIEF. Based on these

data, the direct self-assessment question may be a

practical tool for population studies, in which detail-

ed clinical measures of ED are impractical.

The Global Survey of Sexual Attitudes and Behavior

(GSSAB) [74-75]. has reported prevalence data

based on two items, the first item corresponding

exactly to the NHSLS question while the second asks

if the respondent has reported a problem of achieving

and maintaining an erection for two months or more,

he is then asked, “how often would you say this has

occurred during the last 12 months?” The choices are

either occasionally, sometimes, or frequently. The

GSSAB regarded only respondents reporting perio-

dic, i.e. sometimes or frequently, difficulties as indi-

cating moderate or severe ED. Across 7 world

regions, between 22% and 44% reported only having

occasional problems with ED of several months

duration. These respondents were excluded from the

prevalence estimates of having ED. Various systema-

tic review of population-based estimates of sexual

dysfunction note the considerable variation in the

items asked to establish the presence of ED in the

respondent (see Table 6.) and the resulting difficul-

ties posed in establishing the comparability of the

estimates across studies [2, 37].  It is imperative that

research evaluating the relative efficacy of different

measurement strategies be undertaken to establish

recommended “best practice” for future studies.

Consideration of “best practice” should be mindful

that useful epidemiological data can often be genera-

ted with brief questions that would not be especially

effective in identifying more narrowly defined clini-

cal conditions.

In summary, the prevalence of erectile dysfunction

on a world wide basis shows  a great deal of varia-

tion but the way the information is collected, the way

the population is sampled, the tools used for the sur-

vey, and, most importantly, the way ED is defined

vary greatly. Below the age of 40 years the prevalen-

ce is 1-9%. In the decades from 40-59 the prevalen-

ce ranges from 2-9% to as high as 20-30% with some

populations showing marked differences between the

40-49 age groups compared to the 50-59 year age

group. In fact, the 50-59 year age group showed the
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greatest range of reported prevalence rates. Most of

the world show a rather high rate from 20-40% for

the ages 60-69 years, some increasing after age 65

years, except for most of the Scandinavian reports

where the age of 70 years and older is the decade of

major prevalence rate change. Almost all of the

reports show high prevalence rates for those men in

their 70’s and 80’s, ranging from 50 to 75% preva-

lence of ED in these decades.

c) Ejaculation Dysfunctions:

Ejaculation is distinct from orgasm, which is a pure-

ly cerebral cortical event.  If current understanding

of ejaculation is limited, the knowledge regarding

orgasm remains even more obscure.  It is not until

very recent time that it was accepted that ejaculatory

disorders may have a neurobiological origin rather

than being a pure psychological issue [76].  

We have been able to locate only five descriptive

epidemiological investigations of ejaculatory distur-

bances fulfilling our validity criteria. These are given

in table 5. The prevalence varies from 9% and up to

31%. The 15% life-time prevalence found in Fran-

ce[42] covers 5% who often had experienced ejacu-

lation prior to penetration and 10% who often had

ejaculated too rapidly after vaginal intromission.

This prevalence appears to agree rather reasonably

well with the 9% in Sweden [43] and the 13% and

14% (last 3 months) in the Netherlands [70] and the

United Kingdom [45]. The 2-3 fold higher prevalen-

ce expressed as “climax too early” and still higher

for 50-59 year old men reported from the USA may

be a result of the dichotomous scale (yes/no) used by

Laumann et al [15], while the European investiga-

tions used pluri-step scales. 

Still fewer investigators have reported on the preva-

lence of delayed ejaculation. It is, in fact, probable

that many men who have difficulties in maintaining

an erection during vaginal intercourse also report

delayed ejaculation. Hence the already relatively low

reported prevalence may be exaggerated.  

These prevalence studies applied various frequently

non-validated definitions of and methodologies for

evaluation of early ejaculation.  However, it should

be emphasized that normative data on ejaculation

latency time obtained by the stopwatch method in the

general male population are mandatory to really esta-

blish the prevalence of early ejaculation.  Obviously,

an accurate definition of early ejaculation is necessa-

ry, not only for clinical diagnosis and treatment, but

also for comparing data from different studies and

performing epidemiological studies [76].

Unfortunately, there is a real paucity of studies dea-

ling with either clinical or non-clinical samples from

which we can really draw valid figures in keeping

with the Prins’ criteria listed elsewhere. Since defini-

tions regarding ejaculatory, orgasmic and desire

disorders in males, broadly known and accepted,

were lacking, this “scenario” was in some way

expected.  Table 5 relates prevalence data for early

(premature) ejaculation. 

One of the problems of surveys regarding early eja-

culation is the inconsistency of how the condition is

defined. It can be defined by time to ejaculation, in

the context of the sufferer’s or partner’s satisfaction,

the number of penile thrusts after intromission, or

even in the context of the amount of sexual stimula-

tion. Some examples for surveys include the man

reaches orgasm or ejaculation within one minute

after the initiation of vaginal penetration or the man

experiences ejaculation that occurs too early for the

women’s partner satisfaction in at least 50% of the

attempts [77].  Another definition for fast or prema-

ture ejaculation is ejaculation before or very soon

after intromission that causes personal distress [78].

Timed definition of early ejaculation include ejacu-

lation occurring within 1, 2, 3, or even 7 minutes

after penetration. When penile thrusting is used the

variance has been ejaculation occurring with 8 to 15

thrusts after vaginal penetration. One more recent

study suggested the following definition, the persis-

tent or recurrent inability to voluntarily delay ejacu-

lation upon or shortly after penetration or with mini-

mal sexual stimulation [79]. 

d) Orgasm

It is, at least in men, quite difficult to assess the pre-

valence of orgasmic dysfunction. The simple reason

being that, in contrast to many men with complete

spinal cord injury, some men may be unable to dis-

tinguish between ejaculation and orgasm. In the

USA 8% age independently reported that they had

been unable to achieve orgasm (cf table 5) during

the last year [15]. A much lower prevalence (<1%)

was reported in 55-57 year old Icelandic men [44] ;

while in France [42]. the (life-time) prevalence of

men’s orgasmic dysfunction was (7%).

e) Dyspareunia

The prevalence of genital pain in men during sexual

intercourse has only been fragmentarily studied

(table 5). In France [42] 5% of the adult male popu-

lation (of 18 to about 70 years) report that they at

least quite often suffer such pain. Clearly lower pre-

valence of 1% or less  has been found in Finland
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[32], Iceland [44], Sweden [43] and in the Nether-

lands [70]. With this low prevalence it is hardly sur-

prising that no age-dependency of men’s dyspareu-

nia has been found. 

The increasing awareness of sexual health as a com-

ponent of global health, not only in the general popu-

lation but among physicians as well, together with a

better understanding of the basis of human sexual

response, will trigger research, including epidemio-

logy, of facets of human sexuality distinct from ED.

It’s our hope that this chapter and book will assist to

a similar dramatic evidence-based change in the

knowledge of FSD and MSD (female and male

sexual dysfunction) as the knowledge expansion of

ED that we have witnessed.  

6. CONCURRENCE OF SEXUAL DYSFUNCTIONS

Both in the descriptive and analytical epidemiologi-

cal literature there is very little on simultaneous

occurrence of sexual dysfunctions within and across

genders. In French men, aged 18-69, it has been

reported that 7% of those with manifest ED also are

early ejaculators [80]. In an older sample (50-78 year

olds) from the Netherlands about 50% men with

early ejaculation also reported ED [70]. To which

extent this simply indicates that incapacity to main-

tain erection is a sequel to early ejaculation remains

to be analyzed. From France it has been reported that

37% of 18-70 year old men with ED have lost their

“libido” [81]. Recently it was found in Sweden that

within both genders (aged 18-74) nearly all own

sexual dysfunctions are closely associated (generally

at a p level of < 0.001)  [14]. The only exception is

that for the men early and delayed ejaculation quite

logically were not significantly correlated. Moreo-

ver, a high degree of cross-gender concurrence was

found. In fact, all women’s dysfunctions studied

were closely (p<0.005-0.001) coherent with all male

partners’ functions/dysfunctions as perceived by the

women. Men’s dysfunctions had precisely the same

close associations with men’s perception of their

female partner’s functions/dysfunctions. These fin-

dings firmly suggest that it is important to think in

terms of sexual partner relationship, none the least in

therapy - pharmacological or psychotherapeutic.

Laumann et al also examine the co-occurrence of

dysfunctions for the set of dysfunctions discussed in

the latent class analysis, but the actual percentages of

overlap are not given in the article [15].

7. SEXUAL DYSFUNCTIONS AND PERSONAL DIS-

TRESS

It is of paramount importance to know to which

extent sexual dysfunctions are accompanied by dis-

tress. Among women and men with manifest dys-

function per se generally less than half experience

that it is accompanied by manifest personal distress.

(Table 7). In fact 26% and 17% of women and men

reported at least one distressing self or partner’s

sexual disability.  However, among the manifestly

personally distressed, the vast majorities were not

satisfied with their sexual life.  This can be compa-

red with the sexual satisfaction rate of 55% in the

total population of 18-74 year olds [14].     

59

Table 7. Relationship Between Sexual Dysfunction, Personal Distress, and Sexual Satisfaction         

Manifest dysfunction Manifest dysfunction with  Sexually satisfied among 

– per se % manifest personal distress % those personally distressed %

Low Sexual interest (W) 33 14 13

Low Sexual interest (M) 16 6 13

Lubricative insuff. (W) 12 8 16

Erectile dysfunction(M) 5 3 25

Orgasmic dysfunction (W) 22 10 15

Early ejaculation (M) 9 4 35

Delayed ejaculation (M) 2 1 24

Dyspareunia (W) 6 9 18

Dyspareunia (M) 1 1 24

Vaginismus (W) 1 1 17



1. RISK FACTORS FOR WOMEN

In this part, we shall first address women’s sexuality

in relation to health issues.  Subsequently findings

relating social and demographic factors to sexual

function will be discussed.

When dealing with risk factors, co-morbidities and

socio-demographic items, descriptive epidemiology

gives best evidence.  However, analytical epidemio-

logy may be an adequate way to identify the relative

risk of sexual dysfunction caused by (sets of) medi-

cally or psychologically identified particular dia-

gnostic categories.  

Some years ago Goldstein et al stated that only limi-

ted published information is available concerning

risk factors for women’s sexual dysfunction  [82].

This claim is endorsed by the relatively few reliable

(according to the Oxford criteria) studies on risk fac-

tors, which we were able to locate through a series of

database searches.  Goldstein et al., moreover, poin-

ted to the need for more research concerning the rela-

tion of medications and comorbidities with women’s

sexual behavior.  

a) Health-Related Risk Factors

Simultaneously Laumann et al [15] and Fugl-Meyer

& Fugl-Meyer [43] reported that less than good heal-

th leads to greater risks of sexual disabilities concer-

ning desire/sexual interest and genital pain. Richters

et al [41] in their very large scale investigation

recently found that compared with women at excel-

lent health, those reporting good, fair or poor health

were more likely to have a sexual dysfunction. Signi-

ficant Odds ratios were 1.9, 3.1  and 5.7 for those

with good, fair or poor health, respectively.

b) Diabetes

Kadri et al [21] in their descriptive epidemiological

study of Moroccan women reported (univariate)

significant associations for diabetes with orgasmic

disability, dyspareunia and sexual aversion.  In a

well-controlled age matched analytical study Enzlin

et al reached the conclusion that sexual problems are

frequent in women with diabetes mellitus.  Among

the sexual function variables:  “libido”, lubrication,

orgasm and genital pain only decreased lubrication

was significantly (univariately) associated with

being diabetic [83].   However, women with “more”

complications reported significantly more sexual

disabilities.  

c) Cardio-vascular Diseases

In a large-scale, well-controlled analytical study

Duncan et al [84] reported that hypertension (univa-

riately) was associated with decreased lubricative

function and with orgasmic dysfunction.  Among all

the different aspects of women’s sexual function stu-

died by them, Dunn et al [58] found that medication

with antihypertensive drugs was a significant negati-

ve predictor (Odds ratios 0.3) of orgasmic function.

Moreover, Hanon et al [85] described that 41% of

treated hypertensive women (aged 58+12) experien-

ced decreased sexual interest during treatment.

d) Urinary Tract Diseases

Stress urinary incontinence has been found by

Osborn et al [40] to negatively influence all aspects

of women’s sexual function (sexual interest, desire,

arousal, lubrication, orgasm) and to be significantly

correlated with dyspareunia and vaginismus. In a

small scale, but analytical, investigation [86] urinary

stress incontinence was (univariately) significantly

associated with sexual interest, lubricative insuffi-

ciency, orgasmic disability and dyspareunia.  Along

these lines Laumann et al found that having urinary

tract symptoms were predictors of lubricational

insufficiency, orgasmic dysfunction, and  dyspareu-

nia while ever having had STD (sexually transmitted

diseases) was a negative predictor for sexual interest

and for lubricative function [15].

e) Psychiatric/psychological Factors

In women, a psychiatric disorder, according to

Osborn et al, [40] is closely associated with orgasmic

dysfunction and dyspareunia.  The same authors

found that degree of neuroticism (measured by the

Eysenk index [87] was significantly correlated with

dyspareunia and vaginismis.  In their descriptive epi-

demiological investigation, Dunn et al [58] demons-

trated significant likelihoods (odds ratios ranging

between 1.8 – 4.5) of depression and anxiety to pre-

dict all their investigated parameters:  arousal pro-

blems, insufficient lubrication, orgasmic dysfunction

and dyspareunia.  Moreover, by latent class analysis,

Laumann et al  [15] deducted that emotional pro-

blems or stress are sizeable predictors of low desire,

arousal disorder and sexual pain (all three defined

according to the DSM-IV). Clayton et al in a large

scale well-defined investigation of the effect of dif-

ferent “newer” antidepressants found that among

women and men on monotherapy, negative “changes

in sexual function” were significantly more likely to

occur (odds ratios 2.2-2.9) with SSRIs (selective

serotonin reuptake inhibitors) or venlafaxine than

V. ANALYTICAL EPIDEMIOLOGY
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with bupropion or netazodone [88].  Moreover, the

WHO collaboration center for international drug

monitoring has reported that out of a total of nearly

215,000 reported adverse effects of antidepressant

drugs during the period 1968-1997, 5000 were

sexual in nature [89].  Using the somewhat-outdated

response cycle phase definitions, about 1500 adverse

reactions were related to each of the “desire” and

“excitement phases”, while 200 occurred during the

“phase of orgasm”. The most typical female SSRI

adverse reaction was orgasmic dysfunction.

Although the sheer number of reports to the WHO is

great, these anecdotal reports cannot be taken as evi-

dence.

Besides these investigations we have been able to

locate no reliable, evidence-based investigations of

physical or mental health as risk factors for women’s

sexual functions.

f) Socio-demographic Risk Factors

Several newer epidemiological investigations have

addressed the impact of sexual abuse on women’s

sexual behavior and it has been clearly shown that

women’s current sexual life can be detrimentally

influenced by abuse [15, 58, 90]. Thus, having ever

been sexually forced by a man predicts (latent class)

low levels of desire and arousal disorder in American

women, for whom having ever been sexually haras-

sed predicted arousal disorder and sexual pain [15].

In Sweden, 12% of 18–74 year old women had at

some time of their life been sexually abused [90].

The abused women had a significantly higher num-

ber of sexual dysfunctions than had the non-abused

and nearly all different types of abuse were signifi-

cantly (univariately) associated with orgasmic dys-

function. Having been genitally abused was also

significantly associated with low level of sexual

interest. Satisfaction with sexual life was lower in

those who had been abused and, in particular, if abu-

sed more than once. Having been sexually abused

negatively influenced sexual interest in Moroccan

women [21].

Being single is (univariately) associated with dys-

functions of sexual interest, vaginal lubrication,

orgasm and with dyspareunia [43]. Low levels of

sexual interest, arousal, orgasm and also dyspareunia

are significantly most common in women with mari-

tal difficulties [40, 58].  In a large-scale-analytical

epidemiological investigation of a gynecological

sample, Raboch and Raboch reported that a number

of “intra-familiar” aspects of life (early loss of

mother and father, not having a happy childhood,

having 3 or more siblings or not having a happy mar-

riage) univariately were significant features of

women with orgasmic dysfunction, in particular if

the dysfunction caused personal distress [91].

In Morocco, relatively low education is common in

women with low level of sexual interest [21].  This is

also the case in the USA [15] and in eastern Europe

[91] for orgasmic dysfunction and, additionally, in

the USA for dyspareunia [15].  In the USA women

with more than 20% financial household decrease

during the last year prior to the investigation have

low level of interest and lubrication and also relati-

vely high prevalence of dyspareunia [15].

2. RISK FACTORS FOR MEN

a) Health Related Risk Factors

Less than good overall health is likely to concur with

men´s low level of sexual interest/desire and with

ED [15,43]. Furthermore, Laumann et al [15] identi-

fied a (significant) odds ratio of 2.4  for the likeli-

hood of poor to fair health being a predictor of early

ejaculation. Also  Richters et al [41] reported that

Australian men  who are  not at excellent or good

health are most likely to have a sexual dysfunction

(not further specified).

b) Smoking or Other Tobacco Use

Cigarette smoking is a known risk factor for many

health problems including cardiovascular disease,

diabetes and stroke [92-95]. Further, cigarette smok-

ing appears to deleteriously affect arterial endothe-

lium on a micro vascular level [96- 97]. It is logical

to assume that erectile function, a process which

relies on normal arterial vascular performance to

operate correctly, would be adversely affected by

cigarette smoking.  However, at the last consensus

meeting it was felt that the evidence-based research

which was available was not sufficient to allow a

link to be made between cigarette smoking and ED.

The present review encompasses the literature avai-

lable on Med Line from 2001 to the present.  Eight

published works were identified which met the crite-

ria for inclusion that were decided upon by the com-

mittee.  Three are literature reviews and these cumu-

latively cover the last two decades of research.

In the first literature review, McVary et al presented

the results of an exhaustive review of the literature

conducted by the Subcommittee on Smoking and ED

of the Socioeconomic Committee of the Sexual

Medical Society of North America [98]. These

authors found strong indirect evidence that smoking
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may affect erections. Their conclusions were:  “Avai-

lable evidence on the association of smoking with

ED is not complete insofar as association is likely

due to the consistency of the relationship of smoking

and endothelial disease, and the strength of the asso-

ciation of ED with other endothelial disease”.  

Tengs and Osgood performed a complete Meta ana-

lysis of available literature over the last 20 years by

searching MEDLINE to identify the prevalence of

smoking among impotent men [99].  These authors

reviewed over 1000 articles and identified 19 that

reported the smoking habits of 3819 men.  They

found that 16 of these articles, including the 6 largest

studies, found the prevalence of smoking to be

higher than in the general population.  Their meta-

analysis revealed that 40% of impotent men were

current smokers, which they compared to 28% of

men in the general population. These authors conclu-

ded that:  “Based on almost 2 decades of evidence,

tobacco use is an important risk factor for impoten-

ce.  Anti-tobacco advertisements featuring impoten-

ce as a reason to avoid or cease tobacco use are well

grounded in scientific fact”.

In a less comprehensive literature review, Nehra and

Kulaksizoglu focused on the global epidemiology of

ED [100].  These authors also found cigarette smo-

king to be correlated with ED.

The remaining 5 articles are population-based stu-

dies.  Three of these also found cigarette smoking to

be a risk factor for ED.  The remaining two did not

find this relationship to hold true.

Bortolotti et al reported on 9670 diabetic men who

were categorized as:  never smokers (30%), current

smokers (30%), or ex-smokers (40%) [101].  These

participants were randomly selected from 178 diffe-

rent diabetic centers in Italy.  The effect of age was

considered when the results were analyzed.  These

researchers found that current smokers had an odds

ratio of ED of 1.4 (95% confidence interval 1.3-1.6)

compared to never smokers and ex-smokers had an

odds ratio of 1.5 (95% confidence interval 1.3-1.6)

compared to never smokers.  The authors further

found that in ex-smokers, the risk of ED was inver-

sely related to the number of years since the patient

quit smoking.

Mirone et al performed a cross-sectional study on the

prevalence and risk factors for ED in the general

population in Italy [102].  This random sample inclu-

ded 2010 men from the practices of 143 general

practitioners.  The researchers found that current

smokers had an odds ratio of ED of 1.7 (95% confi-

dence interval 1.2-2.4) compared to never smokers.

Ex-smokers had an odds ratio of 1.6 (95% confiden-

ce interval 1.2-2.3).  The authors also found the asso-

ciation of smoking and ED risk to be present in men

without a history of any cardiovascular disease, car-

diopathy, hypertension diabetes and neuropathy.

Nicolosi et al studied the epidemiology of ED in four

countries [103].  The countries that were included in

the study were Brazil, Italy, Japan and Malaysia.

From each country, a random sample of approxima-

tely 600 men between the ages of 40 and 70 were

interviewed.  The authors found an odds ratio of ED

of 2.12 (95% confidence interval 1.26-3.56) in men

who smoke >30 cigarettes/day compared to men

who did not smoke.

On the other hand, Mak et al performed a popula-

tion-based study in Belgium [104].  These investiga-

tions interviewed a random sample of the population,

which included 799 men aged 40 – 70 years. They

did not find a correlation between smoking and ED,

either in current smokers or in ex-smokers.

Similarly, Morillo et al reported on the prevalence of

ED in Columbia, Ecuador and Venezuela [105].  This

study questioned 1946 randomly selected men aged

49 and older.  Using univariate analysis, the authors

did not find any association of cigarette smoking

with ED.

To summarize, these reports have investigated the

association between cigarette smoking and ED by

several different methods.  The three studies that

reviewed the literature presented a preponderance of

evidence to link these two entities.  The first three

randomized population based studies collectively

interviewed over 14,000 men and identified cigaret-

te smoking as a significant risk factor for ED.

Conversely, 2750 men were interviewed in the last

two studies that did not find this correlation.  

At the present time, after careful scrutiny against

specific selection criteria, it appears that the prepon-

derance of evidence available at this time would

identify cigarette smoking as an independent risk

factor for ED.  It is possible that this view may chan-

ge in the future as more evidence become available.

However, for the present, cigarette smoking should

be considered a risk factor for ED. We have, on the

other hand, not identified descriptive or analytical

literature which links smoking to other male sexual

dysfunctions or to any female sexual dysfunctions.

We, as clinicians, should use and expand this infor-

mation to enlighten our patients and to encourage

them to add ED to the long list of reasons why they

should strive to quit smoking.
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c) Hormonal or Endocrine

The effect of androgens on desire/interest and sexual

behavior is well established but few reports show

direct end organ, corpora cavernosa, dependency on

androgens, except the early growth and development

of the male reproductive tract [106-108]. Carani et al

did show increased rigidity as measured by rigi-scan

in eugonadal men treated with androgens but no

change in frequency of NPT associated events nor

duration of circumference change, suggesting an

enhancement of corpora cavernosal function in res-

ponse to androgens [109]. In a study by Becker et al,

[110] systemic and cavernous plasma levels of tes-

tosterone were found to be elevated during erection

and with flaccidity and detumescence states, caver-

nous levels were significantly lower than systemic

levels suggesting corporeal binding of testosterone

in the cavernous spaces.  

Primary or secondary hypogonadism is often asso-

ciated with erectile failure but not always. This may

be due to a low threshold of androgens necessary for

cavernosal tissue function, perhaps even at levels

that can be maintained by the adrenal androgens in

the face of lack of testicular androgens [111- 112].

Prolactin pituitary secreting tumors are associated

with low level of sexual interest/desire and erectile

dysfunction. Low levels of free and total testostero-

ne are usually seen with this condition [113]. Hor-

monal dependency for erection seems to vary for

erections produced by different situations, during

rapid eye movement sleep, with visual sex stimula-

tion, or fantasy or sexual situation induced erections.

[114-116]. Severe low levels are necessary to sup-

press sleep-related erections, with moderate low

levels affecting sexual situation with partner erec-

tions, and erections induced by visual sex stimula-

tion not showing much androgen dependency. An

article that demonstrates this last point and also the

variation in androgen dependency for different types

of erection was that by Greenstein et al in 1995

[117]. Four men, all who had surgical castration, of

sixteen who were surgically or medically castrate,

had erection produced by a visual sexually stimula-

ted film, and none were able to have erectile activity

in a partner sexually induced situation. These four

men had significantly, but yet still at castrate levels,

higher levels of testosterone than the men unable to

respond to the visual stimulation. Similarly Bancroft

and Wu have shown that androgen replacement in

hypogonadal men improved erectile response to fan-

tasy (as well as reported sexual acts per week at

home) but erections in response to erotic films were

not significantly different from normal controls

either before or after androgen treatment [118]. Ano-

ther study showed the futility of using testosterone

therapy in those patients with testosterone in the low

range of normal to improve erectile function and

suggests that testosterone has to be at extremely low

levels to effect sexually related erections or noctur-

nal sleep erections [119]. 

As far as epidemiological studies go, the MMAS

study constitutes the largest male endocrine database

available, by including reliable measurement of 17

hormones. Interestingly, testosterone (total, free, or

albumin bound) or dihydrotestosterone (DHT) levels

did not significantly correlate with erectile dysfunc-

tion. Of the 17 hormones measured, none, with the

exception of dehydroepiandrosterone sulfate

(DHEAS), correlated with erectile dysfunction.

DHEAS levels of 0.5 mgm/ml were associated with

a high probability of complete ED (16%) compared

to DHEAS levels of 5 and 10 mgm/ml (6.5% and

3.4% respectively) [23, 112]. However probabilities

of complete impotence increased as DHEAS levels

decreased while the overall and moderate ED proba-

bilities remained unchanged. Such patterns support

the hypothesis that minimally impotent men may

become completely impotent if their DHEAS levels

decrease from 10 to 0.5 mgm/ml level.  

d) Diabetes Mellitus

From the Netherlands, Enzlin et al [120] recently

reported that  men with complications of type I dia-

betes had significantly greater prevalence of

decreased desire than had those without complica-

tions. This was also the case for prevalence of  orgas-

mic dysfunction. However, diabetic men with sexual

dysfunction(s) were older and had a longer duration

of diabetes. Erectile dysfunction has been reported to

occur in at least 50% of men with diabetes mellitus

with the onset of ED occurring in an earlier age than

those without diabetes mellitus. [121-123].  Wein-

hardt and Carey in 1996 published a comprehensive

review of empirical literature, regarding the preva-

lence of ED among men with diabetes mellitus; they

suggest that 26-35% of diabetic men will develop

ED. They present an excellent discussion of the

methodological limitations of published research and

make suggestions for changes to produce more

reliable and useful information [124]. Also, the inci-

dence rate of erectile dysfunction is higher for each

decade of diabetic men compared to non-diabetics

[27]. Whitehead and Klyde reviewed a large amount

of the associations between ED and diabetes mellitus

in their literature review of 1990. [122]. Some of
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their observations are reported in Table 8. In the

MMAS study, the age-adjusted probability of com-

plete ED was three times higher in men who repor-

ted having treated diabetes mellitus than those

without diabetes [23].  Diabetes mellitus has also

been associated with retrograde and anejaculation

[77].

Since the last WHO consultation on erectile dys-

function [35], there have been a few surveys for erec-

tile dysfunction in patients seen in diabetic clinics

and in general populations. In a separate paper from

the Health Professionals Follow-up Study (HPFS)

included in the prevalence of ED table, Bacon et al

report on the association of type and duration of dia-

betes with ED in this large cohort of men [125].  Men

with diabetes had an age-adjusted relative risk of

1.32 (95% CI 1.3-1.4) for having ED compared to

men without diabetes. Men with type 2 diabetes had

an increasingly greater risk of  ED with increased

duration since diagnosis, particularly for men dia-

gnosed >20 years previously.  In 178 diabetic centers

in Italy, data was collected using interviews regar-

ding erectile dysfunction in 9,868 men [126]. The

patients ranged in age from 20 to 69 years. The pre-

valence of ED was 35.8% for the entire group, ran-

ging from 4.6% for men 20-29 years of age to 45.5%

for men 60-69 years of age. For men with insulin

dependent diabetes mellitus, diabetes present for

over ten years, with fair or poor control based on gly-

cosylated hemoglobin 7.5-9% and > 9% respective-

ly, those managed with agents other than diet control,

and history of diabetes mellitus-related arterial,

renal, or retinal disease and neuropathy and those

who were smokers, all showed a higher odds ratio

for ED. A subset of 1,010 of these men without ED

at baseline were followed prospectively for 2.8 years

to determine the incidence of ED associated with

diabetes [127]. The crude incidence rate was 68

cases per 1000 men years (95% CI 59-77). The inci-

dence of ED increased with increasing age, duration

of diabetes, and deteriorating metabolic control. The

rate was higher for type 2 than in type 1. The relati-

ve risk increased also with obliterative arterial disea-

se of the lower legs, ischemic heart disease, renal

disease, autonomic neuropathy, sensation and motor

neuropathy, and diabetic foot and retinal disease.

e) Cardiovascular Disease and Hypertension

Endothelial dysfunction is a condition present in

many cases of erectile dysfunction and thus there is

a common etiologic pathway for other vascular

disease states, such as cerebrovascular accidents,

myocardial infarction, heart disease, hypertension,

hyperlipidemia, low serum levels of high density

lipoproteins (HDL), arteriosclerosis, and peripheral

vascular disease and thus an association with these

other conditions is to be expected. Wabrek and Bur-

shell reported that 64% of 131 men, aged 31 to 86

years, hospitalized for acute myocardial infarction

were impotent [128]. Sjögren and Fugl-Meyer repor-

ted a 18% prevalence of ED in 49 men before expe-

riencing a myocardial infarction compared to a pre-

valence of 45% after the event, with a 43% new

onset or increase in ED in this group of men [129].

These authors also found that low level of sexual

desire increased after myocardial infarction from

14% to 35% and orgasmic problems from 4% to

25%. In fact, 21% reported anorgasmia after the

myocardial infarction. Treated heart disease (worse

in smokers), treated hypertension (again, worse in

smokers), and low serum levels of HDLs were signi-

ficantly correlated with impotence in the MMAS

report [23]. Values of HDL more than 90 mg/dL were

associated with no probability of complete ED and

conversely when the level of HDL dropped to 30

mg/dL the probability of complete ED was 16%.

Complete ED was present in 15% of men with trea-

ted hypertension and this incidence was associated

with the duration and severity of the hypertension in

the MMAS report, as well hypertension increasing

the age-adjusted incidence of  ED. Wei et al found

that a high level of total cholesterol and a low level
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Table 8.  Associations of Diabetes Mellitus (DM)  with

Erectile Dysfunction

- Erectile Dysfunction is usually present within 10 years

of diagnosis of DM

- Usually occurs at a younger age group in insulin depen-

dent DM

- ED may be first sign of DM in as high as 12 % of cases

in males

- Poorly controlled DM may produce a reversible tempo-

rary ED once controlled

- ED in almost all patients with DM related neuropathy

- DM macrovascular complications related to age of

patient

- DM microvascular complications related to duration of

DM and glycemic control

Whitehead and Klyde. Clin Geriatric Med 1990, 6:771-795.



of  HDL are important risk factors for ED[30]. In  an

analysis of  the two MMAS studies of 1987-89 and

1995-97, it is suggested that ED and coronary heart

disease share some behaviorally modifiable determi-

nants in men who are free of manifest ED or predis-

posing illness at baseline[130]. 

f) Urinary tract diseases 

Chronic renal failure is a risk factor for ED[131]. In

the USA general urinary tract symptoms predicted

ED (odds ratio: 3.1), but not other investigated para-

meters (desire, ejaculation) of male sexual function.

[15]. These findings principally agree with those of

Blanker et al from the Netherlands [70]. The latter

also, in their sample of 50-78 year old men identified

lower urinary tract symptoms (LUTS) as concurrent

with ejaculatory dysfunction – defined as no ejacula-

tion or significantly reduced ejaculatory volume -

The odds ratios for the likelihood of moderate and

severe LUTS as compared with no such symptoms

to concur with ejaculatory dysfunction being as high

as 3.8 and 7.8, respectively.

g) Other Chronic Diseases

Polyneuropathy, which commonly involves autono-

mous dysfunction is another source of sexual dys-

function, particularly ED and ejaculatory dysfunc-

tion [132]. Thus, Vardi et al reported a 38% coinci-

dence of polyneuropathy and ED in diabetics and a

10% coincidence of the two in non-diabetics [133].

Among other neurological conditions which may

lead to male sexual dysfunctions are Parkinson’s

disease. In these patients, decreased sexual desire

and ED are common for still unknown reasons. [134-

136].  However, treatment with dopaminergic sub-

stances have been observed to increase level of inter-

est/desire. Even the pathogenesis of the often repor-

ted ED is to date unclear. There is good clinical evi-

dence that other chronic neurological disorders may

affect sexual function. Thus, in seizure free periods,

epilepsy can be associated with reduced sexual inter-

est/desire and with ED. The same goes for the older

types of antiepileptic drugs [132]. In a review article

of genitourinary conditions associated with patients

with multiple sclerosis the incidence of ED was

reported to be 40-80%, usually occurring a half deca-

de to a decade after onset of the progressive disorder

[137]. In multiple sclerosis, ejaculatory dysfunction

may, according to clinical reports, prevail in about

50% as the disorder progresses [132]. Completed

stroke is a very highly prevalent condition in many

parts of the world. Somewhat perplexing there is not

either for this condition truly evidence-based analy-

tical literature at the Ib level. In the USA Monga et al

[138] in a retrospective study found a three fold

increased prevalence of low sexual desire after stro-

ke. Others have identified clearly smaller post-stroke

changes in sexual interest/desire [139-140]. In some

contrast there appears throughout the clinical litera-

ture to be consensus that between half and two thirds

of male stroke patients develop ED. Both early and

delayed ejaculation have been described to emerge

after stroke; but within a very wide latitude [138-

139]. To which extent the profound sexual dysfunc-

tions in these patients mainly are results of poor

coping or are mainly somatogenic still remains to be

elucidated. Erectile dysfunction occurs in 90% of

patients with multiple system atrophy, being the first

symptom in 37% of the cases [141]. Other diseases

and chronic disorders reported to have a risk for ED

include chronic obstructive lung disease[142], scle-

roderma [143], and Peyronie’s disease[144]. 

h) Surgery and Trauma

Spinal cord injury patients are obviously at an

increased risk for erectile and ejaculatory (anejacula-

tion) dysfunctions with central induced erectile acti-

vity possible in those with lower spinal cord injury

and reflexogenic erection possible in those with

upper cord injury. Besides leading to fertility pro-

blems (the incidence of male spinal cord injury peaks

at ages 15-30) these dysfunctions are among the

most pronounced problems for the future quality of

life in the quadriplegic or paraplegic men (for an

overview see [132]). There is – to some extent anec-

dotal – data showing that both men and women with

complete spinal cord injury rostrally to peripheral

genital innervation levels can experience orgasm eli-

cited by stimulation of non-genital body areas and

the majority of the men seem to have only minor

dysfunction, if at all, concerning sexual interest/desi-

re.  Perineal pressure associated with bicycling as an

association for ED lacks evidence- based support.

Surgery or trauma affecting any level of neurologic

control of erection or that interfering with the arterial

supply of the corpora cavernosal tissue are unques-

tionably risk factors for erectile dysfunction. DePal-

ma has reviewed the impact of vascular surgery on

ED[145]. 

From clinical experience, it is well established that

ED and anejaculation are common after prostatecto-

my. There is, however, astonishingly little epidemio-

logical data on this subject. Some four years ago

Stanford et al [146] reported  a high incidence (about

60%) of post radical prostatectomy ED; whether or

not the surgical intervention had been nerve-sparing.
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Other reports show higher retention of erectile acti-

vity after bilateral nerve sparing surgery in the youn-

ger male and in those with strong erectile activity

before the surgery [147-148]. Radiation therapy to

the pelvis also is a source of damage to nerves invol-

ved in erectile and ejaculatory functions [149], while

sexual functions remain stable after treatment for

benign prostatic hyperplasia [150]. 

i) Psychiatric/psychological risk factors

It is well established that disorders of the psyche may

concur with male sexual dysfunction. There is valid

epidemiological data on this subject. In the USA [15]

emotional problems or stress were significant predic-

tors of low level of desire (odds ratio 3.2), ED (odds

ratio 3.6) and early ejaculation (odds ratio 2.3). The

association of ED with depression is well established

[23]. Using the Hospital Anxiety and Depression

Scale (HAD)[151]. Dunn et al [58] found that anxie-

ty, but not depression, significantly predicted early

ejaculation. Supression and expression of anger indi-

cate higher probabilities of moderate and complete

ED[23]. Independently of medication, Araujo et al

[51]. demonstrated that depression is closely asso-

ciated (odds ratio 2.0) with ED and as discussed

elsewhere in this chapter many antidepressants may

lead to sexual dysfunctions. This is particularly true

for SSRIs, which are nowadays used for delaying

early ejaculation.

j) Socio-demographic risk factors

Having been sexually touched before puberty pre-

dicts lower level of interest/desire (odds ratio 2.2),

ED (odds ratio 3.1) and early ejaculation (odds ratio

1.8) [15]. Moreover, men who ever have forced a

woman sexually are more likely (odds ratio 3.5) to

have ED than are those who never have done so. Nei-

ther of these two descriptive investigations have

found ejaculatory disturbance correlates of sexual

abuse.  

Both in the USA [15] and in Sweden [43] partnerless

men are more likely to have low levels of sexual

interest/desire and of ED than are those who have a

steady partner relationship. In the USA relatively

low level of educational attainment is associated

with early ejaculation. [15] 

k) Medications and Recreational Drugs

Erectile dysfunction due to prescription medications

is sometimes difficult to prove and is probably often

under-reported. In the MMAS, a statistically signifi-

cant correlation between ED and vasodilators, anti-

hypertensives, cardiac and hypoglycemic agents was

noted [23] However when the second analysis of the

population was made in 1995-97, adjustments for

comorbidities and health behaviors attenuated some

medication associations with ED with only nonthia-

zide diuretics and bensodiazepines remaining statis-

tically significant for association with prevalent ED

[152]. Meinhardt and his co-authors have reviewed

the influence of medication on erectile dysfunction

in some detail [153]. Major classes of prescription

drugs commonly reported to be associated with ED

are histamine-2 receptor antagonists, hormones, anti-

cholinergics, psychotropics and certain cytotoxic

medications. Whether one type of anti-hypertensive

agent is less likely to be associated with ED than

another is difficult to pin down since the prevalence

of ED is often an association with the hypertension

condition as well. This debate is well discussed in

two articles [154-155]. In an experimental rodent

animal model of hypertension, data suggested that

renin-angiotension system inhibition by enalapril, an

angiotension converting enzyme inhibitor, may at

least partially normalize penile vascular structure

[156]. Calcium channel blockers and alpha adrener-

gic blocker theoretically may be the best alternatives,

along with the angio-tension converting enzyme

inhibitors, in attempting to reverse ED when asso-

ciated with other anti-hypertensive agents. Rosen

and others review sexual dysfunction problems with

the selective serotonin reuptake inhibitors (SSRIs)

[157]. Trazadone is one antidepressant that is unlike-

ly to be associated with ED and, in fact, has a risk of

associated priapism [153]. In general, it is suggested

that antipsychotics with strong alpha-I receptor affi-

nity properties be considered as substitutes for other

prescription psychotropic drugs associated with ED.

Life style related risk factors for ED include chronic

alcholism and chronic use of marijuana, codeine,

meperidine, methadone and heroin [121].  

l) The effects of modification of risk factors

Using data from the reassessment (1995-97) of a por-

tion of the population without ED at baseline in the

original MMAS study population (1987-89), an

attempt was made to assess the effect of modification

of certain risk factors associated with ED as decrea-

sing the incidence of ED in this population [158].

Other chronic disease states were not present in this

population at baseline, including men treated for

heart disease or diabetes, history of prostate cancer,

or those with incomplete data regarding chronic

disease risk factors. The results of this analysis

showed that a change in smoking status or change in

heavy alcohol consumption did not decrease the inci-
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dence of ED. The average age at baseline in this

population was 52 years of age and changes in tissue

may not have been possible to reverse once establi-

shed at this age. Men originally obese at baseline

seemed to have a higher incidence of ED regardless

of the follow-up status. Sedentary behavior status

was associated with developing ED with the highest

risk of dysfunction for those who had maintained a

sedentary life-style. The lowest level of risk for ED,

for all factors analyzed, was in those subjects who

initiated physical activity after qualifying as sedenta-

ry at baseline. Increasing physical activity, even in

these men in their 40’s and 50’s, is effective for

reversing other cardiovascular disease risk associa-

tions and this study seems to demonstrate a similar

benefit for decreasing the chance of developing ED.

Another lesson to be taken from this study is that

modifiable risk factors may require earlier interven-

tion than middle age. 

1. There is clearly a need to establish consistent

definitions for sexual dysfunctions that effect

men and women so that comparisons can be

made from one epidemiological study to another

on a world wide basis. This committee attempts

to describe per-se English definitions for each of

the sexual disorders.

2. For clinical applicability of the definitions, a

degree of distress or bother for the sufferer,

would aid greatly the interpretation of the data

collected and possible later communication of

that data.  

3. Dysfunctions should be further characterized as

to whether they are life-long or acquired and

whether they are global or situational.

4. Definitions gain applicability for comparative

studies by including the degree of dysfunction.

Such a classification should be internationally

accepted.

5. Evidence-based medicine was the standard that

this committee evaluated incidence, prevalence,

and risk factor articles. The details of this evalua-

tory standard are presented in the text.

6. There is a paucity of longitudinal reports in the

literature regarding all sexual dysfunctions,

including even ED, so incidence data are poorly

reported. The incidence rate for ED, which is best

backed by evidence-based reports, in two studies,

one from the United States and one from Europe

are about 25-30 cases per 1000 person years. This

rate was higher in a study from Brazil and the

rates increase markedly with each decade of age.

7. Prevalence rates for sexual dysfunctions are more

strongly supported by evidence-based reports and

are tabulated for the reader of this chapter in

Tables 4-6. There is a variance in the prevalence

rates reported because of different age groups

reported on, difference in definitions used to des-

cribe the dysfunction, how the data was collected,

how long the dysfunction was present, and the

degree of the dysfunction. Prevalence of sexual

dysfunctions, for the most part, increase as men

and women age. 

8. There are few studies that truly examine bother

for the person with the sexual dysfunction and

concurrence of sexual disorders for the couple.

9. There are common risk factor categories associa-

ted with sexual dysfunctions for men and women

and include the following : general health status

of the individual, the presence of diabetes melli-

tus, the presence of cardiovascular disease,

concurrence of other genitourinary disease, psy-

chiatric/psychological disorders, other chronic

diseases, and socio-demographic conditions. For

ED smoking and hormonal factors also serve as

well defined risk factor associated conditions.

There are also evidence-based literature for medi-

cation related associations for ED.

10. Modification of risk factors have been reported

essentially in only one longitudinal study and

other than increasing physical activity, other

modifications in life style do not seem to change

incidence data, at least in the male who starts to

be followed well into middle age, middle 50’s.

1. Uniform, universally acceptable definitions

that include degree of dysfunctions are neces-

sary to compare epidemiological studies across

the world. This committee suggests using the

definitions described in this chapter, particu-

larly the per se definitions for the sexual dys-

functions for men and women described

herein.

2. Definitions should not follow a sequential

concept in term of phases.

VII. RECOMMENDATIONS

VI. CONCLUSIONS
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3. A second set of definitions for each of the dys-

functions should include the elements of per-

sonal distress for better reporting of the effects

of these dysfunctions on the individual and the

relationship of that individual with others.

4. For clearer interpretation of data and applica-

tion to clinical situations, it is recommended

that definition include whether they are life-

long or acquired, whether they are global or

situational, and include some degree of the

dysfunction.

5. There is clearly a need for more longitudinal

studies for all of the dysfunctions in order to

obtain more accurate incidence data.

6. For prevalence data articles it is recommended

that guidelines be followed, such as those listed

in Table 1., so that literature can become more

evidenced-based.

7. Evidence-based criteria should be established

for evaluating risk factors for women and

men’s sexual dysfunctions. A good source of

this type of critical analysis is that provided in

reference 124 in this report, which describes

weaknesses in reports of the association bet-

ween diabetes mellitus and erectile dysfunc-

tion. 

1. SUMMERSKILL WSM. Hierarchy of evidence. In McGovern

DPB, Summerskill WSM, Valori RM, Levi M. Key Topics in

Evidence Based Medicine. Bios Scientific Publishers, Oxford,

pp 15-19, 2001.                

2.  PRINS J, BLANKER MH, BOHNEN AM, THOMAS S,

BOSCH JLHR. Prevalence of erectile dysfunction: A systematic

review of population based studies. Int J Impotence Res 14:422-

432, 2002.

3. WORLD HEALTH ORGANIZATION: ICD-10: International

Statistical Classification of  Diseases and Related Health Pro-

blems. World Health Organization. Geneva, 1992.

4. AMERICAN PSYCHIATRIC ASSOCIATION: DSM-IV: Dia-

gnostic and Statistical Manual of Mental Disorders, 4th ed.

Washington DC: American Psychiatric Press, 1994. 

5. MASTERS WH, JOHNSON VE: Human Sexual Response. Litt-

le Brown, 1966.

6. KAPLAN HS: Disorders of Sexual Desire. New York: Brun-

ner/Mazel, 1979.

7. BASSON, R, BERMAN J, BURNETT A, DEROGATIS L,

FERGUSON D, FOURCROY J, GOLDSTEIN I, GRAZIOT-

TIN A, HEIMAN J, LAAN E, LEIBLUM S, PADMAN-

NATHAN H, ROSEN R, SEGRAVES K, SEGRAVES RT,

SHABSIGH R, SIPSKI M, WAGNER G, WHIPPLE B: Report

of the international consensus development conference of fema-

le sexual dysfunction: Definitions and classifications. J Urol

163:888-893, 2000.

8. LIZZA EF, ROSEN RC: Definition and classification of erectile

dysfunction: Report of the nomenclature committee of the Inter-

national Society of Impotence Research. Int J Imp Res 11:141-

143, 1999.

9. TIEFER L: A new view of women’s sexual problems: Why new?

Why now? J Sex Res 38:89-96, 2001.

10 LEIBLUM SR: Critical overview of the new consensus-based

definitions and classification of female sexual dysfunction. J Sex

& Marital Ther 27:159-168, 2001.

11 BASSON R: Human sexual response cycles. J Sex & Marital

Ther 27:33-43, 2001.

12. BANCROFT J: The medicalization of female sexual dysfunc-

tion: The need for caution. Arch Sex Behav 31:451-455, 2002.

13 HARTMANN U, HEISER K, RÜFFER-HESSE C, KLOTH G:

Female sexual desire disorders: subtypes, classification. Perso-

nality factors and new directions for treatment. World J Urol

20:79-88, 2002.

14. FUGL-MEYER AR, FUGL-MEYER KS. Sexual disabilities are

not singularities. Int J Imp Res 14:487-493, 2002.

15. LAUMANN EO, PAIK A, ROSEN RC. Sexual dysfunction in

the United States:  Prevalence and predictors.  JAMA 281:537-

544, 1999.

16. BASSON R, LEIBLUM S, BROTTO L, DEROGATIS, FOUR-

CROY J, FUGL-MEYER K, GRAZIOTTIN A, HEIMAN J,

LAAN E, MESTON C, SCHOVER L, VAN LANKVELD J,

SCHULTZ WW. Definitons of women’s sexual dysfunction

reconsidered: Advocating expansion and revision. Journal Psy-

chosomatic Obstet Gyn, 24:221-230, 2003.

17. ROSEN RC, RILEY A, WAGNER G, OSTERLOH IH, KRK-

PATRICK J, MISHRA A: The international index of erectile

function (IIEF): A multidimensional scale for assessment of

erectile dysfunction. Urology 49:822-830, 1997.

18 ROSEN RC, BROWN C, HEIMAN J, LEIBLUM SR, MES-

TON C, SHABSIGH R, FERGUSON D, D’AGOSTINO R: The

female sexual function index (FSFI): A multidimensional self-

report instrument for the assessment of female sexual function. J

Sex Marital Ther 26:191-208, 2000.

19. VEENHOVEN R: Happy life-expectancy. A comprehensive

measure of quality-of-life in nations. Soc Indic Res 39:1-58,

1996.

20 WAGNER G, BÉJIN A, FUGL-MEYER AR, GLINA S, KIMO-

TO Y, LUKACS CSB, MULCAHY J, O’LEARY M: Symptom

score and quality of life. Pp 105-113 In: Erectile dysfunction

(eds. Jardin A, Wagner G, Khoury S, Giuliano F, Padman-

Nathan H, Rosen R. Health Publication - UK, 2000.

21 KADRI N, MCHICHI ALAMI KH, MCHAKRA T. Sexual dys-

function in women:  Population based epidemiological study.

Arch Womens Ment Health 5:59-63, 2002.

22 SMITH AMA, RISSEL CE, RICHTERS J, GRULICH AE, DE

VISSER RO. Sex in Australia: The methods and rationale of the

Australian study of health and relationships. ANZJP 27:106-117,

2003.

23 FELDMAN HA, GOLDSTEIN I, HATZICHRISTOU DG,

KRANE RJ, AND MCKINLAY JB. Impotence and its medical

and psychosocial correlates:  results of the Massachusetts Male

Aging Study.  J Urol 151:54-61, 1994.

24 ÖBERG K, FUGL-MEYER AR, SJÖGREN FUGL-MEYER K.

On categorization and classification. In press Int J Imp Res 2003.

25 DERBY CA, ARAUJO AB, JOHANNES CB, FELDMAN HA,

MCKINLAY JB. Measurement of erectile dysfunction in popu-

lation-based studies:  the use of a single question self-assessment

in the Massachusetts Male Aging Study.  Int J Impot Res 12:197-

204, 2000.

REFERENCES

68



26 O’LEARY MP, FOWLER FJ, LENDERKING WR, BARBER

B, SAGNIER PP, GUESS HA, BARRY MJ.   A brief male

sexual function inventory for urology. Urology 46:697-706,

1995.

27 JOHANNES CB, ARAUJO AB, FELDMAN HA, DERBY CA,

KLEINMAN KP, MCKINLAY JB. Incidence of erectile dys-

function in men 40 to 69 years old: Longitudinal results from the

Massachusetts Male Aging Study. J Urol 163: 460-463, 2000.

28 MOREIRA ED, LBO CF, DIAMENT A, NICOLOSI A AND

GLASSER DB: Incidence of erectile dysfunction in men 40 to

69 years old: results from a population-based cohort study in

Brazil. Urology 61: 431-6, 2003.

29 SCHOUTEN BWV, BOSCH JLHR, BERNSEN RMH, BLAN-

KER MH, THOMAS S, BOHNEN AM: Incidence of clinically

relevant erectile dysfunction (ED) and ED by two other common

definitions: Strong effect of definition and bias by duration of

follow-up. Submitted to BMJ.

30 WEI M, MACERA CA, DAVIS DR, HORNUNG CA, NANKIN

HR, BLAIR SN.  Total cholesterol and high density lipoprotein

cholesterol as important predictors for erectile dysfunction. Am

J Epidemiol 140:930-937, 1994.

31 KAYE JA AND JICK H: Incidence of erectile dysfunction and

characteristics of patients before and after the introduction of sil-

denafil in the United Kingdom: cross sectional study with com-

parison patients. BMJ. 326: 424-5, 2003.

32. KONTULA O, HAAVIO-MANNILA E: Sexual Pleasures.

Enhancement of Sex Life in Finland, 1971-1992. Dartmouth,

Aldershot, 1995 (ISBN 1.85521-628-0).

33. FUGL-MEYER KS: Sexual disabilities and sexual problems.

Pp 199-216. In Sex in Sweden, Swedish National Institute of

Health 17: pp. 199-216, 2000.

34. KLUSSMANN D: Sexual motivation and the duration of part-

nership. Arch Sex Behav 31:275-287, 2002.

35.  LEWIS R, HATZICHRISTOU D, LAUMANN E, MCKINLAY

J. Epidemiology and Natural History of Erectile Dysfunction;

Risk Factors Including Iatrogenic and Aging. In: Erectile Dys-

function.  Jardin A, Wagner G, Khoury S, Giuliano F, Padma-

Nathan H, Rosen R (Eds); Plymouth distributors Ltd, Plymouth

United Kindgom, pp. 21-51, 1999.  

36. SPECTOR IP, CAREY MP. Incidence and prevalence of the

sexual dysfunctions: A critical review of the empirical literature.

Arch Soc Behavior 19:389-407, 1990.

37. SIMONS JS AND CAREY MP. Prevalence of sexual dysfunc-

tion: results from decades of research. Arch Sex Behav 30:177-

219, 2001.

38. LEWIS RW. Epidemiology of erectile dysfunction. Urol Clin N

Am 28:209-216, 2001.

39. KUBIN M, WAGNER G, FUGL-MEYER AR.  Epidemiology

of erectile dysfunction. Int  J Imp Res 15: 63-71, 2003. 

40. OSBORN M, HAWTON K, GATH D. Sexual dysfunction

among middle-aged women in the community. BMJ 296:959-

962, 1988.

41. RICHTERS J, GRULICH AE, DE VISSER RO, SMITH AMA,

Rissel CE. Sex in Australia: Sexual difficulties in a representati-

ve sample of adults. ANZJPH 27:164-171, 2003.

42. GROUPE ACSF, EDS.  BAJOS N ET AL.  Comportements

sexuels et sida en France.  Les  Editions INSERM, 1998.

43. FUGL-MEYER AR, SJOGREN FUGL-MEYER K.  Sexual

disabilities, problems and satisfaction in 18-74 year old Swedes.

Scand J Sexol 2:79- 105, 1999.

44. LINDAL E, STEFANSSON JG. The lifetime prevalence of psy-

chosexual dysfunction among 55 to 57 year olds in Iceland.

Soc Psychiatry Epidemiol 28:91-95, 1993.

45. DUNN KM, CROFT PR, HACKETT GI. Sexual problems:  A

study of the prevalence and need for health care in the general

population.  Fam Pract 15:519-524, 1998. 

46. JOHANNES CB, AVIS NE. Gender differences in sexual acti-

vity among mid-aged adults in Massachusetts.  Maturitas

26:175-184, 1997.

47 BARLOW DH, CARDOZO LD, FRANCIS RM, GRIFFIN M,

HART DM, STEPHENS DW. Urogenital ageing and its effect

on sexual health in older British women.  Br J Obstet Gynaecol

104:87-91, 1997.

48. PANSER LA, RHODES T, GIRMAN CJ, GUESS HA, CHUTE

CG, OESTERLING JE, LIEBER MM, JACOBSEN SJ. Sexual

function of men ages 40 to 79 years: The Olmsted county study

of urinary symptoms and health status among men. J Am Geria-

tr Soc 43:1107-1111, 1995.                                                        

49. SOLSTAD K, HERTOFT P. Frequency of sexual problems and

sexual dysfunction in middle-aged Danish men.  Arch Sex

Behav 22:51-58, 1993.

50. SOLSTAD K, DAVIDSEN M. Sexual behavior and attitudes of

Danish middle-aged men – methodological considerations.

Maturitas 17:139-149, 1993.

51. ARAUJO AB, DURANTE R, FELDMAN HA, GOLDSTEIN I,

MCKINLAY JB.  The relationship between depressive symp-

toms and male erectile dysfunction:  cross-sectional results from

the Massachusetts male aging study.  Psychosom Med 60:458-

465, 1998.

52. KLEINMAN KP, FELDMAN HA, JOHANNES CB, MCKIN-

LAY JB.  A new surrogate variable for erectile dysfunction sta-

tus in the Massachusetts male again study.  J Clin Epidemiol

53:71-87, 2000. 

53. HELGASON AR, ADOLFSSON J, DICKMAN P, ARVER S,

FREDRICKSON M, GÖTHBERG M, STEINECK G.  Sexual

desire, erection, orgasm and ejaculatory functions and their

importance to elderly Swedish men:  A population-based study.

Age Ageing 25:285-291, 1996.

54. HELGASON AR, ADOLFSSON J, DICKMAN P, ARVER S,

FREDRICKSON M, STEINECK G.  Factors associated with

waning sexual function among elderly men and prostate cancer

patients.  J Urol 158:155-159, 1997.

55. MACFARLANE GJ, BOTTO H, SAGNIER PP, TEILLAC P,

RICHARD F, BOYLE P.  The relationship between sexual life

and urinary condition in the French community.  J Clin Epide-

miol 49:1171-1176, 1996.

56. FRANKEL SJ, DONOVAN JL, PETERS TI, ABRAMS P,

DABHOIWALA NF, OSAWA D, LIN ATL.  Sexual dysfunction

in men with lower urinary tract symptoms.  J Clin Epidemiol

51:677-685, 1998.

57. KOSKIMÄKI J, HAKAMA M,, HUHTALA H, TAMMELA TL.

Effect of erectile dysfunction on frequency of intercourse: a

population based prevalence study in Finland.  J Urol 164:367-

370, 2000.

58. DUNN KM, CROFT PR, HACKETT GI. Association of sexual

problems with social, psychological, and physical problems   in

men and women:  A cross sectional populations survey.  J Epi-

demiol Comm Health 53:144-148, 1999.

59. MASUMORI N, TSUKAMOTO T, KUMAMOTO Y, PANSER

LA, RHODES T, GIRMAN CJ, LIEBER MM, JACOBSEN SJ.

Decline of sexual function with age in Japanese men compared

with American men-results of two community-based studies.

Urology 54:335-344, 1999.

60. PINNOCK CB, STAPLETON AM, MARSHALL VR. Erectile

dysfunction in the community:  a prevalence study.  Med J Aust

171:353-357, 1999. 

61. PINNOCK C, MARSHALL VR.  Troublesome lower urinary

tract symptoms in the community:  a prevalence study.  Med J

Aust 167:72-75, 1997.

62. PARAZZINI F, FABRIS FM, BORTOLOTTI A, CALABRO A,

CHATENOUP L, COLLI E, LANDONI M, LAVEZZARI M,

69



TURCHI P, SESSA A, MIRONE V.  Frequency and determi-

nants of erectile dysfunction in Italy.  Eur Urol l37:43-49, 2000.

63. KONGKANAND A. Prevalence of erectile dysfunction in Thai-

land.  Thai Erectile Dysfunction Epidemiological Study Group.

Int J Androl 23:77-80, 2000.

64. ANSONG KS, LEWIS C, JENKINS P, BELL J.  Epidemiology

of erectile dysfunction:  a community-based study in rural New

York State.  Ann Epidemiol 10:293-296, 2000.

65. BRAUN M, WASSMER G, KLOTZ T, REIFENRATH B,

MATHERS M, ENGLEMANN U.  Epidemiology of erectile

dysfunction:  results of the ‘Cologne Male Survey’.  Int J Impot

Res 12:305-311, 2000.

66. MEULEMAN EF et al.  [Erectile dysfunction:  prevalence and

effect on the quality of life; Boxmeer study.]  Erectiestoornis:

prevalentie en invloed op de kwaliteit van leven; het Boxmee-

ronderzoek.  (In Dutch.) Ned Tijdschr Geneeskd 145:576-581,

2001.

67. BOYLE P , KEECH P, NONIS A, FOURCADE R, HOBBS R,

KIEMENEN LA, LEE C, MAIER W, WATSON M, BARRY M,

ROBERTSON C.  The UrE;iK Study:  a cross-sectional survey

of benign prostatic hyperplasia, urinary incontinence and male

erectile dysfunction, prostatitis and interstitial cystitis in the UK,

France, the Netherlands and Korea.  J Epidemiol Biostat 3:179-

187, 1998.

68. BLANKER MH, GROENVELD F, PRINS A, BERNSEN R,

BOHNEN AM, BOSCH R.  Strong effects of definition and non-

response bias on prevalence rates of clinical benign prostatic

byperplasia:  the Krimpen study of male urogenital tract pro-

blems and general health status.  BJU Int 85:665-671, 2000.

69. BLANKER MH, BOHNEN AM, GROENVELD F, BERNSEN

R, PRINS AD, THOMAS S, BOSCH R.  Correlates for erectile

and ejaculatory dysfunction in older Dutch men:  a community-

based study.  J Am Geriatr Soc 49:436-442, 2001.

70. BLANKER MH, BOSCH R, GROENEVELD F, BOHNEN AM,

PRINS AD, THOMAS S, HOP W.  Erectile and ejaculatory dys-

function in a community-based sample of men 50 to 78 years

old:  prevalence, concern, and relation to sexual activity.  Urolo-

gy 57:763-768, 2001.

71. MARTIN-MORALES A, SANCHEZ-CRUZ JJ, SAENZ DE

TEJADA I, RODRIGUEZ-VELA L, JIMENEZ-CRUZ JF,

BURGOS-RODRIGUEZ R.  Prevalence and independent risk

factors for erectile dysfunction in Spain:  results of the Epide-

miologia de la Disfuncion Erectil Masculina Study.  J Urol

166:569-574, 2001.

72. GREEN JS, HOLDEN S, INGRAM P, BOSE P, ST GEORGE

D, BOWSHER WG.  An investigation of erectile dysfunction in

Gwent, Wales.  BJU Int 88:551-553, 2001.

73. BACON CG, MITTLEMAN MA, KAWACHI I, GIOVAN-

NUCCI E, GLASSER D, RIMM EB. Sexual function in men

older than 50 years of age: results from the health professionals

follow-up study. Annals of Int Med 139:161-168, 2003. 

74. LAUMANN EO, NICOLOSI A, GLASSER DB, PAIK A, GIN-

GELL C, MOREIRA E, WANG T. Sexual problems among

women and men aged 40 to 80 years : prevalence and correlates

identified in the Global Study of Sexual Attitudes and Behavior,

Int J of Impotence Res, 2004. 

75. NICOLOSI A, LAUMANN EO, GLASSER DB, MOREIRA E,

PAIK A, GINGELL C. Sexual behavior and sexual problems

after the age of 40 : The Global Study of Sexual Attitudes and

Behavior. Int J for Impotence Res, 2004. 

76. WALDINGER MD. The neurobiological approach to premature

ejaculation.  J Urol 168: 2359-67, 2002.

77. MASTER VA AND TUREK PJ. Ejaculatory physiology and

dysfunction. Urol Clin N Am 28:363-375, 2001.

78. ELLIOT S. Orgasmic and ejaculatory problems in clinical prac-

tice. J Sex Reprod Med 12:69-?, 2002.

79. JANNINI EA. Disorders of ejaculation. J Endocrinol Invest

25:1006-1019, 2002.

80. BEJIN A: Epidémiologie de l’ejaculation prématurée et de son

cumul avec la dysfunction érectile. Andrologie 9:211-225, 1999

81. VIRAQ R, BECK-ARDILLY L: Nosologie, épidémiologie,

quantification clinique des dysfuncitons érectils. Rev Med  Inter-

ne 18(Suppl 1):10-13, 1997.

82. GOLDSTEIN I, GRAZIOTTIN A, HEIMAN JR, JOHANNES

C, LAAN E, LEVIN RL, MCKENNA KE. Female sexual dys-

function.  In:  Erectile dysfunction.  (Eds) Jardin A, Wagner G,

Khoury S, Giuliano F, Padman-Nathan H, Rosen R.  Plymouth

distributors Ltd., Plymouth, United Kingdom, pp.509-556, 1999. 

83. ENZLIN P, MATHIEU C, VAN DEN BRUEL A, BOSTEELSN

J, VANDERSCHUEREN D, DEMYTTENAERE K.  Sexual

dysfunction in women with type-1 diabetes.  Diabetes Care 25:

672-677, 2002.

84. DUNCAN LE, LEWIS C, SMITH CE, JENKINS P, NICHOLS

M, PEARSON TA. Sex, drugs and hypertension:  a methodolo-

gical approach for studying a sensitive subject.  Int J Imp Res 13:

31, 2001.

85. HANON O, MOUNIER-VEHIER CI, FAUVEL J-P, MAR-

QUAND A, JABOURECK O, JUSTIN E-P, KEARNEY-

SCHWARTZ A, GIRERD X. Troubles de la sexualité chez les

hypertendus traits.  Archives des maladies du caeur et des vais-

seauxn 95: 673-677, 2002.

86. BERGLUND AL, FUGL-MEYER KS. Some sexological cha-

racteristics of stress incontinent women.  Sand J Urol Nephrol 3-

:207-212, 1996.

87. EYSENK HJ, EYSENK SBG.  Manual of the Eysenk personali-

ty inventory.  University of London Press, London, 1964.

88. CLAYTON AH, PRADKO JF, CROFT HA, MONTANO CB,

LEADBETTER RA, BOLDEN-WATSON C, BASS KI,

DONAHUE MJ, JAMERSON BD, METZ A. Prevalence of

sexual dysfunction among newer antidepressants.  J Clin Psy-

chiatry 63: 357-366, 2002.

89. LUNDBERG PO, BIRIELL C: Sexual dysfunction as a suspec-

ted adverse reaction to antidepressant drugs. Scand J Sexol 1:97-

105, 1998.

90. ÖBERG K, FUGL-MEYER KS, FUGL-MEYER AR.  On

sexual well being in sexually abused Swedish women:  epide-

miological aspects.  Sex Relationship Ther 17: 329-341, 2002.

91. RABOCH J, RABOCH J. Infrequent orgasms in women.  J Sex

Marital Ther 18: 114-120, 1992.    

92. ELIASSON B. Cigarette smoking and diabetes.  Cardiovasc Dis

Mar-Apr; 45(5): 405-13, 2003.

93. BAZZANO LA, HE J, MUNTNER P, VUPPUTURI S, WHEL-

TON PK.  Relationship between cigarette smoking and novel

risk factors for cardiovascular disease in the United States.  Ann

Intern Med. 2003 Jun 3;138(11): 891-7. Summary for patients

in: Ann Intern Med. 2003 Jun 3;138(11):145.

94. YAMAGISHI K, ISO H, KITAMURA A, SANKAI T, TANI-

GAWA T, NAITO Y, SATO S, IMANO H, OHIRA T, SHIMA-

MOTO T.  Smoking raises the risk of total and ischemic strokes

in hypertensive men.  Hypertens Res. 2003 Mar;26(3): 209-17.

95. KURTH T, KASE CS, BERGER K, SCHAEFFNER ES,

BURING JE, GAZIANO JM.  Smoking and the risk of hemor-

rhagic stroke in men.  Stroke. 2003 May;34(5): 1151-5. Epub

2003 Mar 27.

96. IJZERMAN RG, SERNE EH, VAN WEISSENBRUCH MM,

DE JONGH RT, STEHOUWER CD.  Cigarette smoking is asso-

ciated with an acute impairment of microvascular function in

humans.  Clin Sci (Lond). 2003 Mar; 104(3):247-52.

97. PURANIK R AND CELERMAJER DS.  Smoking and endothe-

lial function.  Prog Cardiovasc Dis May-Jun; 45(6): 443-58,

2003.

70



98. MCVARY KT, CARRIER S, WESSELS H.  Smoking and erec-

tile dysfunction:  evidence based analysis.  J Urol Nov; 166(5):

1624-32, 2001.

99. TENGS TO AND OSGOOD ND.  The link between smoking

and impotence:  two decades of evidence.  Prevent Med 32: 447-

52, 2001.

100. NEHRA A AND KULAKSIZOGLU H. Global perspectives

and controversies in the epidemiology of male erectile dysfunc-

tion.  Cur Opin Urol 12: 493-95, 2002.

101. BORTOLOTTI A, FEDELE D, CHATENOUD L, COLLI E,

COSCELLI C, LANDONI M, LAVEZZARI M, SANTEUSA-

NIO F, PARAZZINI F.  Cigarette smoking:  a risk factor for

erectile dysfunction in diabetics.  Eur Urol. 2001

Oct;40(4):392-6; discussion 397.

102. MIRONE V, IMBIMBO C, BORTOLOTTI A, DI CINTIO E,

COLLI E, LANDONI M, LAVEZZARI M, PARAZZINI F.

Cigarette smoking as a risk factor for erectile dysfunction:

results from an Italian epidemiological study.  Eur Urol. 2002

Mar; 41(3): 294-7.

103. NICOLOSI A, MOREIRAED JR, SHIRAI M, TAMBI M,

GLASSER DB.  Epidemiology of erectile dysfunction in four

countries:  cross-national study of the prevalence and correlates

of erectile dysfunction.  Urology Jan; 61(1): 201-6, 2003.

104. MAK R, DE BACKER G, KORNITZER M, DE MEYER JM.

Prevalence and correlates of erectile dysfunction in a popula-

tion-based study in Belgium.  Eur Urol. 2002 Feb;41(2):132-8.

105. MORILLO LE, DIAZ J, ESTEVEZ E, COSTAA, MENDEZ H,

DAVILA H, MEDERO N, RODRIGUEZ N, CHAVES M,

VINUZZA R, ORTIZ JA, GLASSER DB  for the DENSA

Study Group.  Prevalence of erectile dysfunction in Columbia,

Ecuador and Venezuela:  a population-based study.  Int J Impot

Res 14, Supp 2: S10-S18, 2002.

106. MULLIGAN T AND SCHMITT B. Testosterone for erectile

failure. J Gen Intern Med 8:517-521, 1993. 

107. MORALES A. Androgens, sexual endocrinopathies and their

treatment. In: Erectile Dysfunction: Issues in Current Pharma-

cotherapy. London: Martin Dunitz, pp 141-155, 1998.

108. MILLS TM AND LEWIS RW. The role of androgens in the

erectile response: a 1999 perspective. Molecular Urol 3:75-80,

1999.

109. CARANI C, MARRAMA P, BANCROFT J. The effects of tes-

tosterone administration and visual erotic stimuli on nocturnal

penile tumescence in normal men.  Horm Behavior 24: 435-

441, 1990.

110. BECKER AJ, UCKERT S, STIEF CG, TRUSS MC, MACH-

TENS S, FRIEDMANN S, KNAPP WH, HARTMANN U,

JONAS U. Cavernous and systemic testosterone levels in diffe-

rent phases of human penile erection.  Urol 56: 125-129, 2000.

111. NICKEL JC, MORALES A, CONDRA M, FENEMORE J,

SURRIDGE DH. Endocrine dysfunction in impotence:  inci-

dence, significance and cost-effecting screening.  J Urol 132:

40-43, 1984.

112. GRAY A, FELDMAN HA, MCKINLEY JB, LONGCOPE C.

Age, disease and changing sex hormone levels in middle-aged

men:  Results of the Massachusetts Male Aging Study.  J Clin

Endo and Met 73: 1016-1105, 1991.

113. PRESCOTT RW, JOHNSTON DG, KENDALL-TAYLOR P,

CROMBIE A, HALL K, MCGREGOR A, HALL R. Hyperpro-

lactinemia and  impotence: response to bromocriptine therapy.

Lancet 1:245-248, 1982.

114. CARANI C, GRANTA AR, BANCROFT J, MARRAMA P.

The effects of testosterone replacement on nocturnal penile

tumescence and rigidity and erectile response to visual erotic

stimuli in hypogonadal men.  Pschoneuroendocrinol 20: 743-

753, 1995.

115. CARANI C, GRANATA AR, FUSTINI MF, MARRAMA P.

Prolactin and testosterone:  Their role in male sexual function.

Intro J Androl 19: 48-54, 1996.

116. GRANATA AR, ROCHIRA V, LERCHL A, MARRAMA P,

CARANI C.  Relationship between sleep-related erections and

testosterone levels in men.  J Androl 18: 522-527, 1997.  

117. GREENSTEIN A, PLYMATE SR, KATZ PG.  Visualization sti-

mulated erection in castrated men.  J Urol 153: 650-652, 1995.  

118. BANCROFT J AND WU FCW.  Change in erectile responsi-

veness during androgen replacement therapy.  Archives of

Sexual Behavior 12: 59-66, 1983.

119. BUENA F, PETERSON MA, SWERDLOFF RS, PANDIAN

MR, STEINER BS, GALMARINI M, LUTCHMANSINGH P,

BHASIN S.  Sexual function does not change when serum tes-

tosterone levels are pharmacologically varied within the normal

range.Fertil Steril  59: 1118-1123, 1993.

120. ENZLIN P, MATHIEU C, VAN DER BRUEL A, VANDER-

SCHUEREN D, DEMYTTENAERE K.  Prevalence and pre-

dictors of sexual dysfunction in patients with type 1 diabetes.

Diabetes Care 26: 409-414, 2003.

121. BENET AE AND MELMAN A.  The epidemiology of erectile

dysfunction.  Urol Clinic N Am 22: 699-709, 1995.

122. WHITEHEAD ED AND KLYDE BJ.  Diabetes-related impo-

tence in the elderly.  Clin Geriatric Med 6: 771-795, 1990.

123. HATZICHRISTOU DG, SEFTEL A, SAENZ DE TEJADA I.

Sexual dysfunction in diabetes and other autonomic neuropa-

thies. In:  Singer C and Weiner WJ (eds), Sexual Dysfunction:

A Neuro-Medical Approach.  Armonk:  Futura Publishing Com-

pany, pp.167-198, 1994.

124. WEINHARDT LS AND CAREY MP.  Prevalence of Erectile

Disorder Among Men with Diabetes Mellitus:  Comprehensive

Review, Methodological Critique, and Suggestions for Future

Research.  J Sex Res 33(3): 205-214, 1996.

125. BACON CA, HU FB, GIOVANNUCCI E, GLASSER DB,

MITTLEMAN MA, RIMM EB. Association of Type and Dura-

tion of Diabetes with Erectile Dysfunction in a Large Cohort of

Men. Diabetes Care 25(8): 1458-1463, 2002.

126. FEDELE D, COSCELLI C, SANTEUSANIO F, BORTOLOT-

TI A, CHATENOUD L, COLLI E, LANDONI M, PARAZZINI

F. Erectile Dysfunction in Diabetic Subjects in Italy.  Diabetes

Care 21:1973-1977, 1998.

127. FEDELE D, COSCELLID, CUCINOTTA D, FORTI G, SAN-

TEUSANIO G, VIAGGI S, FIORI G,VELONA T, LAVEZZA-

RI M, and the members of the DIADE Study Group. Incidence

of erectile dysfunction in Italian men with diabetes. J Urol

161:1368-1371, 2001.

128. WABREK AJ AND BURCHELL RC. Male sexual dysfunction

associated with coronary artery disease. Archives of Sexual

Behavior 9:69-75, 1990.

129. SJÖGREN K AND FUGL-MEYER AR. Some factors influen-

cing quality of sexual life after myocardial infarction.   Int

Rehabil Med 5:197-201

130. FELDMAN HA, JOHANNES CB, DERBY CA, KLEINMAN

KP, MOHR BA, ARAUJO AB, MCKINLAY JB. Erectile dys-

function  and coronary risk factors: prospective results from the

Massachusetts Male Aging Study. Preventive Med 30:328-338,

2000.

131. KAUFMAN JM, HATZICHRISTOU DG, MULHALL JP,

EITCH WP, GOLDSTEIN I. Impotence and chronic renal fai-

lure: a study of  the hemodynamic pathophysiology. J Urol

151:612-618, 1994.

132. LUNDBERG PO, BRACKETT NL, DENYS P, CHARTIER-

KASTLER E, SÖNSKEN J, VODUSEK DB. Neurological

disorders: erectile  and ejaculatory dysfunction. In: Erectile dys-

function. Eds. Jardin A, Wagner G, Khoury S, Giuliano F, Pad-

71



man-Nathan H, Rosen R. Health Publication, UK, pp. 591-649,

1999.

133.  VARDI Y, SPRECHER EK, KANTER Y, LIVNE PM, HEMLI

JA, YARNITSKY D. Polyneuropathy in impotence. Int J Imp

Res  8:65-68, 1996.

134. KAUFMAN JM, HATZICHRISTOU DG, MULHALL JP,

EITCH WP, GOLDSTEIN I130. KOLLER WC, VETERE-

OVERFIELD B, WILLIAMSON A, BUSENBARK K, NASH

J, PARRISH D. Sexual function in Parkinson’s disease. Clin

Neuropharmcol 13:461-463, 1990.

135. BROWN RG, JAHANSHASI WTJR, QUINN N, MARSDEN

CD. Sexual dysfunction in patients with Parkinson’s disease

and their partners. J Neurol Neurosurg Psych 53: 480-486,

1990.

136. LUNDBERG PO, ERTEKIN C, GHEZZI A, SWASH M,

VODUSEK D. Neurosexology. European Journal of Neurology

8 (Supl. 3) 2-2L4, 2001.

137. LITWILLER SE, FROHMAN EM, ZIMMERN PE. Multiple

sclerosis and the urologist. J Urol 161:743-757, 1999.

138. MONGA TN, LAWSON JS, INGLIS J. Sexual dysfunction in

stroke patients. Arch Phys Med Rehab 67:19-22, 1986.

139. SJÖGREN K, DAMBER JE, LILIEQUIST B. Sexuality after

stroke. Aspects of sexual function. Scand J Rehab Med 15:55-

61, 1983.

140. HAWTON K. Sexual adjustment of men who have had strokes.

J Psychosom Res 28:243-249, 1984.

141. BECK RO, BETTS CD, FOWLER CJ. Genitourinary dysfunc-

tion in multiple system atrophy: clinical features and  treatment

in 62 cases. J Urol 151:1336-1341, 1994.

142. FLETCHER EC AND MARTIN RJ. Sexual dysfunction and

erectile impotence in chronic obstructive pulmonary disease.

Chest 81:413-421, 1982.

143. NEHRA A, HALL SJ, BASILE G, BERTERO EB, WESTMO-

RELAND R, TOSELLI P, DE LAS MORENAS A, GOLD-

STEIN I. Systemic sclerosis and impotence: clinicopathological

correlation. J Urol 153;1140-1146, 1995.

144. PRYOR J. Peyronie’s disease and impotence. Acta Urol Belg

56:317-321, 1998.

145. DEPALMA RG. Vascular surgery for impotence:  A review. Int

J Impotence Res 9:61-66, 1997.

146. STANFORD JL, FENG Z, HAMILTON AS, GILLILAND FD,

STEPHENSON RA, ELEY JW, ALBERTSON PC, HARLAN

LC, POTOSKY AL.  Urinary and sexual function after radical

prostatectomy for clinically localized prostate cancer: the Pros-

tate Cancer Outcomes Study. JAMA 283:354-360, 2000.

147. CATALONA WJ, CARVALHAL GF, MAGER DE, SMITH

DS. Potency, continence and complication rates in 1,870 conse-

cutive  radical retropubic prostatectomies. J Urol 162:433-438,

1999.

148. RABBANI F, STAPLETON AMF, KATTAN W, WHEELER

TM, SCARDINO PT.  Factors predicting recovery of erections

after radical prostatectomy.  J Urol 164: 1929-1934,  December,

2000.

149. GOLDSTEIN I, FELDMAN MI, DECKERS PJ, BABAYAN

RK, KRANE RJ. Radiation-associated impotence: a clinical

study of its mechanism. JAMA 251:903-910, 1984.

150. LELIEFELD HHJ, STOEVELAAR HJ, MCDONNELL JM.

Sexual function before and after various treatments for sympto-

matic benign prostatic hyperplasia. BJU International 89:208-

213, 2002.

151. ZIGMOND AS, SNAITH RP. The hospital anxiety and depres-

sion scale. Acta Psychiatr Scand 67:361-370, 1983.

152. DERBY CA, BARBOUR, HUME AL, AND MCKINLAYU

JB. Drug therapy and prevalence of erectile dysfunction in the

Massachusetts Male Aging Study Cohort. Pharmacotherapy

21:676-683, 2001.

153. MEINHARDT W, KROPMAN RF, VERMEIJ P, LYCKLAMA

A, NIJEHOLT AAB, ZWARTENDIJK J. The influence of

medication on erectile function. Int J Impotence Res 9:17-26,

1997.

154. LUNDBERG PO AND BIRIELL C. Impotence- the drug risk

factor. Int J Impotence Res 5:237-239, 1993.

155. PRISANT LM, WEIR MR, FRISHMAN WH, NEUTAL JM,

DAVIDOV ME, LEWIN AJ. Self-reported sexual dysfunction

in men and women treated with bisprolol, hydochlorthiazide,

enalapril, amlodipine, placebo, or  bisporol/hydrochlorthiazide.

J Clin Hypertension 1:22-26, 1999.

156. HALE TM, OKABE H, HEATON JPW, ADAMS MA. Antihy-

pertensive drugs induce structural remodeling of the penile vas-

culature. J Urol 166:739-745, 2001.

157. ROSEN RC, LANE RM, MENZA M. Effects of SSRIs on

sexual function: a critical review. J Clin Psychopharm 19: 67–

84, 1999.

158. DERBY CA, MOHR B, GOLDSTEIN I, FELDMAN  HA,

JOHANNES CB, MCKINLAYJB. Modifiable risk factors and

erectile dysfunction: can life-style changes modify risk? Urol

56:302-6, 2000.

72



Committee 12B

Endocrine Aspects of

Female Sexual Dysfunction

Chairman

S.R. DAVIS (AUSTRALIA)

Members

A.T. GUAY (USA),

J.L. SHIFREN (USA), 

N.A. MAZER (USA), 

749

CHAPTER 20



1. ESTROGEN PHYSIOLOGY (LEVEL 3-4 

EVIDENCE)

2. PROGESTERONE PRODUCTION

3. TESTOSTERONE AND OTHER ANDROGENS

1. THE CENTRAL ROLE OF ESTROGENS IN

SEXUAL FUNCTION

2. CENTRAL EFFECTS OF PROGESTERONE

(LEVEL 5)

3. ADRENAL PRE-ANDROGENS (LEVEL 2B-4)

4. ROLE OF TESTOSTERONE IN HSDD

5. TIBOLONE AND HSDD (LEVEL 2-3)

6. RALOXIFENE (LEVEL 2-3)

7. OXYTOCIN AND SEXUAL BEHAVIOR

8. PROLACTIN (LEVEL 4-5)

9. GLUCOCORTICOSTEROIDS (LEVEL 5)

1. HISTORY AND EXAMINATION

2. LABORATORY ASSESSMENT

1. ESTROGEN THERAPIES

2. ESTROGEN-PROGESTIN COMBINATIONS

3. PROGESTIN-ONLY

4. TESTOSTERONE

5. ANDROGEN PRECURSORS

6. MISCELLANEOUS HORMONES

REFERENCE

VIII. RESEARCH AGENDA

VII. CONCLUSIONS AND

RECOMMENDATIONS

VI. HORMONAL THERAPIES FOR

THE TREATMENT OF SEXUAL PRO-

BLEMS IN WOMEN : INDICATIONS

FOR THEIR USE, EVIDENCE OF

EFFECTIVENESS, AND SAFETY

ISSUES

V. HORMONAL EVALUATION OF A

WOMAN PRESENTING WITH LOW

LIBIDO

IV. HORMONES AND DYSPAREUNIA

(LEVEL 1-2)

III. HORMONES AND SEXUAL

AROUSAL (LEVEL 2-3)

II. HORMONES AND HYPOACTIVE

SEXUAL DESIRE DISORDER (HSDD)

I. ENDOCRINE AND INTRACRINE

SOURCES OF SEX STEROIDS IN

WOMEN

INTRODUCTION

750

CONTENTS



Sexual activity in women involves interest and moti-

vation, ability to become aroused and achieve

orgasm, the pleasure of the experience and subse-

quent personal satisfaction. All components of the

female sexual experience are interdependent and

thus impairment of any specific aspect may affect

others. Sexual problems experienced by women are

generally divided into categories to assist with iden-

tification of the etiology and management as follows:

- Low interest or motivation to engage in sexual acti-

vity (libido), 

- Diminished capacity for vaginal lubrication and

arousal, 

- Difficulty achieving/or absent orgasm, and/or 

- Painful intercourse (dyspareunia).

Usually in the context of a sexual relationship these

problems are associated with a decrease in the fre-

quency and pleasure of sexual activity and can beco-

me a source of tension and distress for the individual

and her partner.

The endogenous hormones that potentially influence

female sexuality include estrogens, androgens, pro-

gesterone, prolactin, oxytocin, and glucocorticoste-

roids. These each interact with numerous neuroche-

micals within the central and peripheral nervous sys-

tem. The latter include serotonin, catecholamines,

dopamine, other neurotransmitters and other hor-

mones. The factors that determine the outcome of

these complex interactions include the absolute

levels of each hormone, their absolute receptor

content, the presence and levels of specific co-acti-

vator and co-repressor proteins that modify the trans-

criptional response and the up or down regulation of

receptor levels by other hormones. Hormones also

influence vascular function by both endothelium-

dependent and independent mechanisms [1], and

thus have a vital role in maintenance of the health of

the female genital tract as well as in arousal and

orgasm. Research into the specific effects of hor-

mones in female sexual function has relied greatly on

in vitro and in vivo animal models, with few publi-

shed randomized placebo controlled trials (RPCT),

or level 2 evidence, and insufficient data for a meta-

analysis of RPCT to provide level 1 evidence at this

time.

1. ESTROGEN PHYSIOLOGY (LEVEL 3-4 

EVIDENCE)

Throughout the reproductive years the ovaries are a

primary source of estradiol for action on peripheral

target tissues under the control of FSH and inhibin.

Androgens are obligatory precursors in the biosyn-

thesis of estrogens. Thus, estrone is formed by the

aromatization of androstenedione and estradiol by

the aromatization of testosterone.

However synthesis of estrogens from adrenal and

ovarian androgen precursors within extragonadal

compartments occurs throughout reproductive life

and takes on even greater significance following

menopause [2]. In postmenopausal women the most

abundant estrogen in the circulation is estrone sulfa-

te, levels of which have been measured at ten to

twenty-five times greater than levels of estrone and

estradiol [3]. Estrone sulfate has a long plasma half-

life and slow clearance rate and thus acts as a reser-

voir for the formation of estradiol and estrone in tar-

get tissues, such as the breast where it is readily
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converted to estradiol by the sulfatase enzyme [4]. In

their unsulfated forms estradiol and estrone are part-

ly bound to SHBG and variations in the plasma level

of SHBG impact significantly on the amount of free,

or bioavailable estradiol to a greater extent than

estrone as well as on bioavailable T [5]. Orally admi-

nistered estrogen therapy also increases SHBG to a

greater extent than parenterally administered estro-

gens [6, 7] and this may result in a clinically signifi-

cant reduction in the percentage of non SHBG bound

testosterone. 

2. PROGESTERONE PRODUCTION

The cyclical production of progesterone by the ovary

is lost after menopause, however progesterone, and

its metabolites can still be detected in the serum and

found within regions of the brain in postmenopausal

women [8]. For both pre and postmenopausal

women serum progesterone concentrations were

significantly correlated with brain tissue concentra-

tions suggesting that serum levels are a primary sour-

ce for brain uptake [8, 9] although progesterone can

also be synthesized within the brain [10].

3. TESTOSTERONE AND OTHER ANDROGENS

a) Androgen Production (Level 3-4)

The term 'androgens' refers to a group of 19-carbon

steroid hormones which are associated with male-

ness and the induction of male secondary sexual cha-

racteristics. In women, androgens circulate in the

concentration range nanomolar to micromolar, in

contrast with the estrogens whose circulating

concentrations are in the picomolar range. In descen-

ding order of their serum concentrations, the major

androgens found in women include dehydroepian-

drosterone sulphate (DHEAS), DHEA, androstene-

dione (A'dione), testosterone (T) and dihydrotestos-

terone (DHT). Giving T a reference potency of 100,

the relative androgenic activities of the other mem-

bers of the class are DHT, 300, A, 10 and DHEA and

DHEAS, 5. Biosynthesis of the androgens takes

place both in the adrenal and in the ovary and is

modulated by two cytochrome P450 enzymes, P450

Scc which catalyses cholesterol side-chain cleavage

and P450 C17 which catalyses 17-hydroxylation and

17-20 bond cleavage (17/20 lyase), which is required

for the production of DHEA and A'dione from pre-

gnenolone and progesterone respectively. The fur-

ther metabolism of androgens involves other impor-

tant enzymes including 3β-hydroxy steroid dehydro-

genase (3β HSD), catalysing the conversion of pre-

gnenolone to progesterone and DHEA to A'dione,

and 17β-hydroxy steroid hydrogenase (17β-HSD),

which catalyses the conversion of A to testosterone.

DHEA secretion is acutely stimulated by adrenocor-

ticotropic hormone (ACTH) [11, 12] however

DHEA-S, which has a long plasma half-life, may not

acutely increase following ACTH administration

[13]. Adrenal androgen and cortisol production are

not always linked. Circulating adrenal androgen

levels have been observed to be normal or suppres-

sed in acute stress [14], severe systemic illness [15],

anorexia nervosa [16] and Cushing's syndrome [17]

which are otherwise characterized by elevated corti-

sol levels. Increased adrenal androgen production

may also be seen in association with hyperprolacti-

nemia [12] although the majority of patients with this

disorder have normal androgen levels. 

b) Metabolism and action of androgens

Traditionally hormonal action has been understood

as endocrine and paracrine and measurement of cir-

culating hormone levels has been used as a determi-

nant of tissue exposure. However more recently the

complexity of steroid action has been appreciated

[18]. LABRIE et al., have addressed the issue of hor-

mone intracrinology and produced the definition :

“Intracrine activity describes the formation of active

hormones that exert their action in the same cells in

which synthesis took place without release into the

pericellular compartment” [19]. Specifically in terms

of tissue exposure to androgens, the precursor hor-

mones of adrenal and ovarian origin, A'dione and

DHEA, and DHEAS from the adrenals, can be

converted in extra-gonadal target tissues such as the

brain, bone, adipose either by aromatization to estro-

ne, or by 5α- reduction to testosterone, with the lat-

ter being converted to either estradiol or DHT in the

same cells [19, 20]. Thus tissue sensitivity to andro-

gens will vary according to the amount and activity

of the enzymes 5α- reductase and aromatase which

may vary considerably between individuals. The AR

also differs between individuals, with the most

researched aspect being differing numbers of CAG

repeats resulting in considerable inter-individual dif-

ferences in AR length. This and other differences in

the AR may result in variability in end organ respon-

se to absolute circulating levels of androgens. This is

an area of androgen physiology that requires further

investigation. Thus even with highly sensitive assays

for total and free T, measurement of testosterone will

provide only an indication of androgen deficiency or

excess, but not an absolute measure of tissue expo-

sure or tissue sensitivity and resposiveness, and the
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clinical features will be the mainstay of diagnosis.

This unfortunately is a limitation to much of the data

pertaining to sex steroids and female sexual function. 

c) Importance of sex hormone binding globulin

(SHBG)

SHBG is a pivotal determinant of the bioavailability

of sex steroids and variations in the plasma levels of

SHBG impact significantly on the amount of free, or

bioavailable testosterone and other bound sex ste-

roids [5]. In normal reproductive aged women 82%

of the binding sites of SHBG are unoccupied. For the

occupied binding sites, androstendiol (5.1%) is the

major SHBG ligand followed by DHEA (3.6%), tes-

tosterone (2.3%), cortisol (2%) cortisone (1.9%),

DHT (1.4%) and androstenedione (1.0%). Converse-

ly, the binding affinity for steroids bound by SHBG

is DHT> testosterone > androstenediol > estradiol >

estrone. SHBG also weakly binds DHEA, but not

DHEA-S [5]. Under normal physiological conditions

in women only 1 to 2% of total circulating testoste-

rone is free or biologically available. The rest is

bound by SHBG (66%) and albumin (30%) [5]. Ele-

vations in estradiol (as occurs during pregnancy),

hyperthyroidism and liver disease cause a marked

increase in SHBG levels, whereas hypothyroidism,

obesity, and hyper-insulinemia are associated with

decreased SHBG levels. In addition oral administra-

tion of steroid hormones and their analogues can

markedly alter SHBG levels whereas parenteral

administration of these compounds typically has a

much weaker influence. Standard doses of oral estro-

gen as used in hormone therapy (HT) will increase

SHBG with little or no effect seen with standard

estradiol patch therapy. However when very high

levels of estradiol are achieved for several weeks to

months with parenteral therapy (as seen with estra-

diol implants) SHBG will increase (S Davis, Austra-

lia, Clinical observation in women treated with estra-

diol implants). SHBG also increases markedly from

baseline with the new contraceptive patch delivering

norelgestromin and ethinyl estradiol (Ortho-McNeil

Pharmaceutical, Inc.; data on file).

The plasma free testosterone concentration in

women is determined by the testosterone production

rate, the metabolic clearance rate (MCR), and the

SHBG level (which influences the free fraction of

testosterone). Elevated androgen production rates in

obese eumenorrheic women have been associated

with 2to 3-fold increases in MCRs, presumably due

to decreased levels of SHBG [21]. However, in hir-

sute women increased production rates are associa-

ted with elevated plasma androgens as well as

increased MCRs [21]. BIRD et al reported that estro-

gen treatment reduces the MCR of testosterone [22].

Taken together, lower SHBG levels enable increased

clearance of testosterone, whereas higher SHBG

levels are associated with a decrease in clearance.

When exogenous testosterone is administered the

rise in concentration of total testosterone will greatly

depend upon SHBG concentration. Thus women

with high SHBG will have a marked increase in total

testosterone whereas women with low SHBG will

have  little change in their total testosterone level

with exogenous therapy. As total testosterone is a

poor indicator of androgen exposure, following tes-

tosterone therapy, the concentration of free testoste-

rone or non-SHBG-bound testosterone, so called

bioavailable testosterone, should be measured. Such

assays may not always be reliable or available (see

below, section 6.2).

As SHBG levels may fall somewhat with increased

circulating testosterone, baseline SHBG may be a

useful predictor of risk of excess androgenization

with testosterone treatment, and should be measured

in all women prior to such therapy. RANNEVIK and

BURGER both showed a clear-cut fall in SHBG

concentration related to the menopause, while Ban-

croft showed no significant change in SHBG levels

in comparing pre-, peri-, and postmenopausal

women [23-25]. GUAY et al and DAVIS et al. found no

difference in SHBG levels in premenopausal

women, 20-49 years old by decade [26, 27].

d) Androgen physiology (Level 2-4 data from obser-

vational studies)

In humans, androgens produced by the adrenal

glands and ovaries are obligatory precursors for the

biosynthesis of estrogens by the aromatase cytochro-

me P450 enzyme (P450arom, the product of the

CYP19 gene). Phylogenetic analysis of steroid

receptors in lower vertebrates indicates that the first

steroid receptor was an estrogen receptor (ER), fol-

lowed by a progesterone receptor (PR) [28]. Specific

regulation of physiological processes by androgens

and corticoids are relatively recent innovations that

emerged after these duplications [28]. Thus the role

of androgens was initially solely as precursors for the

estrogenic steroids and the specific physiological

roles for these hormones only emerged later. 

Androgen production in women during the young

reproductive years has been reviewed in detail

elsewhere [29]. In premenopausal women with regu-

lar menstrual cycles, there is a rise in testosterone

and A'dione in the late follicular phase of the mens-
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trual cycle and in the luteal phase [30, 31]. There is

also a diurnal variation in testosterone in women

with the peak in the morning [32]. In contrast to the

negative feedback loop that controls ovarian estro-

gen production involving inhibin and follicle stimu-

lating hormone (FSH), no feedback loop has been

identified for the control of androgen production in

women. 

The levels of the pre-androgens, DHEAS and DHEA

fall with increasing age although the numbers of sub-

jects in this study per decade were very small [20].

This may contribute significantly to the decline in

total and free testosterone level with age as DHEAS

serves as a pre-hormone for about half of ovarian tes-

tosterone production [33]. There may be a transient

rise in DHEA-S levels around the time of the meno-

pausal transition, however, the clinical significance

of this is not known [34].

ZUMOFF et al showed lower mean 24 hour values for

total and calculated free testosterone amongst older

versus younger reproductive aged women (n=33

women). Most recently a study of 149 healthy pre-

menopausal women with regular cycles, no exoge-

nous hormone therapy and no complaint of low libi-

do showed a statistically significant decline with age

for each of free testosterone, DHEAS, androstene-

dione and DHT measured after organic solvent extra-

ction by validated methodology [27]. In the late

reproductive years there is failure of the midcycle

rise in free testosterone which characterizes the

menstrual cycle in young ovulating women [35].

This occurs despite preservation of normal free tes-

tosterone levels at other phases of the cycle. The

mean plasma concentrations of testosterone in

women transitioning through the menopause are also

significantly lower than younger ovulating women

sampled in the early follicular phase [36]. Acutely,

across the perimenopausal period, neither A'dione,

DHT or the ratio of total testosterone to SHBG (the

free androgen index) appear to change [24, 36].

There is considerable controversy as to whether the

postmenopausal ovary is a significant source of

androgen production. Concentrations of testosterone

in the ovarian vein of post-menopausal women have

been shown to be higher than those in systemic

venous blood, suggesting that the postmenopausal

ovary continues to be an androgen secreting organ

[31]. In addition, testosterone levels decrease in post-

menopausal women following oophorectomy [37].

Couzinet, et al have proposed that the postmenopau-

sal ovary is not a major source of androgens [38].

This group found low levels of total and bioavailable

testosterone in postmenopausal women with intact

ovaries (n=15) that were not different from oopho-

rectomized postmenopausal women (n=15). Similar-

ly DAVIS et al have reported no difference in levels of

total and free testosterone, DHEAS, DHT, A'dione

and SHBG for 309 surgically menopausal women

with low libido on HT versus naturally menopausal

controls with normal libido also on HT [27]. Immu-

nocytochemistry of the ovarian tissue of women with

adrenal insufficiency did not detect significant quan-

tities of steroidogenic enzymes [38]. Human chorio-

nic gonadotrphin stimulation produced no changes in

androgen levels in women with adrenal insufficiency

[38], a fact that was also shown earlier by VERMEU-

LEN, who studied the effects of HCG stimulation of

postmenopausal women (4 to 10 years into meno-

pause) [39]. Consistent with this DHEAS has been

shown to serve as a pre-hormone for about half of

ovarian testosterone production [33]. Some post-

menopausal women have elevated ovarian androgen

production - hyperthecosis, a well-established but

poorly studied entity. The androgen production of the

postmenopausal ovary is variable. This variability

needs better study along with associated factors.

As sexuality is multifactorial and mechanistic stu-

dies in humans cannot clearly elucidate the role of

hormones in sexual function, other models have been

employed. Rodent models of sexually receptive

behaviors have been used to gain insight into some

of the actions of sex steroids. There is however no

animal model for female arousal or orgasm, and the

influence of cognitive factors, including fantasy can-

not be studied in animals. Vaginal plethysmography

has been used in human studies, however the corre-

lation between blood flow measures and verbal

reports of arousal is poor [40-42]. A few RPCTs have

now been completed that demonstrate the effects of

hormone therapy, however from among these,  inves-

tigations on the effects of endogenous hormones, or

the clinical consequences of low hormone levels is

only implied.

1. THE CENTRAL ROLE OF ESTROGENS IN

SEXUAL FUNCTION

Low estrogen levels as a consequence of sponta-

neous or surgical menopause may result in generali-

sed physical symptoms, and symptoms that are a

II. HORMONES AND HYPOACTIVE

SEXUAL DESIRE DISORDER (HSDD)
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consequence of central nervous system effects. The

latter includes effects on cognition, mood, and moti-

vation, and specific effects on sexual behaviour and

sexual responsivity. 

Estradiol and testosterone are both present in the

human female brain, with highest concentrations of

estradiol measured in the hypothalamus and the

preoptic area, and of testosterone, in the substantia

nigra, hypothalamus and the preoptic area [43]. The

concentration of testosterone is several-fold higher

than estradiol in each of these regions, with the

highest ratio of testosterone to estradiol demonstra-

ted in the hypothalamus and preoptic area. This dis-

tribution corresponds with high aromatase activity

found in these regions in animals [44]. It is biologi-

cally plausible that within these regions testosterone

is aromatized to estradiol resulting in high estradiol

concentrations that then modify sexual behaviour.

This would be consistent with extremely high circu-

lating estradiol levels resulting in increased central

estradiol levels and thus enhancing sexual behavior,

whereas no effect is seen with standard dose estrogen

therapy. Rodent models further support this hypothe-

sis as described below.

a) Animal studies of hormones and female sexual

function (Level 5)

Both estrogen receptors (ERα andβ) are expressed in

the primate brain [45]. Estrogen exhibits widespread

actions throughout the brain, both via its receptors,

and nongenomically, with interactions with many

neurotransmitter systems including catacholaminer-

gic, serotoninergic, cholinergic and g-aminobutyric

acidergic systems [46, 47]. Oophorectomized rats

and mice exhibit no lordotic behavior, but they have

no estrogens or androgens because their adrenals do

not make C19 steroids. Estrogen therapy alone has

little or no effect on restoration of lordosis in oopho-

rectomized mice however following estrogen pri-

ming, progesterone restores lordosis [48]. Progeste-

rone alone also does not restore sexually receptive

behavior [48]. Microinjection of sodium nitroprussi-

de, which spontaneously releases nitric oxide, direct-

ly into the third ventricle of estrogen primed oopho-

rectomized rats facilitates lordosis in the absence of

progesterone [49].

To further investigate the possible role of each of the

ERs and estrogen action in sexual behaviors, mice in

which each or both ERs have been knocked out, or in

which the aromatase enzyme has been mutated (aro-

matase knock out [ArKO]) have been studied. In

each of these models serum testosterone is normal or

elevated. Behavioral changes that have been evalua-

ted have included female sexual receptivity (lordosis

posturing), aggression and pup caring behavior.

Mice in which the ERα has been knocked out

(ERKO mice) exhibit no lordosis behavior, reduced

pup caring and increased aggression [50]. In contrast

the mice in which the ERβ receptor has been knoc-

ked out (BERKO mice) exhibit normal sexual func-

tion [50]. In female ArKO mice, which are comple-

tely estrogen deficient, there is marked loss of lordo-

sis [51]. Residual lordotic behavior in the ArKO

mice indicates that neuronal pathways may be acti-

vated in a ligand-independent manner by the intact

ER. When both ER α and β are knocked out there is

complete loss of sexual function in the animals des-

pite the presence of normal testosterone levels [50].

Taken together, this data indicates that in the mouse

model, ERα is crucial for lordotic behavior. Thus it

appears that despite lack of a relationship between

circulating estradiol levels and sexual parameters,

estradiol and the ER5 have an essential role in the

neurobiology on sexual behavior in animal models. 

In addition to exerting actions via its own receptor,

estradiol influences other neuronal pathways related

to sexual function. For example, estradiol increases

the expression of the α1 norepinephrine (NE) recep-

tor and this enhances sexually receptive behavior

(lordosis) in female rodents. In contrast the α2 and β
NE receptors inhibit the lordosis response. Estradiol

promotes stable phosphorylation of the α2 and β NE

receptors and this results inability of these receptors

to inhibit reproductive behavior [52].

b) Clinical studies of estrogen and sexual function

in women (Level 2b-4)

In a cross sectional study of 141 women aged 40 to

60 years, no hormonal measures significantly predic-

ted aspects of sexuality. The most important predic-

tors were other aspects of the sexual relationship,

sexual attitudes and measures of well-being [53]. In

a well designed, population-based, longitudinal

study of women's sexual functioning in midlife, 438

Australian women were studied for 8 years across

the menopausal transition. Menstrual histories and

laboratory data allowed the investigators to differen-

tiate between changes due to aging versus menopau-

se [54]. Sexual responsivity was adversely affected

by both aging and the menopausal transition, but all

other aspects of sexual function, including frequency

and libido, were adversely affected by becoming

postmenopausal. In passing from the early to the late

menopausal transition, the percentage of women

with sexual dysfunction, assessed using the Short
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Personal Experiences Questionnaire (SPEQ) rose

from 42 to 88% whereas there were no significant

changes in mood scores. Those who showed low

SPEQ total scores in the early transition had lower

estradiol levels, but similar androgen levels to those

with higher scores, and decreasing scores correlated

to decreasing estradiol, but not to total testosterone.

Hormone levels did not correlate with mood scores.

It was concluded from that study that “the dramatic

decline in female sexual functioning with the natural

menopausal transition relates to decreasing estradiol

rather than androgens”. A limitation to this data is

that a sensitive testosterone assay was not employed.

Systemic estrogen therapy improves vasomotor and

other general symptoms ( Level 1 Evidence [55-57]),

and vaginal dryness and urogenital atrophy are effec-

tively treated with either systemic or vaginal estro-

gen therapy ([58] Level 1 evidence). Exogenous

estradiol improves not only vasomotor symptoms,

but also well-being. However, this effect appears to

be partly a result of the relief from vasomotor symp-

toms and vaginal dryness [59]. Oral estrogen therapy

improves sexual satisfaction in women with atrophic

vaginitis causing their dyspareunia, but women lac-

king this symptom may benefit little or not at all [57,

60-63] (Level 2 and 3 evidence). Most of these stu-

dies have involved restoring circulating estradiol to

levels seen in the early follicular phase of the mens-

trual cycle. However when supraphysiological estra-

diol levels have been achieved with repeated estra-

diol implant therapy, improvements in fantasy, libi-

do, sexual pleasure and sexual satisfaction have been

documented (Level 2 Evidence [64]). 

In a retrospective study that controlled for post-ope-

rative estrogen therapy use, approximately 100

women between the ages of 47-55 years, who had

undergone hysterectomy 2-6 years previously, com-

pleted the McCoy Sexual Rating Scale, Psychologi-

cal Well-Being Index, and a semi-structured inter-

view [63]. Three age-matched groups were identified

: oophorectomized women not using estrogen thera-

py (ET), oophorectomized women using ET, and

non-oophorectomized post menopausal women.

Overall, there were no differences in the frequency

of intercourse or orgasm, dyspareunia, arousal, or

partner satisfaction between groups. Non-estrogen-

treated oophorectomized women had significantly

worse scores for depression, anxiety, and psycholo-

gical well-being compared to intact women, but

these problems were not apparent in oophorectomi-

zed women receiving estrogen.

Cross sectional research indicates an association bet-

ween the decline in sexual function at menopause

and estradiol. A correlation with testosterone cannot

be excluded as no study has been undertaken that has

used a sensitive measure of free testosterone. An

effect of exogenous estrogen therapy on sexual func-

tion has not been demonstrated independent of alle-

viation of vasomotor symptoms and vaginal atrophy.

2. CENTRAL EFFECTS OF PROGESTERONE

(LEVEL 5)

The PR exists in two different molecular forms, PR-

A and PR-B. PRs are also present in the brain [65].

The function and role of the two different isoforms in

the brain have not been defined, and pharmacologi-

cal approaches using ligand antagonists and knock

out models do not distinguish between the two iso-

forms. Progesterone, like estrogen, modulates gene

expression in the rodent hypothalamus and thus

regulates neuronal networks that control female

sexual behavior. Estradiol increases the expression

of PR which in turn functions as a critical co-ordina-

tor of key regulator events associated with the sexual

response [65]. The results of various studies using

the progesterone antagonist RU 486, intra-cerebral

administration of anti-sense nucleotides and PR

knock out mice confirm that facilitation of sexual

behavior of rodents by progesterone is mediated both

by estradiol-induced genomic activation of neural

PR and by a process involving ligand independent

action of the PR via the cell membrane dopamine1

receptor (D1) [65]. It is believed that activation of

cell membrane receptors results in a signal transduc-

tion cascade that leads to phosphorylation of the PR

or a specific co-activator, and hence neuronal effects.

In animal models progesterone facilitation of lordo-

sis is also influenced by the cannabinoids [66]. 

3. ADRENAL PRE-ANDROGENS (LEVEL 2B-4)

A'dione and DHEA are produced by the ovaries and

adrenals, whereas DHEAS is a unique secretory pro-

duct of the adrenal zona reticularis. Each is an impor-

tant precursor for peripheral biosynthesis of both tes-

tosterone and estrogen. DHEAS and DHEA levels

decline with age [27, 67, 68], and there has been

considerable conjecture that this results in loss of

libido and well being [69]. The effects of oral DHEA

on the sexual function of women have been evalua-

ted in a number of placebo-controlled RCTs with

inconsistent findings. In a crossover study of 24

women with adrenal insufficiency, sexual thoughts,

interest and satisfaction (mental and physical)

increased significantly after 4 months of active treat-

ment (50 mg/day) [70]. In this study, serum testoste-
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rone was increased from below normal to the lower

part of the normal range by the therapy. Two other

studies of women with Addison's disease found no

effect of the same dose of DHEA on cognitive or

sexual function, body composition, or bone mineral

density.  In a parallel group study in 39 women with

adrenal failure, treatment with 25 mg DHEA did not

produce significant changes in desire, satisfaction or

sexual problems [71]. A smaller RCT crossover

study in Addisonian patients using 50 mg DHEA also

failed to show improvements in sexual parameters

(although the increments in testosterone levels were

lower than expected) [72]. Significant improvements

in self-esteem, mood, and fatigue were observed

[71, 72]. In perimenopausal women without adrenal

deficiency a parallel group placebo-controlled RCT

did not show improvements in libido in 66 perime-

nopausal treated with 50 mg/day DHEA for 4 months

[73]. Whereas an open-label study of DHEA treat-

ment (50 mg/day) in 113 healthy women with dimi-

nished desire, arousal and orgasmic capacity showed

improvement in desire, arousal, lubrication, orgasm

and satisfaction (P<0.05) [74] (level 3).

In postmenopausal women, high dose DHEA (300

mg) resulted in greater subjective mental (p < 0.016)

and physical (p < 0.036) sexual response to an erotic

video versus placebo in a small RCT [75]. Both the-

rapy and placebo increased vaginal pulse amplitude

and vaginal blood volume with no difference bet-

ween treatments [75]. BAULIEU et al reported impro-

ved libido in women over 60 years treated with

DHEA 50mg daily in a RCT, however sexual func-

tion assessment did not involve a validated question-

naire and the visual analogue scale used was only

understood by 25% of the women [69]. Libido was

reported as unchanged in women less than 70 years

of age and increased in women over 70 years of age

with DHEA versus placebo.

As stated above DHEA is converted to both testoste-

rone and estradiol. Therefore any study that demons-

trates positive effects of oral DHEA on sexual func-

tion cannot distinguish between the role of DHEA

alone or as a precursor of testosterone and/or estra-

diol. In summary there are no strong data to support

beneficial effects of exogenous DHEA on sexual

function in health or in adrenal insufficiency. To date

there have been no RCTs evaluating sexual function

with androstenedione in women.

4. ROLE OF TESTOSTERONE IN HSDD

a) Evidence from basic research and physiology

(Level 5)

Androgen receptor (AR) mRNA-containing neurons

are widely distributed in the female rat brain, with

the greatest densities in neurons in the hypothala-

mus, and in regions of the telencephalon that provi-

de strong inputs in the medial preoptic and ventro-

medial nuclei, each of which is thought to play a key

role in mediating the hormonal control of sexual

behavior, as well as in the lateral septal nucleus, the

medial and cortical nuclei of the amygdala, the

amygdalo-hippocampal area, and the bed nucleus of

the stria terminalis [76]. In the adult male cynomol-

gus monkey high densities of P450 aromatase and

AR mRNA-containing neurons were observed in

discrete hypothalamic areas involved in the regula-

tion of gonadotropin secretion and reproductive

behavior [77]. All areas that contained P450aromata-

se mRNA-expressing cells also contained AR

mRNA-expressing cells. However there were areas

in which AR mRNA was expressed but not P450aro-

matase mRNA suggesting testosterone acts via diffe-

rent signalling mechanisms in specific brain regions

[77]. No equivalent data is available for humans or

female primates. In rodent models, as reviewed

above, testosterone does not maintain normal sexual

behaviour in the absence of estrogen action. 

Evidence from observational and population-based,

epidemiologic studies (Level 3-4).

Studies examining the relationships between circula-

ting endogenous testosterone levels and sexual acti-

vity have produced varying results. This is likely due

to testosterone levels in the circulation being of limi-

ted value as an indicator of tissue androgen exposu-

re as described above. Nonetheless, peripheral

androgen levels (nonSHBG bound testosterone and

its precursors) may be indicative of the hormonal

milieu of the brain, and may influence sexual beha-

viour either directly or via aromatization to estrogen

within the brain. ALEXANDER et al reported that pre-

menopausal non oral contraceptive pill users (n=13)

reported decrease in sexual desire during perimens-

trual phase associated with decline in free testostero-

ne [78]. 

However other sexual function parameters in this

study were not found to correlate with free testoste-

rone. RILEY and RILEY found an association between

low sexual drive and androgen levels in 15 women

with low sexual desire versus 15 controls aged 18 to

45 years matched for age, parity and weight who

completed daily diaries for at least 1 cycle and had

mid cycle blood samples performed [79]. This study

measured testosterone only once in women with life-

long low libido so the methodology of this study is

problematic.
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In a national probability sample study of sexual

behavior in a cohort of almost 2,000 women between

the ages of 18 to 59 years, the older age group,

women between the ages of 50 to 59 years, were less

likely to report lack of interest in sex, inability to

achieve orgasm, or sex not pleasurable than were

younger women [80]. These are not the findings that

would be expected if androgens were a major factor

governing women's sexuality, given that the woman

in the older age group would be predicted to have

approximately half the testosterone concentrations as

the younger women in the study. 

MCCOY reported that low total testosterone levels

were closely correlated with reduced coital frequen-

cy and loss of sexual desire [81) and BACHMANN and

LEIBLUM reported a positive relationship between

free testosterone and ratings of sexual desire by

interview questioning in 59 women aged 60-70yrs

[82]. In contrast, CAWOOD and BANCROFT reported no

relationship between androgens and sexual parame-

ters in 141 volunteer non hormone therapy users

aged 40-60yrs [53]. Each of these and other studies

that have addressed this issue have significant

methodological limitations, with a consistent limita-

tion being lack of sensitivity of the testosterone

assays used and reliance on total, not free testostero-

ne levels.

In a cross-sectional analysis of data from 201 women

aged 48-58 years in the Melbourne Midlife Heath

Study, sexual responsivity declined with age, but tes-

tosterone levels were reported not to be associated

with any aspects of female sexual functioning.

However the assay used could not differentiate nor-

mal from low testosterone levels [83].

b) Evidence from observational studies in oopho-

rectomized women (Level 3)

Young women who undergo bilateral oophorectomy

(BSO) experience an approximately 50% reduction

in circulating testosterone concentrations [37]. Stu-

dying women following oophorectomy, therefore, is

a way to evaluate the effects of low testosterone

levels on libido, psychological state, body composi-

tion, bone mineral density, and other factors that may

result from decreased androgen concentrations. Iden-

tifying consistent signs and symptoms in oophorec-

tomized women that are not present in women who

retain their ovaries, would provide support for the

existence of a female androgen insufficiency syndro-

me. As the majority of women have oophorectomy at

the time of hysterectomy, to evaluate the isolated

effects of androgen loss, oophorectomized women

should be receiving estrogen therapy and be compa-

red to hysterectomized women who retain their ova-

ries. These studies are imperfect, though, as the indi-

cations for surgery, the surgical procedures, and the

accompanying estrogen deficiency or estrogen thera-

py following oophorectomy all may impact function

post-operatively. 

In the Maryland Women's Health Study, over 1,000

women were interviewed before and after hysterec-

tomy [84]. ET users vs. non-users were not analyzed

separately, but the authors stated that 88% of the pre-

menopausal women undergoing concurrent BSO

were taking hormone therapy 12 months after hyste-

rectomy. Despite the fact that approximately 44% of

the women had concurrent BSO, the investigators

observed significant improvements in sexual func-

tioning post-operatively. Removal of the ovaries did

not influence the improvements seen following hys-

terectomy for measures of frequency of sexual rela-

tions, dyspareunia, vaginal dryness, and libido. In

this study, BSO was associated with a statistically

significant 2.7-fold increase in the likelihood of not

experiencing orgasms 12 months post-operatively

[84]. Similar results were found in a retrospective

European study. Approximately 700 women under

55 years of age who underwent hysterectomy for

benign disease over a 5-year time period at a Swedi-

sh hospital completed questionnaires post-operative-

ly. Although the majority of women reported impro-

ved sexual life following hysterectomy, oophorecto-

mized women were significantly less likely to report

improvement than non-oophorectomized women

(55% vs. 74%, respectively) [85]. Twenty-four per-

cent of oophorectomized women reported an overall

worsening of their sexual life post-operatively,

which was more than twice the rate for women fol-

lowing simple hysterectomy (11%). Ratings of expe-

rience of intercourse and coital frequency post-ope-

ratively also were significantly lower in oophorecto-

mized women compared to those who retained their

ovaries. To specifically examine the isolated effects

of decreased testosterone levels, estrogen-treated

oophorectomized women were compared to those

with intact ovaries; the women without ovaries des-

cribed decreased pleasure from intercourse and

increased anxiety, but there were no significant dif-

ferences between these two groups for sexual fanta-

sies, depression, or overall psychological well-being.

No correlations were found between the psychologi-

cal or sexual variables and androgen measurements,

including total testosterone, free testosterone,

androstenedione, and DHEAS.
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Observational studies of oophorectomized women

are consistent with the hypothesis that decreased tes-

tosterone levels may affect sexual function in some

women. The strength of the evidence is limited,

though, by the fact that many women report an

improved sexual life post-operatively.

c) Evidence from clinical trials of androgen thera-

py (Level 2 )

Several studies of supraphysiological testosterone

treatment in oophorectomized and naturally meno-

pausal women demonstrate clear improvements in

sexual function. In a prospective, cross-over study of

53 surgically menopausal women, those treated with

supraphysiological doses of intramuscular testoste-

rone or testosterone-estradiol combined had signifi-

cant improvements in sexual desire, fantasies, and

arousal compared to women treated with estradiol

alone or placebo [61]. The dose of testosterone enan-

thate administered in this study was 150 mg per

month, which is a dose producing full virilization

when given to hypogonadal males. BURGER et al trea-

ted 17 patients with combined subcutaneous

implants of estradiol (40 mg) and testosterone (100

mg) because oral estrogen (CEE 1.25mg daily or

estradiol valerate 4 mg daily) had not adequately

relieved decreased libido in particular [62]. Signifi-

cant improvements were noted in libido, enjoyment

of sex and tiredness (p<0.01) without significant

changes in flushes, sweats and depression. Libido

increased from a mean basal level of 13.5 to a maxi-

mum of 86.1 (on an analogue scale, maximum 100)

at 3 months and increased in all evaluable subjects.

Symptomatic improvement was maintained for 4-6

months. No significant changes were seen in total

serum cholesterol, triglyceride or cholesterol sub-

fractions. Total testosterone plasma concentration

rose from 2.3 (measured at the point of discontinuing

oral estrogen) to 6.7 nmol/l at 1 month, and had

returned to baseline at 5 months. Again, this dose of

the testosterone can be considered pharmacological.

A single blind controlled study was undertaken with

lower dose testosterone implants in 20 post-meno-

pausal women complaining of loss of libido, unres-

ponsive to adequate estrogen replacement [86].

Treatment was with implants of either estradiol alone

(40 mg) or estradiol in combination with testostero-

ne (50 mg) at concentrations raising the total testos-

terone level to just above the upper limit of normal

(3.5-3.7 nmol/l). Those receiving combined implants

showed a marked improvement in the various sexual

measures recorded, similar to that observed in the

earlier study. The dose of testosterone used here

could be considered to be in the high physiological

or low pharmacological range. Again, no significant

changes were seen in serum lipids. DAVIS et al

.conducted a single blind randomised trial of 34 post-

menopausal women not identified as having sexual

dysfunction over a 2 year period. Women received

either estradiol implants 50mg alone or estradiol 50

mg with testosterone 50 mg. The combined treat-

ment increased serum testosterone concentrations to

high in the normal range and improved all parame-

ters of sexual function measured using the Sabbats-

berg Sexual Self-rating Scale as compared with

estradiol alone [64].

SARREL et al compared esterified estrogen alone with

esterified estrogen plus methyltestosterone (MT) in

postmenopausal women who were “dissatisfied”

with their HT. Those taking combined therapy repor-

ted improved sexual desire, satisfaction and coital

frequency, with their being no such improvement in

the estrogen alone group [87]. As the combined MT-

esterified estrogen treatment lowers SHBG levels

markedly, it is unclear if the beneficial effects on

sexual function are caused by an elevation in endo-

genous free testosterone and DHT levels, an eleva-

tion in free estrogen levels or by the androgenic

action of MT itself. 

In contrast MYERS et al conducted a 10 week double

blind study of 40 naturally menopausal women with

four treatments : CEE 0.625 mg, CEE 0.625 mg plus

MPA 5 mg, CEE 0.625mg plus MT 5 mg or placebo.

The CEE 0.625 mg plus MT 5 mg group had increa-

sed reports of pleasure from masturbation versus the

other 3 groups, but there were no differences in

mood ratings, sexual behavior or sexual arousal [88].

This outcome may reflect inadequate treatment time,

too small study numbers, inability of MT to be aro-

matized or no true difference of therapy. 

In a double-blind RCT, the effects of oral testostero-

ne undecanoate vs. placebo (in combination with

oral estrogen) on sexuality and mood were evaluated

in a crossover design in 50 surgically menopausal

women [89]. The addition of testosterone undeca-

noate (40 mg/day), which raises testosterone levels

into the supraphysiological range in a significant

proportion of women, was associated with signifi-

cant improvements in “enjoyment of sex”, “satisfac-

tion with sexual frequency”, and “interest in sex”

using the McCoy scale.

SHIFREN et al conducted a short-term study of phy-

siological testosterone therapy in estrogen-replaced,

surgically menopausal women with decreased libido
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that also demonstrated significant improvements in

sexual function [90]. Seventy-five women who expe-

rienced impaired sexual function following hysterec-

tomy and oophorectomy despite estrogen therapy

were treated with transdermal testosterone matrix

patches (150 or 300 mcg/day) or placebo, each for 12

weeks, in a RCT cross-over trial. Although there was

a considerable placebo response, women receiving

the higher testosterone dose experienced significant

increases in the frequency of sexual activity and

pleasure-orgasm [90]. At this dose the percentages of

women who had sexual fantasies, masturbated or

engaged in sexual intercourse at least once a week

increased 2 to 3 fold over baseline. A post-hoc ana-

lysis showed that in contrast to the younger subjects

in the study (under the median age of 48 yr), the

“older half” of the population had a much smaller

placebo response and exhibited significant improve-

ments in sexual function parameters at both doses of

testosterone (150 or 300 mcg/day). 

Positive well-being and depressed mood (measured

by the Psychological General Well Being Index) also

improved at the higher testosterone dose. Subse-

quently, two more studies of transdermal testostero-

ne patches in over 500 surgically menopausal

women treated with either oral or transdermal estro-

gen have been completed and the findings, to be pre-

sented this fall, will add significantly to the body of

evidence.  Two additional larger studies with the tes-

tosterone patch are ongoing.

Another RPCT with a cross over design of 45 pre-

menopausal women presenting with low libido

demonstrated that transdermal testosterone signifi-

cantly improved sexual motivation, fantasy, frequen-

cy of sexual activity, pleasure, orgasm and satisfac-

tion [91]. In addition to the positive effects on sexual

function, testosterone significantly improved the

total score and all subscale scores of the Personal

General Wellbeing Index in the premenopausal

women [91]. The mean free androgen index was just

above the proposed upper limit for young women,

although no true range has been formally established

for this estimate of free testosterone.

No clinical human studies to date have differentiated

whether any of these effects are AR or ER mediated,

or both. The effect of aromatase inhibition on sexual

function in women treated with transdermal testoste-

rone is currently underway and may help resolve this

issue. 

Female androgen insufficiency syndrome (FAIS) has

been described as a pattern of clinical symptoms and

signs in the presence of decreased bioavailable tes-

tosterone and normal estrogen status [92]. Clinical

symptoms of the proposed deficiency state may

include decreased libido, sexual receptivity, and

pleasure ; a diminished sense of well-being or dys-

phoric mood ; and persistent unexplained fatigue.

Clinical signs might include bone loss, decreased

muscle mass and strength, adipose tissue redistribu-

tion, decreased sexual hair, and changes in cognition

or memory. The study of possible female androgen

deficiency states is limited by the sensitivity and spe-

cificity of testosterone assays for women, and the

lack of a large normative data base of androgen

levels for women. In addition, the proposed signs

and symptoms of FAIS are very non-specific, and

may be secondary to other common problems in

women, including depression and thyroid disease.

The fact that the states in which women have signi-

ficantly reduced androgen levels, such as oophorec-

tomy and adrenal disease are often associated with

other medical conditions, medications, and aging

also contributes to the difficulty in providing eviden-

ce to support the existence of FAIS. In addition, the

more broadly a syndrome is defined, the harder it is

to support with data from well designed studies. A

review of the available studies provides greater evi-

dence to support a specific association between low

androgen concentrations and decreased libido and

other changes in sexual function, than for the entire

syndrome. 

d) Conclusions

Clinical studies of supraphysiological testosterone

therapy have shown improvements in sexual para-

meters in postmenopausal women. More recent stu-

dies employing physiological doses have shown

benefits in sexual function and mood, including 2

studies the results of which will soon be available.

Although a group of clinical investigators from a

wide variety of fields related to women's health

(including epidemiology, endocrinology, urology,

obstetrics and gynecology, psychology, and psychia-

try) have proposed a set of symptoms and signs des-

cribing a FAIS this still must be considered a wor-

king definition, on which to base future research.

The present evidence for the existence of a FAIS is

based primarily on clinical experience, limited

observational studies and few RPCTs. It has not been

shown that the symptoms attributed to FAIS are

more common in women with lower testosterone

levels. A study of the relationships between sexual

parameters and free and total testosterone and other
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sex steroids in a randomly recruited sample of

women from the community aged 18 to 75 years will

soon be reported on. 

5. TIBOLONE AND HSDD (LEVEL 2-3)

Tibolone is a synthetic steroid possessing a 3 keto-

group with a 7α methyl group. It has been described

as a pro-drug as following ingestion it is quickly

metabolized in the gastro-intestinal tract to two

estrogenic metabolites 3α andβ which then circulate

predominantly in their sulfated inactive forms [93].

These metabolites only become estrogenically active

when desulfated by the sulfatase enzyme in target

tissues. The global effect of tibolone would thus be

expected to be estrogenic. However tibolone itself

and its 3β metabolite may be converted to a ∆4-iso-

mer by the enzyme 3β-hydroxysteroid dehydrogena-

se (HSD)-isomerase [94].

Studies of tibolone on sexual desire indicate a bene-

fit. In a randomized placebo controlled study of 12

months duration postmenopausal women completed

a sexual function questionnaire that comprised 10

self-evaluations of sexual attraction, desire and fan-

tasy, intensity and frequency of orgasmic response

and coital activity [95]. Scores for all 10 items on the

questionnaire improved in the tibolone group, but

not the placebo group at 12 months of study

(p<0.01). In another randomised placebo controlled

cross -over trial tibolone resulted in significant

increases in sexual desire, the frequency of arousabi-

lity and of sexual fantasies compared with placebo

[96]. Nathorst-Boos and Hammar studied the effect

of tibolone or 17beta-estradiol (2 mg) plus NETA on

sexual function [97]. A modified McCoy sexual

questionnaire was administered to 437 postmeno-

pausal women and both preparations significantly

improved libido (p<0.001). A greater effect was seen

with tibolone after 24 and 48 weeks of treatment in

terms of overall scores for “frequency of sexual acti-

vity”, “satisfaction”and “enjoyment” [97]. The base-

line was lower for several of the parameters in the

tibolone group and improvement was greater for

individuals with a lower baseline. 

CASTELO-BRANCO et al., in an open label study ran-

domized 120 surgically menopausal women to either

oral estradiol valerate (4 mg/day) with dihydroan-

drosterone enanthate (monthly, intramuscularly),

transdermal 17β- estradiol (50 mcg/day), tibolone

(2.5 mg/day) or placebo for 12 months [98]. There

were significant improvements in all parameters of

sexual function in all active treatment groups. Howe-

ver sexual responsiveness and frequency of orgasm

improved with oral estradiol/dihydroandrosterone

and tibolone to a greater extent than estradiol alone

(p<0.05 for difference between treatments). The

doses of oral and transdermal estradiol were not

equivalent, possibly biasing this comparison ; howe-

ver this would not have influenced the more favo-

rable effect of tibolone over transdermal estradiol.

Hormonal factors contributing to decreased sexual

function in women may include estradiol deficiency,

testosterone insufficiency and reduced bioavailabili-

ty of estradiol and testosterone due to elevated

SHBG [99, 100]. Tibolone may improve libido and

other aspects of female sexuality because of its com-

bined estrogenic, androgenic and SHBG-lowering

effects.

6. RALOXIFENE (LEVEL 2-3)

Raloxifene is a selective estrogen receptor modulator

(SERM) indicated for the treatment of osteoporosis

in postmenopausal women. It has antiresorptive

estrogen-like activity on bone, but is an estrogen

antagonist in the uterus and breast, and does not alle-

viate (and may exacerbate) hot flashes and urogeni-

tal atrophy [101]. Because of the latter findings a

large placebo-controlled RCT has recently evaluated

the effects of raloxifene (60 and 120 mg/day) on the

sexual function of postmenopausal women with

osteoporosis [102]. After 36 months of treatment, no

statistically significant differences between active

and placebo treatments were found for any of the

sexual function parameters, which included desire,

activity, enjoyment, pain during intercourse, orgasm,

arousal and global score for sexual problems. In

comparison to oral CEE raloxifene produces only a

small increase in SHBG levels [103]. Consistent

with this, in healthy postmenopausal women with

normal androgen levels, raloxifene 60 mg/day does

not lower levels of total or free testosterone, or

DHEAS. As previously reported, raloxifene selecti-

vely lowers FSH levels while leaving LH levels

unaffected.  This may contribute to the neutral effect

on circulating androgens [104]. Further studies are

necessary to establish the full clinical implications of

these findings relative to other osteoporosis thera-

pies. While raloxifene would not be used to treat

sexual problems, from this study it seems unlikely to

cause them.

7. OXYTOCIN AND SEXUAL BEHAVIOR

Circulating levels of the neuropeptide oxytocin have

been reported as increased during sexual arousal and
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orgasm in humans and its receptor may have a role in

sexual behavior. When oxytocin has been infused

into the brains of estrogen treated female rats (which

are not very sexually receptive) their sexual activity

was considerably stimulated [105]. Estradiol

increases the expression of oxytocin and its receptor

in the ventromedial hypothalamus (VMH) of the rat

[52]. The authors are unaware of any correlates to

this finding in humans.

8. PROLACTIN (LEVEL 4-5)

Hyperprolactinemia results in hypogonadotrophic

hypogonadism and loss of libido, and distress [106].

These adverse effects have been attributed to loss of

ovarian function. LUNDBERG and HULTER reported

that 53 (84.1%) out of the 63 women with hypotha-

lamic pituitary disorders who had hyperprolactinae-

mia had diminished sexual desire, but only 15

(32.6%) out of the 46 women with normal serum

prolactin had this symptom (p < 0.001) [107]. EXTON

et al reported elevated prolactin in women following

orgasm that remained elevated when re-measured at

60 minutes [108].

9. GLUCOCORTICOSTEROIDS (LEVEL 5)

Adrenal insufficiency is associated with reductions

in DHEAS and free and total testosterone [109].

Similarly glucocorticosteroid excess, either endoge-

nous or exogenous, leads to adrenal suppression and

androgen insufficiency and thus may indirectly inhi-

bit sexual function [110]. However there are no cli-

nical data to support that this is an effect independent

of the disease process for which glucocorticosteroids

therapy is being used.

It is becoming clear that inadequate sexual arousal

may in part be due to decreased blood flow to the

sexually responsive organs. While atherosclerosis

may be implicated in older women with vascular risk

factors, it seems that hormonal changes may play a

part in younger women.

Estrogen influences vascular function via genomic

and nongenomic mechanisms [1]. Estrogen has

direct effects on genital anatomy, enhancing periphe-

ral blood flow and peripheral nerve function and

improving vaginal lubrication [111].

The endothelium plays a critical role in determining

the contractile state of the vessel [112] and modu-

lates several other vital vascular functions including

platelet aggregation, monocyte adhesion, smooth

muscle proliferation and lipid oxidation [113]. Age,

hypercholesterolaemia, diabetes and smoking seve-

rely impair endothelial function [114, 115]. Although

exogenous estrogen will restore impaired endothelial

dysfunction consequent to estrogen deficiency [116],

there is no evidence that exogenous estrogen will

reverse the endothelial dysfunction due to other

causes [117]. Thus although estrogen therapy may

restore peripheral blood flow in estrogen deficient

women with normal vascular integrity, this may not

be the case for women who have established vascu-

lar dysfunction.

Testosterone appears to be important for its vasomo-

tor effects [118], enhancing vaginal blood flow and

lubrication [119, 120]. These effects may be due to

direct androgen actions or in part be due to estradiol

biosynthesis from testosterone in the vascular bed

[121]. Cellular research indicates that vaginal tissue

may express a specific nuclear receptor for the very

powerful androgen, D5-βandrostenediol [122]. 

In a RPCT with a cross over design, acute testostero-

ne administration at pharmacological levels was

found to increase vaginal pulse amplitude (VPA) in

eugonadal women with a strong statistical correla-

tion between VPA and self reporting of genital sen-

sations [119]. In an earlier open label study of MT

combined with micronized estradiol versus estradiol

alone, both therapies increased vaginal blood flow

with no difference between the two groups [123].

LAAN et al conducted a RPCT (cross-over design) of

tibolone versus placebo in 38 postmenopausal

women. VPA increased with tibolone compared with

placebo and there was a significantly greater increa-

se in VPA with erotic fantasy but not erotic visual sti-

mulation with tibolone versus placebo [96]. In a

single blind study acute DHEA had no significant

effect on either VPA responses or subjective res-

ponses to the erotic films 30 minutes post dose in 12

healthy premenopausal women [124]. As sublingual

testosterone did not result in an effect until 1.5 hours

[119] it is possible that evaluation of VPA may have

been performed at too early a time point for a true

effect to be measured resulting in a type 1 error.

Urogenital symptoms adversely influence sexual

desire. Symptoms such as vaginal atrophy and dry-

IV. HORMONES AND DYSPAREUNIA

(LEVEL 1-2)

III. HORMONES AND SEXUAL

AROUSAL (LEVEL 2-3)
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ness, urinary frequency and incontinence occur in

approximately one-third of women over 50 years of

age and are not easily resolved. A recent study by

UTIAN and SCHIFF found that 55% of those questio-

ned experienced vaginal dryness, while 32% com-

plained of dyspareunia [125]. Dyspareunia has a

number of causes, but lack of estrogenization is a

common cause in women experiencing estrogen

deficiency due to any etiology at any age. After the

menopause, the vaginal pH increases as lactobacilli

disappear from the vaginal flora. Estrogen replace-

ment, whether locally applied or by oral administra-

tion, improves vaginal wall glycogenization and

vaginal blood flow. This results in the restoration of

the normal vaginal bacterial flora and a concomitant

lowering of the vaginal pH [126]. Estrogen treatment

relieves vaginal dryness leading to a subsequent

improvement in sexual function [127].

Since the urogenital tissues are highly sensitive to

estrogens, vaginal administration of low-dose estro-

gen treatment provides an alternative  approach to

systemic estrogen therapy for the management of

urogenital atrophy that is safe and acceptable [58].

This is an important requirement in a treatment that

will have to be used long term, as urogenital atrophy

is a lifelong disorder. Vaginal treatment is also an

effective adjunct in women already taking oral HT

but who continue to have symptoms of urogenital

aging. For women with severe urogenital estrogen

deficiency, maintenance therapy with low-dose vagi-

nal estrogen results in sufficient absorption to induce

maturation of the vaginal and urethral epithelium,

without gradual accumulation of circulating uncon-

jugated estrone and estradiol. 

Tibolone relieves such urogenital symptoms, and this

may contribute to the improvement in libido seen

with tibolone [96]. Tibolone normalizes the vaginal

karyopyknotic and maturation indices and alleviates

symptomatic atrophic vaginitis [128] with effects

sustained over the long term [129].

LEIBLUM et al in a prospective study reported a signi-

ficant negative associations between androstenedio-

ne and testosterone levels and vaginal atrophy [120].

Androgen receptors have been reported in the vagina

and these may play a role in vaginal health.

Local and systemic estrogen therapy can be effecti-

vely used to treat vaginal atrophy. Tibolone is also

effective for management of urogenital symptoms. A

therapeutic role for androgens for urogenital atrophy

needs to be established. 

Evaluation of loss of libido requires a multi-system

approach such that both physical and psychosocial

factors must be evaluated for all patients.

1. HISTORY AND EXAMINATION

In defining the problem it is important to determine

whether the problem of low libido is causing the

women personal distress. The duration of decreased

libido and when the women last felt she had normal

libido should be established. Assessment should be

non judgmental as what is normal for one woman

may not be acceptable to another. Evaluation of psy-

chosocial factors as discussed elsewhere is vital,

however the presence of psychosocial components

do not exclude a contributing organic component and

should not exclude a woman from full biological

assessment. All women should be carefully screened

for depression as a cause of their sexual difficulties.

Similarly the presence of chronic illness does not

exclude a hormonal cause. Indeed a hormonal cause

may be more likely in women with illness or therapy

that causes adrenal suppression. 

A complete gynecological history should be taken.

History should also identify possible iron deficiency,

thyroid disease and galactorrhea.

In premenopausal women adequacy of estrogeniza-

tion should be evaluated by taking a menstrual histo-

ry. In the presence of regular cycles (periods every

21 to 35 days) dysfunction of the hypothalamic-

pituitary-ovarian axis is extremely unlikely, such that

estrogen is usually adequate and prolactin is normal.

Amenorrhea prior to the age of 40 years requires full

assessment.

A general physical examination should include

assessment of thyroid status, presence of anemia or

galactorrhea. Gynecological examination should

include a pelvic examination with attention to signs

of vaginal atrophy, size of introitus, presence of

discharge or evidence of infection, vulvodynia and

deep tenderness. Evaluation of the vulvar and vagi-

nal tissues on exam relates more closely to sexual

function than estradiol levels.

2. LABORATORY ASSESSMENT

a) General

Women presenting with low libido and fatigue

V. HORMONAL EVALUATION OF A

WOMAN PRESENTING WITH LOW

LIBIDO
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should have routinely measured: iron stores (which

might be low despite normal hemoglobin) ; thyroid

stimulating hormone (TSH) to exclude subclinical

thyroid disease, and on clinical suspicion a screen for

autoimmune disease causing chronic fatigue. The

incidence of undiagnosed subclinical hypothyroi-

dism is high - about 10% of women over 40. The

relation of mild hypothyroidism to symptoms of

fatigue and sexual complaints is unclear. Women

treated with thyroxine who are started on oral  (but

not parenteral) estrogen therapy need to have their

TSH measured 6 weeks after commencement as

estrogen, as oral estrogens may increase the thyroxi-

ne requirement by increasing thyroid binding globu-

lin.

Measurement of estradiol and FSH is indicated to

diagnose premature ovarian failure in amenorrheic

young women or to evaluate menopausal status in

hysterectomized women. However in the latter a full

symptom history is often more useful. Amenorrhea

with low FSH and low estradiol is suggestive of

hypothalamic amenorrhea, hyperprolactinemia or

other rare pituitary disease. Not all immunoassays

reliably distinguish normal estradiol from low levels. 

b) Prolactin should be measured in premenopausal

women with oligomenorrhea, amenorrhea and/or

galactorrhea.

c) Testosterone

Free or bioavailable (non-SHBG-bound) testostero-

ne measures are the most reliable indicators of tissue

testosterone exposure. High levels do not predict

higher libido, however, a level above average proba-

bly rules out androgen insufficiency.

Timing of measurement to prevent misdiagnosis of

low testosterone: Ideally blood should be drawn bet-

ween 8:00 and 10:00 am due to the diurnal variation

of testosterone, resulting in higher levels at this time

[32]. In premenopausal women, testosterone is at its

nadir during the early follicular phase, with small but

less significant variation across the rest of the cycle

[30, 130]. Thus, blood should be drawn after day 8 of

the cycle, and preferably before day 20. A serum

sample is preferred over plasma.

Free testosterone : The gold standard methodology

for measurement of free testosterone is considered

by many investigators to be equilibrium dialysis.

However, this method is influenced by dilution of the

analyte. Furthermore, it is labor intensive and expen-

sive, and not feasible for clinical practice. Bioavai-

lable testosterone, which correlates highly with free

testosterone quantified by equilibrium dialysis, can

be measured by the ammonium sulfate precipitation

technique [131]. However, frequently encountered

sources of error in this assay include incomplete pre-

cipitation of globulins, use of impure tritiated testos-

terone, and insufficient counting time of the relative-

ly small amount of radiolabeled bioavailable testos-

terone in the assay. The equilibrium dialysis and

ammonium sulfate precipitation methods generate a

percentage of free testosterone and bioavailable tes-

tosterone, respectively. This percentage is then mul-

tiplied by the concentration of total testosterone to

determine the free and bioavailable testosterone

concentrations. The Sodergard equation can be relia-

bly used to calculate free testosterone if total testos-

terone, albumin and SHBG are known [131, 132].

This method requires a reliable determination of total

testosterone and SHBG ; albumin is quantified by

routine methodology. Measurement of free testoste-

rone by analogue assays are notoriously unreliable,

particularly at the lower end of the normal female

range and are not recommended for use [133].

Salivary testosterone has been used reliably in stu-

dies of women with hyperandrogenism, but has

never gained wide support because the normal range

seems excessively large and also has questionable

accuracy in the lower ranges [134]. It is important to

realize that salivary testosterone levels should not be

equated to levels of free testosterone in serum. The

free androgen index (FAI) [nmol/L total testostero-

nex100/nmol/L SHBG] has been used as a surrogate

for free testosterone, but it is unreliable when SHBG

levels are low [135].

Total testosterone : No rapid, simple assay of total

testosterone has been shown to produce reliable

results in women with low testosterone levels.

Direct testosterone immunoassays are limited by

“noise” from assay interference and by cross-reacti-

vity with other steroids, which become worse at low

testosterone concentrations [133]. Furthermore, tes-

tosterone is sometimes not completely dissociated

from SHBG in a direct assay. Inclusion of organic

solvent extraction will increase specificity, and if

combined with chromatographic separation of tes-

tosterone from interfering steroids, a reliable result

can be obtained. However, this technique is fre-

quently not available or cost-effective in clinical set-

tings.

Gas chromatography combined with mass spectro-

metry (GC-MS) for total testosterone measurement

requires multiple steps including liquid-liquid extra-

ction, and may not be reliable when testosterone
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levels are very low [133]. However, liquid chroma-

tography (LC)-MS/MS appears to provide reliable

measurement of low testosterone concentrations.

Regardless of which assay method for measuring an

analyte is used, a thorough validation of each method

is required. The validation should include assay sen-

sitivity, precision, accuracy and specificity.

d) Other parameters : SHBG binds with high affini-

ty to testosterone and is an important regulator of cir-

culating total testosterone concentration. The measu-

rement of SHBG is not controversial and is relative-

ly simple to perform with good reproducibility.

The chief androgen precursor in the adrenal gland is

DHEA. It is usually measured in the sulfated form,

DHEAS, because the half-life is much longer, resul-

ting in more stable levels. The immunoassay for

DHEAS is relatively stable, gives consistent results,

and is simple to perform. Several companies provide

kits for this clinical assay, and their performance is

generally considered to be acceptable. There is a

consensus that DHEAS does not vary in concentra-

tion within the various phases of the menstrual cycle,

and that it is not bound to SHBG. It also does not

seem to be affected by estrogen therapy at standard

doses.

A number of authors have shown normal, age-related

decline curves for DHEAS, which are all quite com-

patible. If low levels are found, a morning cortisol

level should be drawn to rule out adrenal insufficien-

cy.

e) Summary of androgen measures :

1. Free testosterone and/or bioavailable testosterone

are felt to be most reflective of the hormone avai-

lable to tissues. Free testosterone should be measu-

red by equilibrium dialysis or calculated using the

Sodergard equation from total testosterone, SHBG,

and albumin. Since total testosterone levels play an

important role in determining free testosterone

concentrations in those methods, a reliable total tes-

tosterone assay is essential. None of the direct com-

mercial immunoassays can be recommended for

reliably determining low total testosterone in

women. 

2. SHBG provides additional information regarding

overall androgen exposure, as it is sensitive to total

body androgen status. Low SHBG levels indicate a

considerable increase in risk of androgen excess with

testosterone therapy, whereas high levels indicate a

reduced MCR of testosterone.

3. Serum for testosterone measurement should be

drawn between 8:00 and 10:00, and not during the

early follicular phase in premenopausal women for

either research or diagnostic purposes.

4. There is no established level of free testosterone

below which a woman can be said to be deficient,

nor any level to which a woman should be restored

that determines that she is replete. Such absolute

levels are not likely to be established because of the

large inter-individual variability and the intracrinolo-

gy of androgens in women. 

5. To date a relationship between a specific level of

free testosterone and sexual symptoms has not been

established. The diagnosis of diminished sexual

function due to low testosterone is a diagnosis of

exclusion. In the absence of a reliable free /total tes-

tosterone assay the error of the available assay

should be understood, and the measurement of tes-

tosterone used to exclude women in whom testoste-

rone therapy might be dangerous. Other factors must

be used as guidance such as a low SHBG indicating

increase treatment risk and clinical presentation.

6. DHEAS measurement may help elucidate the

cause of testosterone insufficiency, and should be

measured if treatment with DHEA is considered.

Testosterone levels decline with age prior to meno-

pause [27, 136] but normal ranges for women by

decade have not been established. 

This section summarizes the indications for use and

the safety issues associated with six classes of hor-

monal therapies suggested for treating sexual pro-

blems in women :

-  estrogens, 

-  estrogen-progestin combinations, 

-  progestins,

-  androgens,

-  androgen precursors, and

- miscellaneous hormones (including raloxifene,

tibolone and pheromones).

Distinctions between oral, transdermal and other

routes of hormone administration have been made

VI. HORMONAL THERAPIES FOR

THE TREATMENT OF SEXUAL PRO-

BLEMS IN WOMEN : INDICATIONS

FOR THEIR USE, EVIDENCE OF

EFFECTIVENESS, AND SAFETY

ISSUES
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where possible. In addition to their direct effects, the

influence of estrogens, progestins and SERM admi-

nistration on the endogenous production and binding

of androgens is also considered. A synopsis of the

principle findings of this review is given in Table 4.

1. ESTROGEN THERAPIES

Estrogen therapies include oral, transdermal, subcu-

taneous, intranasal and vaginal preparations of 17-β
estradiol (E2) as well as micronised or esterified

estrogens (EE) and conjugated equine estrogens

(CEE). For sexual problems the most relevant appro-

ved indication for these preparations is the treatment

of vulval and vaginal atrophy and related vaginal

symptoms associated with menopause. All types of

estrogen preparations appear to be effective (level 1-

2) at treating urogenital atrophy, increasing vaginal

glandular secretions, and ameliorating dyspareunia

[137-140] although some disagreement exists as to

the linkage between these three symptoms [141].

Aside from these effects, estrogen therapy does not

appear to be effective for treating decreased libido,

reduced activity and/or orgasmic difficulties [142,

137].

Safety issues with oral and parenteral estrogen

monotherapy include an increased risk of endome-

trial cancer in non-hysterectomized women and

vaginal bleeding [143]. The relationship between

estrogen alone and breast cancer risk remains unclear

in that epidemiological studies do not indicate a link

[144, 145], and the results of the WHI estrogen only

arm are not yet available. Oral but not transdermal

estrogen therapy has been shown to produce dose-

dependent increases in the circulating levels of a

number of hepatic proteins including SHBG, thy-

roxine-binding globulin (TBG), corticosteroid-bin-

ding globulin (CBG), and renin substrate (146). Oral

estrogen increases markers of coagulation activation

(prothrombin fragment 1+2) and lowers anti-throm-

bin activity in postmenopausal women but transder-

mal estrogens do not seem to have any effect on coa-

gulation and fibrinolysis [147]. Most recently SCA-

RABIN and co-workers have shown in the ESTHER

study that oral estrogen users have a 4-fold increased

risk of VTE compared to non users and a 4-fold

increased risk compared to transdermal users. 

The levels of both C-reactive protein and interleukin

-6, circulating markers of systemic inflammation

produced by the liver, which correlate with cardio-

vascular risk, also have been shown to increase

during oral but not transdermal estrogen therapy

[148]. Oral estrogen therapy has also been associated

with an increased risk for cholestasis and gallstones,

and despite beneficial effects on HDL and LDL cho-

lesterol levels is associated with an increase in tri-

glycerides, which may be unfavorable [149]. In

contrast to oral estrogens, transdermal preparations

have minimal effects on lipid parameters but trans-

dermal patches may produce skin irritation in sus-

ceptible individuals [150]. Vaginal administration of

low-dose estrogens may also produce local irritation

but would be expected to cause fewer systemic side

effects than oral or transdermal preparations.

Oral estrogens (CEE and estradiol) have been shown

to reduce free testosterone concentrations by

approximately 60% in postmenopausal women with

intact ovaries, whereas transdermal estradiol has a

much smaller impact on free testosterone [151, 152].

The difference is primarily due to the marked eleva-

tion in SHBG levels that occurs with oral but not

standard dose transdermal estrogen therapy. A secon-

dary factor is that estrogen therapy reduces secretion

of  LH (negative feedback), which in turn reduces the

production rate of androgens by the postmenopausal

ovary [152]. Thus it would seem that the prescription

of oral estrogen therapy should be at the lowest avai-

lable dose to minimise effects on circulating estrone

sulphate and SHBG. Intranasal estradiol is now avai-

lable in Europe and Australia. This form of adminis-

tration takes advantage of the highly vascular nasal

mucosa, with a single spray in each nostril resulting

in a peak level of estradiol after about 10-30 minutes,

returning to 10% of the peak value by 2 hours [153].

Like other parenteral estrogen therapies, intranasal

estradiol does not increase SHBG and does not result

in a high estradiol to estrone ratio [55]. It has been

shown to have clinical therapeutic equivalence to

oral and transdermal estradiol, and to be associated

with significantly lower reporting of mastalgia [55].

2. ESTROGEN-PROGESTIN COMBINATIONS

When estrogen therapy is given to a woman with an

intact uterus a progestational agent should be co-

administered to minimize the risk of developing

endometrial hyperplasia and cancer. This may be

done daily on a continuous-combined (ie daily)

basis, on a sequential (or cyclic) basis for 12 to 14

days of each month, or at less frequent intervals, e.g.,

every 3-4 months (although such “long cycle” regi-

mens have not been FDA approved and remain

controversial). Continuous-combined regimens are

intended to produce a non-bleeding atrophic endo-

metrium, whereas the sequential regimens are desi-

gned to induce predictable bleeding patterns. Oral
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combinations, transdermal combinations and vaginal

combinations involving the synthetic progestins,

e.g., medroxyprogesterone acetate (MPA), norethin-

drone acetate (NETA), and levonorgestrel (LNG), as

well as an oral capsule of micronised progesterone

(MP), are available.

For sexual problems, the treatment of urogenital

atrophy remains the most pertinent indication for

estrogen therapy. When systemic symptoms are

absent this can ideally be administered by a vaginal

preparation alone. Systemic therapy with combined

estrogen-progestin is indicated for women who

require treatment for vasomotor and/or other syste-

mic symptoms. The improvement in well being

achieved by relief of vasomotor and other symptoms

may improve libido in some women and abrogate the

need for further intervention. There is little evidence

that any of the added progestins improves or worsens

sexual problems when given with estrogen [137,

154].

The risk-benefit profile of combined oral CEE-MPA

treatment was recently judged by some, but not all,

to be unfavorable for long term use (beyond 5 years)

on the basis of the Womens Health Initiative study

(WHI), the largest RCT ever conducted on HT [155].

Nominal hazard ratios for oral CEE-MPA treatment,

for which the study was prematurely terminated were

significantly greater than one for breast cancer

(1.26), coronary heart disease (1.29), stroke (1.41)

and pulmonary embolism (2.13) [155]. However

adjusted hazard ratios were only statistically signifi-

cant for an increase in VTE and decrease in fracture

with treatment. At the present time the risk-benefit

ratio for oral CEE monotherapy is still being evalua-

ted in a WHI study of hysterectomized women.

Other oral regimens or parenteral administration of

estradiol alone and/or in combination with proges-

tins may be associated with fewer adverse cardiovas-

cular outcomes than with oral CEE-MPA treatment,

but this requires confirmation [156, 157]. 

The WHI findings of the effects of CEE plus MPA on

health related quality of life (QOL) have recently

been reported [158]. There was a statistically signifi-

cant but not clinically relevant improvement in sleep

disturbance, physical functioning and bodily pain at

one year follow up. The findings were no longer

significant at the three year follow up. There was no

significant improvement in general health, limita-

tions (either physical or emotional) on usual role-

related activity, vitality, social functioning, mental

health, depressive symptoms, or sexual satisfaction.

It is essential to note that the questionnaires used to

evaluate general health parameters and mental heal-

th were completely inappropriate for this population

and sexual satisfaction was evaluated with the res-

ponse to a single question.

In addition WHI was not designed to test the effect

of HT on menopausal symptoms, which plays a large

role in QOL for many peri/post-menopausal women.

The majority of women in WHI were 15 years post-

menopause, only 12 percent had moderate or severe

vasomotor symptoms and the effect on urogenital

symptoms was not assessed. Furthermore, vasomo-

tor symptoms were unlikely to be disabling, as

women were willing to be randomly assigned to pla-

cebo. Among the women with vasomotor symptoms

at one year follow up, 76.7 percent of HT users had

improvement compared with 51.7 percent in the pla-

cebo group (p<0.001). At three year follow up, 71

percent of HT users had improvement compared

with 52.8 percent in the placebo group (p<0.001),

thereby improving QOL. However, this was not

included as a QOL measure in WHI.

The ability of progestins to alter endogenous free tes-

tosterone levels is primarily related to their effects on

SHBG and secondarily to their suppressive effect on

LH [159-161]. The androgenic progestins (LNG,

NETA) partially attenuate the increase in SHBG

associated with oral estrogen [162, 163], whereas

oral MPA has a smaller attenuating effect and oral

MP has virtually no influence on SHBG [164]. Simi-

larly the transdermal administration of progestins

would be expected to have a minimal impact on

SHBG [154]. As a consequence of their effects on

SHBG and LH, free testosterone levels should be

lowest for oral estrogen - MP combinations, higher

for combinations of oral estrogen with MPA, NETA

and LNG (in that order), and highest for transder-

mal/intra-nasal estrogen-progestin combinations.

3. PROGESTIN-ONLY

Natural micronised progesterone taken orally may

induce sedation and undesirable hypnotic effects

[165]. A recently conducted RCT evaluating a non-

prescription progesterone cream (32 mg applied

daily) in 80 postmenopausal women found a minimal

increase in serum progesterone levels and no eviden-

ce of improvement in sexual function after 12 weeks

[166]. There are no reports on the use of oral proges-

terone or other progestins alone for treating sexual

problems in women. A progesterone gel administe-

red intravaginally for systemic delivery has been
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used for luteal phase support in women undergoing

in vitro fertilization [167]. As noted above, oral and

non-oral administration of micronised progesterone

(MP) has not been shown to influence SHBG levels

significantly and should therefore have a minimal

effect on free testosterone levels. Although progeste-

rone is an early precursor in the ovarian biosynthesis

of androgens and estrogens [168], it does not appear

to undergo extensive conversion to either hormone

when administered orally or transdermally. In

contrast the oral administration of the synthetic pro-

gestin NETA has been shown to produce small

amounts of ethinyl estradiol (approximately 6 mcg

per mg of NETA), which is probably of little clinical

significance [169].

4. TESTOSTERONE

As summarized in Table 4, a variety of testosterone

containing preparations are currently being used in

clinical practice or in investigational research proto-

cols for the treatment of sexual problems in women.

These include :

- Testosterone products for men that are used off-

label at lower doses (IM T-esters, T implants, oral

testosterone-undecanoate (TU), transdermal testoste-

rone reservoir patches, and transdermal testosterone

gels),

- An investigational transdermal testosterone

matrix patch designed for women, 

- An investigational testosterone gel for women, 

- Subcutaneous testosterone implants, 

- Testosterone IM depot formulations, 

- Oral methyltestosterone (MT) alone and in com-

bination with esterified estrogens (EE), 

- Compounded MT for topical application, 

- A transdermal testosterone cream available in

Australia, 

- A transdermally absorbed metered testosterone

spray.

In postmenopausal women these preparations are

typically given concomitantly with an estrogen +/-

progestin (as appropriate).

Evidence for the effectiveness and safety of all of

these preparations in women is limited. Distinctions

must also be made between pharmacologic regimens

that produce supraphysiologic testosterone levels (as

determined by the levels of free or nonSHBG-bound

testosterone, not total testosterone) and physiologic

regimens that produce free testosterone levels within

the normal range for healthy young women. It

remains to be established whether improvement in

libido with short term therapy will result in a sustai-

ned improvement or whether long term therapy is

required. If the latter is the case long term safety data

are required before long term therapy can be recom-

mended.

In additional to transdermal T preparations, topical

preparations containing MT and DHT have also been

suggested for use in women, as neither is aromati-

zable to estrogen.

Oral androgen-estrogen combinations of MT and EE

are currently approved for the treatment of vasomo-

tor symptoms in menopausal women who do not

have relief from estrogen alone. Although the FDA

has recently questioned the evidence for the effecti-

veness of the androgen component [170], the MT-EE

combination is presently the only prescription andro-

gen product for women available in the U.S.A. Sub-

cutaneous testosterone implants are approved for

use in women in the United Kingdom.

The safety issues associated with testosterone treat-

ment depend on the dose and hormone levels attai-

ned, the duration of treatment, the type of androgenic

agent and its route of administration. Long term use

of injectable T-esters (in combination with injectable

estrogens) at doses of 150 mg every 2- 4 weeks has

been shown to produce virilization in women (inclu-

ding temporal balding, voice deepening, and clitoral

enlargement) [171]. Other symptoms associated with

exogenous androgen excess include hirsutism, acne,

menstrual disturbances (in premenopausal women)

and polycythemia. In the polycystic ovarian syndro-

me (PCOS), androgen excess is also associated with

abnormal carbohydrate metabolism. However insu-

lin resistance may underlie the etiology of this disor-

der, such that it is inappropriate to extrapolate the

metabolic consequences of PCOS to that of simple

androgen excess. However, there is evidence that

some women with adrenal androgen excess, for

example congenital adrenal hyperplasia, have insulin

resistance. There is no evidence that parenteral tes-

tosterone therapy has adverse cardiovascular effects

[118, 172, 173, 174]. High doses of orally adminis-

tered androgens such as MT and to a lesser extent

testosterone undecanoate may be associated with

hepatoxicity (peliosis hepatis, hepatic neoplasms and

cholestatic jaundice) but this has not been a problem

for lower dose therapy [175]. At lower doses oral

MT reduces the levels of HDL-cholesterol and other

hepatic proteins, including SHBG, TBG and CBG
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[175]. In contrast, transdermal administration of tes-

tosterone at doses comparable to premenopausal hor-

mone production has not been associated with virili-

zation, polycythemia, abnormal carbohydrate meta-

bolism, adverse effects on the liver, or reductions in

HDL-cholesterol and other hepatic proteins in the

published short term studies [90, 91] and longer term

data (up to 12 months) on file from subsequent unpu-

blished studies (Procter and Gamble Study File data

2003) [176]. Although studies of the testosterone

patch have not shown a change in insulin levels, this

needs to be verified in long term studies, as there

may be a duration effect. Two additional larger stu-

dies with the testosterone patch are ongoing.

To date the investigational matrix patches have been

well tolerated locally and local androgenic effects on

the skin have not been reported. In treating preme-

nopausal women the risk of exogenous androgen to a

fetus is a separate and genuine concern. However

virilization of a female fetus does not appear to be

tightly correlated with maternal testosterone levels,

with the occurrence limited to women exhibiting

masculinization [177, 178]. 

Nonetheless treatment of any women who have the

potential to become pregnant should involve reliable

contraception and extremely cautious monitoring.

Although not well documented, genital application

of topical androgens may cause clitoral enlargement.

While a theoretical risk of testosterone therapy is its

potential conversion to estradiol, this has not been

demonstrated.

5. ANDROGEN PRECURSORS

In the U.S. oral formulations of the androgen precur-

sors DHEA and A'dione are both available without

prescription as “dietary supplements”. In pharmaco-

kinetic studies a 50 mg dose of DHEA administered

orally to elderly women elevated serum testosterone

levels by approximately 1 nmol/L (28 ng/dL) [179],

comparable to the increment seen with 150 mcg/day

testosterone patches [152]. 

The corresponding increments in E2 and E1 levels

were approximately 25 pmol/L (6.8 pg/mL) and 100

pmol/L (27 pg/mL), respectively. Vaginal and topical

administration of DHEA to women has also been

shown to increase testosterone levels appreciably

[180, 181]. In comparison, 100 mg of A-dione admi-

nistered orally to women raised testosterone levels

by approximately 3.5 nmol/L (100 ng/dL) in one

study [182] and by more than 25 nmol/L (720 ng/dL)

in another [183] ; the latter corresponding to the

upper normal range for men. The disparity in results

could reflect differences in the purity and formula-

tion of the A-dione products used in the studies.

Safety issues for oral DHEA are similar to MT and

include acne, hirsutism, possible hepatotoxicity, and

a reduction in HDL-cholesterol and other hepatic

proteins (including SHBG) [70, 73].

Transdermal and vaginal administration would be

expected to have fewer hepatic effects. In view of the

markedly supraphysiologic testosterone levels attai-

ned with A'dione the risk for virilization during chro-

nic use in women is considerable [183].

Androgen precursors are also estrogen precursors

and thus may raise both testosterone and estradiol/

estrone levels. There are insufficient data to support

their use for the purpose of managing female sexual

dysfunction.

6. MISCELLANEOUS HORMONES

Raloxifene is primarily used for the prevention of

bone loss in postmenopausal women. It appears to

have neutral effects on sexual function. The safety

issues of raloxifene are reviewed elsewhere [184].

Tibolone is in widespread use outside the USA for

the symptomatic management of postmenopausal

women. It is not known whether the positive effects

of tibolone on sexual function level (2-3 evidence)

are a consequence of its effects on lowering SHBG

and increasing endogenous free testosterone levels

[100]. The primary concern with tibolone is a reduc-

tion in HDL-cholesterol (and other hepatic proteins).

Increased risks for cardiovascular disease and breast

cancer with tibolone have not been demonstrated,

but these are the subject of ongoing research [185].

A putative female pheromone, applied as a perfume,

has been evaluated for its effects on sexual behavior

in a placebo-controlled RCT of 36 healthy young

sexually active women [186]. After 6 weeks of maxi-

mal use, the pheromone group reported significant

increases in the frequency of intercourse, sleeping

next to a partner, and erotic kissing. It was concluded

that the pheromone increased the sexual attractive-

ness of women to men. No safety issues were repor-

ted.
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Based on a systematic review of the clinical trials

evidence of hormonal therapies for treating sexual

problems in women, we conclude the following:

1. THE DECISION TO INSTITUTE ANY HORMO-

NAL THERAPY MUST BE INDIVIDUALIZED AND

THE PATIENT ADEQUATELY INFORMED ABOUT

RISKS AND BENEFITS. GRADE A

2. SPECIFIC THERAPIES :

a) Vaginal estrogen preparations are effective and

generally safe for ameliorating urogenital atrophy

and can improve vaginal lubrication and reduce dys-

pareunia. Grade A

The risk of endometrial stimulation with vaginal

estrogen preparations while uncommon appears to

be related to the dose and estrogen type used.

b) Systemic estrogen/estrogen progestin therapy

alleviates vasomotor and other menopausal symp-

toms, but are only indicated in symptomatic women

Grade A

Oral estrogen increases the risk of VTE in the initial

years of use Grade A. Parenteral therapy appears to

have less risk for VTE although this requires confir-

mation Grade B.

A set regimen of oral CEE+MPA is associated with

an increase in breast cancer risk beyond 5 years use

Grade A however it remains unclear whether oral

estrogen alone, other oral estrogen -progestin regi-

mens (including lower doses, non oral estrogen +/-

progestin therapy or tibolone convey this risk Grade

B-C.

Oral CEE+MPA is associated with an increase in

cardiovascular events in the first years of use and this

risk wanes over 4 years Grade A. Other estrogen

regimens and modes of administration and other ste-

roids (tibolone) do not necessarily convey the same

risk Grade B.

c) Progestins appear to have little impact in either

direction on the urogenital effects of estrogen, and

have no proven benefit on other aspects of sexuality

when given alone Grade B

d) There is increasing use of estrogen +/- progestin

therapy after breast cancer. Although there is no evi-

dence that hormone therapy increases either recur-

rence or mortality from breast cancer Grade B, this

therapy should be limited to moderate to severely

symptomatic women, as for any therapy requires

informed patient consent, and management of the

patient should be in partnership with the physicians

monitoring the woman's cancer.

Based on the available information it is not possible

to recommend use of, or avoidance of specific estro-

gen+/- progestin therapies, as availability varies

considerably between countries, as does the prefe-

rence of women and the cost. It could generally be

recommended that the minimal dose that alleviates

symptoms and avoids side effects should be prescri-

bed, and that careful attention to cardiovascular,

thrombotic and breast cancer risk and thorough exa-

mination should be undertaken before any treatment

is prescribed.

e) Testosterone, and its derivatives, appear to be use-

ful in the short term for increasing libido, arousal and

orgasm in oophorectomized women already treated

with systemic estrogen Grade A. There is some, but

less data from RCTs for use in naturally menopausal

women, but as the latter have similar testosterone

profiles to oophorectomized women when treated

with estrogen, they can be considered a continuum of

the same physiological state. Given the intracrinolo-

gy of androgen action clinical outcome is difficult to

predict from blood levels alone even if superior

assays are available.

f) Long term safety data for testosterone therapy is

lacking and long-term safety of exogenous testoste-

rone in women requires study before long term use

can be recommended.

g) Safety data for the use of testosterone in non estro-

gen replaced postmenopausal women is lacking 

h) Further data on the use of testosterone in preme-

nopausal women is required. 

i) Achieving physiological free testosterone levels by

transdermal delivery appears to be the best approach

for minimizing the adverse effects of androgens

Grade D. Contraindications to testosterone therapy

include androgenic alopecia, seborrhea or acne, hir-

sutism, pregnancy, lactation as well as a history of

polycystic ovary syndrome Grade C-D. Androgen

therapy is relatively contraindicated in women with

hyperlipidemia or liver dysfunction Grade C-D. The

safety of androgen therapy in wome with or at high

risk for CVD, VTE or breast cancer is uncertain.

VII. CONCLUSIONS AND

RECOMMENDATIONS
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Based on available data no specific testosterone the-

rapy or dose can yet be recommended.

j) The current evidence for the effectiveness of

androgen precursors (DHEA and A-dione) is incon-

clusive Grade B. DHEA appears to be less likely to

cause virilizing side effects than A-dione Grade D.

k) Raloxifene appears to have no adverse or benefi-

cial effects on sexual function in postmenopausal

women Grade B.

l) Tibolone may be an alternative to estrogen-andro-

gen therapies for treating sexual problems in post-

menopausal women Grade C. Further RPCT of the

effects of tibolone on sexual function are required.

3. CLINICAL CARE : EXPERT OPINION BASED

ON FINDINGS FROM VARIOUS STUDIES AND

UNDERSTANDING OF HORMONE PHYSIOLOGY

AND PATHOPHYSIOLOGY :

· Any woman treated with hormonal therapy requires

ongoing monitoring which should include regular

breast and pelvic examination, mammography and,

in the presence of abnormal bleeding, endometrial

biopsy.

• When testosterone is administered, continuation

for longer than 6 months should be contingent on

a clear improvement in sexual function and satis-

faction. The clinician should be mindful of the

substantial placebo effects found in all studies to

date.

• Physical examination at follow-up visits should

include inspection of skin and hair for seborrhea,

acne, hirsutism and androgenic alopecia. These

may appear very gradually, even after a year or

more of treatment.

• Laboratory monitoring should include free/bio-

available testosterone levels and SHBG with the

goal of keeping these values at least within the

normal range for premenopausal women to redu-

ce the likelihood of side effects. Whether in fact a

target level for older women should be even lower

remains a matter requiring clarification.

• Although no adverse effects on lipids have been

found with short term parenteral therapies, a lipid

profile, and, in the presence of a family history of

diabetes or significant obesity, fasting insulin and

glucose levels should be considered. 

• Additional biochemical investigations such as

liver function tests, should be based on clinical

judgement.

· Hormonal influences on female sexual function

requires further investigation including validation of

efficacy of testosterone therapy in RPCTs and resear-

ch into mechanisms of effects

· The characteristics of female androgen insufficien-

cy syndrome require further validation

· Improved methods for total and free testosterone

measurement in the female range are urgently nee-

ded with an emphasis on methodology that can be

put to routine use.

· Normal ranges for the various androgens in women

by decade and ethnic background need to be establi-

shed : this is currently being addressed in a large

cross-sectional study being conducted in Australia.

· Preparations of testosterone specifically designed

for use in women are required

· Long-term safety of exogenous testosterone in

women requires study before long term use can be

recommended, specifically, the incidence and severi-

ty of effects on hair and skin need to be assessed by

more sensitive measures, and their relation to testos-

terone preparation and dose needs to be determined.
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Table 1. Female Androgen Insufficiency Syndrome: propo-

sed pattern of clinical symptoms and signs of in presence of

decreased bioavailable testosterone and normal estrogen

status (92)

Clinical symptoms

• decreased libido, sexual receptivity, and pleasure

• low energy - persistent, unexplained fatigue

• dysphoric mood 

• diminished psychological well-being 

• blunted motivation

Clinical signs

• decreased bone density

• decreased muscle mass and strength

• adipose tissue redistribution

• decreased sexual hair 

• changes in cognition or memory

Table 2. Causes of low bioavailable testosterone in women

Normal aging

• Symptomatic pre/postmenopausal women with low bio-

available testosterone

Ovarian insufficiency

• Uni/bilateral oophorectomy

• Hysterectomy

• Premature ovarian failure

• Post chemo/radiotherapy

Adrenal insufficiency

• Adrenal failure/surgery

Combined

• Hypopituitism

Iatrogenic -

• Treatment with exogenous oral estrogen 

• Chronic glucocorticosteroid therapy

Table 3. Basic biochemical investigations for women presenting with low libido

General:

• TSH, iron stores

Specific:

“Premenopausal” and amenorrhea:

• Estradiol + FSH ( for diagnosis of hypothalamic amenorrhoea / premature ovarian failure)

• Prolactin

Androgen profile:

• SHBG

• Free testosterone by equilibrium dialysis ( gold standard)

OR

Total testosterone after organic solvent extraction and calculation of free testosterone*

OR

Total testosterone by RIA (with awareness of limitations) and calculation of free testosterone*

• DHEA-S 

• Early morning cortisol : if adrenal insufficiency suspected

* calculated by Sodegard equation
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More than one author has commented on the exten-

sive literature that exists about the human female

orgasm. It has been discussed from clinical, etholo-

gical, philosophical, physiological, psychological,

sociological and typological perspectives [1].

Symons [2, p. 86] observed that although “the human

female orgasm definitely exists [it] inspires interest,

debate, polemics, ideology, technical manuals and

scientific and popular literature solely because it is

so often absent !” It is clear that natural selection has

not favored females who could orgasm easily, hence

it is not likely an essential feature of the reproducti-

ve process. Even its definition is hard to pin down

because enigmatically it has both nomothetic (the

study or discovery of general laws) and idiographic

(individual's performance) aspects. Because the

exact neural activity of the cerebral neuronal dischar-

ge is so poorly understood, most definitions use

reported or observed physical changes (usually mus-

cular and cardiovascular) with an emphasis that this

is the culmination or most intense moment of sexual

arousal. Levin [3] tabled some 13 definitions by

authors from a variety of backgrounds, and 20 years

later Mah & Binik [4] repeated the exercise with a

doubling of the author definitions. They divided

them into three groups : those primarily with a bio-

logical perspective, those with a psychological one

and those with an integrated biopsychological pers-

pective. The authors still had to conclude that a satis-

factory universal definition of orgasm could not be

accomplished. Considering that the human orgasm is

regarded as the ultimate state of ecstatic feeling

without recourse to drugs, it is remarkable how few

of the definitions incorporated the word “pleasu-

rable”. The more recent reports that women with

complete spinal cord injury (SCI) can experience

orgasm further complicate an all-encompassing defi-

nition of orgasm [5]. A major problem in defining

orgasm is the emphasis that is given to the subjecti-

ve or self-report as opposed to objective physiologi-

cal signs. Despite all these difficulties, it is useful to

devise at least an operational definition for women's

orgasm, thus:

“An orgasm in the human female is a variable, tran-

sient peak sensation of intense pleasure, creating an

altered state of consciousness, usually accompanied

by involuntary, rhythmic contractions of the pelvic

striated circumvaginal musculature, often with

concomitant uterine and anal contractions and myo-

tonia that resolves the sexually-induced vasoconges-

tion (sometimes only partially), usually with an

induction of well-being and contentment”.

Typologies of orgasm intriguingly only exist for

women ; those for men have not been explored even

though some therapists have suggested that they

exist [6]. Most of the typologies [7] are from self-

reported perceptions of women distinguishing orgas-

mic sensations induced by clitoral stimulation

(warm, ticklish, electrical, sharp) from those obtai-

ned by vaginal stimulation (throbbing, deep, soo-

thing, comfortable). A frequently quoted typology is

that of Singer [8, pp. 72-73], a philosopher with no

experience of laboratory studies, but who analyzed

the descriptions of orgasms from a limited literature

and characterized three : 

1. “vulval”, rhythmic contractions of the vagina acti-

vated by either clitoral or coital stimulation,
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2. “uterine”, no vaginal contractions but accompa-

nied by apnoea and gasping activated during coi-

tus alone and largely due to penile-cervix contact,

and

3. “blended”, containing elements of both vulval and

uterine orgasms activated by coitus and accompa-

nied by apnoea.

Great play was made about the importance of apnoea

and especially cervical stimulation. The latter was

not so much about stimulation of the cervix per se,

but rather its displacement by the thrusting penis

causing the uterus to rub against the peritoneum clai-

med by Singer & Singer [9] to be a “highly sensitive

organ”. Unfortunately, the total evidence for this

typology rests on limited scientific observations

obtained in remarkably few individuals [10]. Fur-

thermore, the role of the cervix in a woman's sexual

response (viz uterine orgasm) is unclear. One revie-

wer declared that, depending on the studies cited,

any position can be supported [11], while a more

recent reviewer concluded that evidence for and

against a role of the cervix in orgasm is weak and

that observational studies cannot answer the question

[12]. Another difficulty with this typology is that

according to Ingelman-Sundberg [13], the anterior

vaginal wall acts like a hammock around the urethra,

and during coitus the penis stretches two of its liga-

ments that insert around the base of the clitoris thus

effectively stimulating it during thrusting. If this

mechanism operates in all penile-vaginal coital

penetrations it would create both “uterine” and “vul-

val” stimuli or the so-called “blended” stimulus.

Although Masters & Johnson [14] claimed that all

orgasms in females were physiologically identical

regardless of the source of stimulation, they did not

have the instrumentation to obtain detailed muscular

recordings for possible differences between clitoral

and so-called G-spot (anterior vaginal wall) induced

orgasms. There is now some limited physiological

laboratory evidence that different patterns of uterine

(smooth muscle) and striated pelvic muscular activi-

ty may occur with vaginal anterior wall (G-spot ?)

stimulation as opposed to clitoral stimulation; one

such set of recordings is shown in Levin [10]. The

case for such a dual typology may well be made

more credible by this type of evidence.

Bohlen, Held, Sanderson and Ahlgren [15] characte-

rized the vaginal muscular contractions at orgasm in

their 11 nulliparous subjects into three typologies

which varied greatly in terms of orgasm duration.

The typologies were: those that had regular rhythmic

contractions (mean duration of orgasm 13 seconds),

those that had regular contractions with later irregu-

lar ones (mean orgasm duration 50.6 seconds), and

those that had no regular rhythmic contractions

during their orgasms (mean duration of orgasm 24.4

seconds). To create a muscular typology of such a

range with so few subjects is premature but unfortu-

nately no further studies have been reported. There is

a need for simultaneous recordings of the uterine and

vaginal motility at orgasm in a large sample of

women.

Written descriptions/accounts of orgasms by men

and women with any obvious gender clues removed

could not be differentiated by sex when read by other

men and women [16]. This suggests that men and

women share common mental experiences during

orgasm. Four differences in male and female

orgasms, however, have been proposed :

1. unlike the male, the female can have repeated

(multiple) orgasms separated by very short inter-

vals [14, p. 131]

2. the female can have an extended orgasm lasting

for a long time (so-called “status orgasmus”, [14,

p. 131] ),

3. there are differences in the recorded pattern of pel-

vic muscular contractions ; specifically, men have

a divided rhythmic pattern not seen in women

[15], and

4. once the male orgasm is initiated, its further

expression is automatic even if sexual stimulation

is stopped ; if stimulation is stopped in the middle

of either clitoral-induced or vaginal-induced

female orgasm, the female orgasm is halted [17, p.

121].

It is generally accepted that female orgasms are not

essential for reproduction. Any benefit for various

aspects of female biology is, as of yet, unclear. There

are a number of explanations from the literature

regarding why the human female has orgasms :

1. the reward of intense pleasure for acceptance of

the danger of coitus with its possibility of pre-

gnancy (and of possible death in childbirth)
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2. to end coitus

3. for resolving pelvic vasocongestion/arousal

4. for resolving vaginal tenting (allows the cervix to

enter the seminal pool) 

5. orgasmic uterine contractions may create a pos-

sible sperm upsuck 

6. to create arousal in the male by felt vaginal

contractions on the penis and cause ejaculation

(capturing the semen)

7. for inducing lassitude to keep the female horizon-

tal and thereby reducing seminal “flowback” 

8. because of the difficulty in attaining orgasm (espe-

cially coitus), orgasm acts as a “Mr. Right” indi-

cator and aids the creation of a strong “pair bond”

9. to create the loss of body boundaries and separa-

teness allowing a merger or fusion with the chosen

coital partner

10. to create psychological resuscitation-like an elec-

tric shock redistributing the potentials of the brain

11. to release oxytocin which affects motility of the

uterus and fallopian tubes and possibly to induce

bonding feelings and emotions

12. to release ADH for the possible contraction of

uterine musculature and to inhibit urination and

delay sperm losses from "flowback"

13. for manipulation of the uptake or rejection (flow-

back) of deposited sperm

14. by its activation of muscular contractions and the

concomitant increased blood flow, orgasms main-

tain the functionality of the genital tract [18].

The history of the claimed importance of the female

orgasm to reproduction is full of speculative func-

tions with little or no scientific data for their support.

Orgasmic coitus was said to activate ovulation and

close off the womb to air, thus facilitating conception

[19]. When it was later shown that the human fema-

le was a spontaneous ovulator at mid-cycle uncon-

nected with coitus, the discourse re-focused on the

role of uterine orgasmic contractions in the move-

ment of ejaculated spermatozoa through the cervix

into the uterus and then fallopian tubes. Singer [8], in

the light of his protagonism for his dual typology of

female orgasm (so-called uterine and vulval), publi-

shed an extensive discussion about fertility and the

female orgasm which explored issues of 

1. uterine suction, 

2. extrauterine factors affecting the mechanics of ute-

rine suction (viz vaginal tenting), and 

3. the ejaculatory timing in coitus (i.e., ejaculation

must occur before orgasm to assist sperm trans-

port, but see discussion below, re Baker & Bellis's

[20] proposals). 

It has often been suggested that uterine suction crea-

ted by the contractions of the uterus at orgasm would

facilitate the transport of spermatozoa into the uterus

and then to the fallopian tubes. Evidence now shows

the fastest transport of spermatozoa into the human

uterus is actually in the sexually unstimulated condi-

tion [21-22]. One essential feature of sexual arousal

of the female genitalia is to create the expansion of

the vagina (vaginal tenting) and elevation of the ute-

rocervix from the posterior vaginal wall to reduce the

possibility of the rapid entry of ejaculated spermato-

zoa into the uterus. This gives time for the initiation

of the decoagulation of the semen and the capacita-

tion of the spermatozoa to begin, and it reduces the

chance of incompetent sperm being too rapidly trans-

ported into the fallopian tubes. The female orgasm,

by dissipating arousal and initiating the resolution of

the tenting, will in fact allow the earlier entry of the

spermatozoa into the cervical canal and their subse-

quent rapid transport to the fallopian tubes, although

there is some evidence that the motility of the uterus

is reduced after sexual arousal and orgasm [see 21].

Not experiencing orgasm during coitus may thus

have a reproductive utility unrealized by previous

authors.

Another suggested reproductive function of female

orgasms, initiated either from coitus or masturbation,

is their use by women to manipulate the ejaculate in

the vagina [20, 23]. This highly contentious claim is

based on the amount of “flowback” (semen/fluid)

lost from the vagina. According to these authors, the

amount of flowback containing spermatozoa varies

exquisitely with the precise timing of the female

orgasm in relation to the time of deposition of the

ejaculate into the vagina. Low sperm retention was

said to be associated with female orgasms earlier

than one minute before vaginal deposition while

maximum retention was claimed with orgasms from

greater than 0 to 1 minute after deposition. If orgasm

occurred earlier than 1 minute before the ejaculate,

deposition sperm retention was the same as when

there was no orgasm. According to Baker and Bellis

[20] the effect of orgasm on sperm retention lasts

only for the period of one minute before semen depo-

sition and up to 45 minutes later. During the period

when the seminal fluid was coagulated (15 minutes),
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orgasms have a significantly reduced effect on sperm

retention. These complicated scenarios for the effects

of female orgasm on sperm retention still depend on

a contractile uterine “upsuck” sperm mechanism.

During orgasm, the cervix “searches and dips” into

the seminal pool, and the orgasm-induced move-

ments either facilitate the dipping, and/or the mixing

of the cervical mucus with the pool and/or increase

the time that the cervix is in the pool. 

The coital scenario previously described [18, 21]

where “vaginal tenting” removes the cervix from the

seminal pool, thus delaying the uptake of sperm in

order to allow the initiation of its liquefaction and the

capacitation of the sperm, contrasts dramatically

with the above hypothesis of Baker and Bellis. The

crucial factor is the presence or absence of vaginal

tenting. Masters & Johnson [14, pp. 113-114] repor-

ted it is only absent in women with retroverted or

retroflexed positioned uteri but Singer [8] speculated

that it may not occur in either his “uterine” or “blen-

ded” orgasm. The only evidence for this speculation

is a preliminary report by Perry & Whipple [24] who

claimed that “tenting never occurred in response to

Grafenberg (G-spot) stimulation”. It led to a “direct

descent of the uterus and places the cervix immedia-

tely and directly into the seminal pool, where it may

facilitate conception”. So-called “uterine” orgasms

in Perry & Whipple's preliminary analysis would

facilitate conception while “vulval” ones would not.

The cervical disposition created by the former

orgasm would allow rapid sperm entry before capa-

citation had been initiated and thus facilitate the ute-

rine/tubal entry of sperm incompetent to fertilize.

Ultrasound imaging of face-to-face coitus did not

show penile cervical contact [25] as would be expec-

ted if Singer's “uterine” orgasm were to be induced

while the recent imaging by MRI of the relationships

between the penis, cervix and the uterus during coi-

tus and masturbation has confirmed the concept of

vaginal tenting in a relatively small number of

couples [26-28]. It is thus likely that tenting occurs

in face-to-face coitus and that its effect on fertiliza-

tion is positive [18, 21]. It is clear that more MRI

scans of human coital activity are needed to confirm

this definitively.

A less controversial claim of one of the functions of

orgasm to aid in the reproductive process is that if

the female allows the expression of orgasm during

coitus, its contractions of the vagina can excite the

male ejaculate thus allowing the female to capture

the sperm of her chosen inseminator. Orgasm

increases the secretion of prolactin. If this increased

secreted prolactin in plasma is able to enter into the

vaginal, cervical or uterine fluids, it might be a fac-

tor in influencing the entry of calcium into the sperm

as it acts as a physiological ionophore. This action

could play a role in the activation of spermatozoa in

the female tract [29]. Finally, one area of the putati-

ve involvement of orgasm in reproduction that is

generally not discussed is its use to induce and

encourage the first stage of or to relieve the pain of

childbirth [30]. Some women have spontaneous

orgasms during the passage of the fetal head through

the vaginal canal, probably through the stretching

activation of the cluster of erotic sites along the ante-

rior vaginal wall.

Orgasm is a subjective experience accompanied by a

number of physiological body changes. The degree

to which these changes vary between individuals is

not known. Males have little difficulty in identifying

orgasm because although orgasm and ejaculation are

created by distinct mechanisms (see [22] for refe-

rences), it is rare for the former not to accompany the

latter. In women, the achievement of orgasm appears

to be less facile than for males and recognizing that

it has occurred can be difficult for some. Thus, just

asking previously anorgasmic subjects whether or

not they experienced an orgasm after a treatment or

therapeutic session is somewhat unreliable. An

objective indicator(s) that an orgasm has occurred to

confirm or inform any subjective report would be of

real clinical and therapeutic value. 

Objective indicators of orgasm have been sought

after for many years often with little regard for their

utility in the clinical context. Kinsey, Pomeroy, Mar-

tin & Gebhard [31] proposed “the abrupt cessation of

the ofttimes strenuous movements and extreme ten-

sions of the previous sexual activity and the peace of

the resulting state” as the most obvious evidence that

orgasm had occurred and of identifying it in the

human female. Masters & Johnson [14] described

the onset of orgasm as a “sensation of suspension or

stoppage”. Clearly, however, the indicator must

involve a body change that is unique to orgasm,

which rules out simple measures like peaks of blood

pressure, heart and respiratory rates or even a naïve

subject's own vocalizations indicating it is impen-

ding or is occurring because such peaks can arise

B. OBJECTIVE SIGNS OF

ORGASM
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even if no orgasm occurs. Remarkably, most of the

so-called objective indicators of female orgasm rely

on the original, nearly 40-year old observations and

descriptions of Masters & Johnson [14]. They are of

three types : prospective- those indicating an impen-

ding orgasm, current- those occurring during the

actual orgasm, and retrospective- those indicating

that an orgasm has occurred : they are listed in Table

1 and described in detail below. Surprisingly, even

such a simple classification system has its problems

as it is possible to place some of the indicators in

either the current or retrospective category depen-

ding on the chosen definition of the initiation of the

orgasm. It is unclear whether orgasm should be defi-

ned as starting when the woman first mentally per-

ceives it, or whether it starts when the first physical

manifestation occurs. Kinsey, Pomeroy, Martin &

Gebhard [31] tried to limit the definition of orgasm

to the sudden and abrupt reduction of sexual tension.

The “spasms” into which individuals are thrown was

argued to be the “after effects” of the orgasm while

the “vaginal spasms” were regarded simply as

“extensions of the spasms that may involve the

whole body after orgasms”. Hite [32] also regarded

orgasm as a brief intense feeling followed by

contractions. 

The paired labia minora on either side of the vaginal

introitus are continuous ventrally with the prepuce

and frenulum of the clitoris and join the labia majo-

ra posteriorly. They are composed of adipose tissue,

connective tissue rich in elastic fibers with smooth

muscle fibers and numerous wide veins. The amount

of cavernous tissue present is variable in individuals,

in some it is extensive and in others it is hardly pre-

sent. The tissue is a spongy mass like that of the cli-

toris except that it does not have a capsule around it

and has fewer nerves in the trabeculae. Merkel tacti-

le discs and genital corpuscle (Dogiel/Krause) are

found in the prepuce and ventral part with a rich net-

work of nerves. Free nerve endings (pain ?) lie just

beneath the germinative stratum and Pacinian cor-

puscles (pressure ?), and are frequently noted along

the courses of nerves [33-34]. Numerous eccrine

sweat glands and a few apocrine glands are present.

During sexual arousal, the labia become engorged

with blood and increase in size adding on about 1 cm

to the length of the vagina. According to Masters &

I. PROSPECTIVE CHANGES - LABIA

MINORA COLOR CHANGES

789

Table 1. Characteristic changes that occur during orgasm (mainly from Masters & Johnson, 1966).

Extragenital

Respiration - usually peaks to a maximum at initiation of orgasm (>40/min)

Blood pressure - usually peaks at initiation of orgasm and then decreases (systolic +30-80mmHg, diastolic

+ 20-40mmHg)

Heart rate - usually peaks at initiation of orgasm then decreases  (110-180 beats/min)

Sex flush - superficial maculo-papular (vasocongestive) over epigastrium, anterior chest wall spreading 

to neck and  face has greatest intensity at orgasm

Perspiration - approximately 33% women in back, thighs and chest 

Breasts - No specific change

Nipples - No specific change

Areolae - rapid detumescence of congestion leading to transient corrugation

Myotonia - contractions in neck, face, arms & legs may become spastic, carpopedal spasm

(generalized)

Genital/Pelvic

Clitoris - No specific change

Labia (majora - No specific change

and minora)

Vagina - rhythmic contractions (throbbing) of outer third (orgasmic platform) due to pelvic striated muscle

contractions

Uterus - expulsive contractions of smooth muscle

Rectal sphincter - contractions mirroring vaginal contractions

Cervix - dilation of os immediately after orgasm lasting 20-30 minutes

Hormonal

Anterior pituitary - increased secretion of prolactin

Posterior pituitary - increased secretion of ADH (Vasopressin) and Oxytocin

VIP - increase in plasma VIP



Johnson [14, pp. 41-42], once their initial engorge-

ment has been induced, vivid color changes occur

with further sexual arousal. The color changes were

said to be “clinically pathognomic” of impending

orgasm as the claim was made that “No premeno-

pausal woman has been observed to reach plateau-

phase levels of sexual tension, develop the 'sex skin'

color changes and then not experience an orgasm”.

After the orgasm occurs, the color changes rapidly

within 10-15 seconds, from deep red to light pink. If

the color change takes place and then the sexual sti-

mulus is removed, it rapidly fades well ahead of the

slower loss of the engorgement. No other study has

confirmed these findings despite this highly specific

claim of impending orgasm on the minora labia color

change. In fact, there has been little detailed study of

the minora labia apart from the suggested mecha-

nism by which they become lubricated [35] and that

their increased temperature during sexual arousal has

been used as an objective indicator of arousal [36]

prior to and after orgasm [37]. The color changes of

the labia are presumably due to the changing hemo-

dynamics of the tissue in relation to increased blood

flow, tissue congestion and tissue metabolism (oxy-

gen consumption) indicating the balance between

oxygenated (red/pink) and deoxygenated or reduced

hemoglobin (blue). The blue color of cyanosed

mucous membranes occurs when the absolute

amount of reduced hemoglobin is greater than 5

gms/100 mls blood. The percentage saturation oxy-

genation of the blood (s02) is usually measured by

light absorbancy but no quantitative studies have

been made on the labia minora during sexual arousal.

In the basal state the vaginal surface which has a

very low p02, practically hypoxic [38], rapidly

increases during sexual arousal up to a maximum at

orgasm. Repetition of this study [39] confirmed the

vaginal findings and showed that the labia minora

followed a similar pattern. 

1. VAGINAL RHYTHMIC CONTRACTIONS

The resting vagina is a collapsed tube lined with a

stratified squamous epithelium, approximating an

elongated S-shape in longitudinal section and an H-

shape in cross-section, invested with an outer longi-

tudinal and inner circular layer of smooth muscle. It

is anchored amid a bed of powerful, voluntary, stria-

ted muscles (pelvic diaphragm, consisting of the

pubococcygeus and iliococcygeus muscle) of which

the pubococcygeus has fibers that insert into the

smooth muscle [22, 40]. Balloon recordings of the

pressure inside the vagina show that just before

orgasm is initiated there is a slow increase, probably

due to an increase in tone of these circumvaginal

muscles (Figure 1), although the tone of the vaginal

smooth muscle per se may also be involved. Accor-

ding to Masters & Johnson [14, p. 118], the contrac-

tions recorded in the vagina begin some 2-4 seconds

after the subjective appreciation of the start of the

orgasm. They occur in many pre- and postmenopau-

sal women and are due to the activation of the cir-

cumvaginal striated muscles (especially the pelvic

diaphragm, bulbospongiosus, ischiocavernosus)

which involuntarily contract in 0.8 second repeti-

tions. This squeezes the outer third of the vagina

(designated the “orgasmic platform” by [14]) with

some force that gradually becomes weaker as the

interval between contractions increases.

Contractions were not thought to be the primary ini-

tiator of the orgasmic experience because they began

a few seconds after the woman perceived that

orgasm had started (but see later section on “What

triggers female orgasm ?”). Their number (and

power) varies enormously between individuals and

is obviously dependent on the duration of the orgasm

and the strength of the pelvic musculature. Masters

& Johnson reported that the stronger the orgasm the

greater the number of contractions and, thus, indi-

rectly the longer the duration of orgasm (as each

contraction was approximately 0.8 seconds apart).

However, if the number of contractions and their

approximate duration are multiplied together this

gives an approximate duration of each grade of

orgasm ; “mild orgasms” had an average of 3 - 5

contractions (2.4 to 4 seconds long), “normal” ones

5 - 8 (4 to 6.4 seconds long) while “intense” orgasms

had 8 - 12 contractions (4 to 9.6 seconds long). This

claim and quantification was given without any sup-

porting data. Using physiological (pressure) recor-

dings, there has been difficulty proving any link bet-

ween the contractions and the perceived intensity of

the orgasm [41-42]. The durations of the orgasms

recorded were mean 35.6 seconds (SD 24.5, n= 11)

[15] ; mean = 19.9 seconds (SD= 12, n = 26) [43] ;

mean = 21.9 seconds (SE 6.4, n=9) [42]). Bohlen,

Held & Sanderson [41] reported, in their small group

of subjects, a precise correspondence between the

start of orgasm and the onset of regular “vaginal”

contractions, the end of orgasms and the end of regu-

lar contractions was not observed. In some subjects,

II. CURRENT INDICATORS OF

ORGASM
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the perceived start of orgasm preceded regular

contractions by some 2-4 seconds (see report of [14]

above), in others it coincided with the contractions,

and a further group perceived orgasm followed the

onset of contractions. Some of this variation could

well depend on how accurate and quickly different

subjects can report on their internal states. Contrac-

tions of the pelvic muscles at orgasm can also be

monitored by recording their electromyogram that

was undertaken in the study of Gillan & Brindley

[44] using suction or fine wire electrodes in the cir-

cumvaginal muscles.

Masters & Johnson [14] confidently proposed that

the vaginal contractions would “remove any doubt as

to whether a women is pretending or experiencing

orgasm”, but other authors have noted that not all

women who claim to experience orgasms show these

contractions [3, 15, 41, 45-48]. It is especially inter-

esting to note in this context that Bohlen et al. [15]

stated that although two of their 11 subjects did not

show distinct muscular evidence of orgasm they

were not prepared to conclude that “physiological

characteristics are more valid than self-reported per-

ceptions for identifying orgasm” … “At least until

more data are collected … we will continue our ana-

lyses of physiological changes based on subject's

self-defined orgasms”.

Unfortunately there has been no further detailed ana-

lysis of female orgasms so there is no large body of

subjects who have had their vaginal muscular activi-

ty recorded during orgasm to assess the usefulness of

the original contractile pattern classification. There

has been little or no advance in the area since these

studies in the 80's. The vaginal contractions have

been used to objectively track the attainment of

orgasmic capacity by a single initially anorgasmic

subject [49].

It should also be noted that in the above account of

the muscular activity at orgasm, there is no mention

of the pattern of activity of the involuntary, longitu-

dinal and circular vaginal smooth muscle during

sexual arousal and at orgasm. Indeed, it is not even

known whether they are relaxed, contracted or have

a high tonus. One author has interpreted intravaginal

balloon recordings from one subject as evidence for

an enhanced tonus of the vaginal smooth muscle at

arousal [50]. The slow rise in pressure in the vaginal

lumen shown in Figure 1 may be due to such an

increase in smooth muscle tone rather than that of the

circumvaginal striated muscles; nevertheless, no rou-

tine, simultaneous recordings have been published

with any instrumentation that has definitively sepa-

rated their contractile activity in a series of subjects.

2. UTERINE CONTRACTIONS

In their review on the “after-effects of orgasm”, Kin-

sey et al. [31] commented that studies had shown

that the “upper end of the uterus goes into rhythmic

contractions of considerable frequency whenever

there is sexual arousal”.  Masters & Johnson [14]

however claimed, “Specific uterine patterns do not

develop unless the individual study subject under-

goes an orgasmic experience that is recognizable

both by trained observers and by the individual
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Figure 1 : Recording of changes in vaginal luminal pressure measured by a water-filled balloon (diameter 1.5 cm, length 3.5

cm) during self-induced orgasm by clitoral stimulation. The rise in muscular tone followed by 10-11 individual clonic contrac-

tions is clearly seen.  The upper trace is the ECG recorded by telemetry. The start and finish of the orgasm (from the subject’s

reports) is shown by the two arrows while the subjective grading of the orgasm (on a scale of 1= poor to 5 = excellent) is given

as 4-5.



involved” (pp.116-119). Uterine motility was one of

the physiological measurements that Masters &

Johnson attempted, monitored by “intrauterine and

abdominal electrode placement” (p. 116). Unfortuna-

tely, apart from this phrase, no details of the tech-

nique were ever published so we have no idea of the

exact placement of the electrodes, their type or the

equipment to which they were attached. The one

published orgasmic record from the “intrauterine

electrodes” (p. 117, Fig 8-2) is difficult to interpret,

as it looks more like an increase in tone of the uterus

rather than a series of contractions. Masters & John-

son claimed that the degree of contraction of the ute-

rus paralleled “the study subject's subjective and the

observer's objective evaluations of the physical and

emotional intensity of the orgasmic experience”.

Few other investigators have examined uterine

contractile function at orgasm. Fox, Wolff & Baker

[51] used an intrauterine pressure transducer in a

single subject who had sequentially a non-terminati-

ve and then terminative orgasm in the same sexual

scenario, and uterine (and vaginal) contractions were

recorded during the final orgasm. Caution is warran-

ted in interpreting these conclusions because of the

idiosyncratic orgasmic behavior of the female sub-

ject and the possible artifacts created by the large

size and malfunctioning of the intrauterine transdu-

cer [1]. It has been proposed that orgasmic uterine

contractions are the terminative signal for sexual

arousal in multiorgasmic women [52] but again cau-

tion has been expressed [10]. Too few investigations

have assessed orgasmic uterine contractions to make

such a definitive statement.

3. CONTRACTIONS OF THE ANAL SPHINCTER

While voluntary contractions of the anal sphincter

can occur during sexual arousal and are sometimes

used by women to facilitate or enhance arousal,

involuntary contractions of the anus occur only

during orgasm [14, p. 34]. However, few measure-

ments of anal contractions have been published aside

from Bohlen and colleagues, who created a special

anal pressure-measuring device [53] that could

record the tone and contractions of the anal sphincter

in both sexes during orgasm [15]. They reported that

the anal contractions were synchronized with the

vaginal contractions, yet the waveforms differed

(vaginal = square wave, anal = sinusoidal), and those

of the anus showed greater variability. Despite the

obvious utility of recording the same muscular acti-

vity in both men and women at orgasm, little or no

use has been made of the device since its creation in

the 80's [15]. The genital and extra-genital changes

that occur at or immediately after orgasm are listed

in Table 2.
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Table 2. Extragenital and genital/pelvic changes during female sexual arousal (mainly from Masters and Johnson, 1966);

Extragenital

Hyperventilation - from a basal of 14 breaths/minute to a max of 40

Tachycardia - from a basal of 80 beats/minute to a max of 180

Hypertension - Diastolic blood pressure elevated by 20-80 mmHg, Systolic blood pressure elevated by 

80 - 100mmHg

Sex flush - superficial maculo-papular (vasocongestive) rash initially over epigastrium and anterior 

chest wall then on neck, face and forehead  

Breast engorgement (increase in size)

Areolae engorgement (increase in size)

Nipple erection - elongation + 0.5 -1cm, base diameter + 0.25 - 0.5 cm

Myotonia - elevated tension in muscles (legs, arms, neck, face (grimacing), abdomen)

Emission sounds - sighs, moans, groans, grunts

Pupil dilation

Genital/Pelvic

Labia majora - thins out and flattens against perineum

Labia minora - expands in diameter, color changes, lubrication

Clitoris - tumescence of glans (50% subjects) and shaft, retraction under clitoral hood

Vagina - increases in blood flow, surface pO2, lubrication, Na+ and Cl-, length (+2.5 cm), tenting 

concomitant with  utero-cervical elevation (width +3.75 to 4.25cm)

Uterus - elevation into false pelvis (increase in size?)

Cervix - no specific response



1. AREOLAE CONGESTION AND DECONGESTION

The primary areolae, the usually large pigmented

skin area around the nipple of the breasts, contain the

follicles of Montgomery (small sebaceous glandular

structures), occasional hair follicles, an underlying

network of smooth muscle of interlacing bundles

some 2 mm thick, blood vessels, elastic tissue, mela-

noblasts, Pacinian corpuscles, nerve fibers and a

nerve (sympathetic ?) plexus [54-56]. The neural

basis for areolar sensation was reported by Jones &

Turner [57] to be “typically protopathic or thalamic

in its character. The appreciation of the stimulus of

cotton wool or testing hairs ceases abruptly at the

margin of the specialised pigmented areola area”. A

later study [58] testing the cutaneous sensitivity of

the breasts using Semmes-Weinstein monofilaments

to obtain normal values found that the skin of the

superior quadrant was the most sensitive, the areola

less sensitive and the nipple the least sensitive. All

areas were less sensitive the larger the breasts.

Swelling of areolae with arousal is likely due to both

vasocongeston and smooth muscle contraction. The

volume expansion can become so marked that the

swollen/contracted areolae hide a large part of the

base of the erect nipples making it look like they lose

their erection. At orgasm, the loss of volume is so

rapid that the areolae become corrugated before

becoming flatter. This provides a “visual identifica-

tion of the female orgastic experience” [14]. In the

absence of an orgasm, the areolar detumescence is

much slower and the corrugation does not develop.

There is minimal study of areolar changes as an indi-

cator that orgasm has taken place. Detailed descrip-

tions of pre- and post-orgasmic changes of the areo-

lae have not been fully explored, likely because they

are difficult to monitor either quantitatively or quali-

tatively.

2. ENHANCED POST-ORGASMIC VAGINAL PULSE

AMPLITUDE (VPA)

Recordings of changes in the blood supply to the

human vagina during sexual arousal to orgasm were

made using the photoplethysmographic technique of

Palti & Bercovici [59] with a superior vaginal photo-

plethysmograph created by Sintchak & Geer [60].

Geer & Quartararo [61] were the first to publish

actual records of the vaginal pulse amplitudes (VPA)

of the AC trace of each individual heart beat from

their luminal, free-dwelling, vaginal photoplethsy-

mograph before, at, and after orgasm in seven young

women. Sexual arousal by masturbation caused an

increase in the VPA signal compared to the basal

values in all subjects, but immediately after the end

of orgasm VPA was actually significantly greater

than before orgasm in 5 of the 7 women (71%) and

was not significantly less in the other two. The post-

orgasmic period of maximum amplitude lasts for

approximately 10-30 seconds and then VPA slowly

returns to its basal value (Figure 2). This behavior

has been observed in VPA signals recorded in other

photoplethysmographic studies of orgasm [37, 44,

62-63]. There have been over 50 papers published

using photoplethysmographic recording in the vagi-

na but, unfortunately, these studies never took the

induced sexual arousal to orgasm and beyond.

Because there are so few photoplethysmographic

recordings of the actual pre and post-orgasmic VPA

traces published (less than a dozen), its utility as an

indicator of orgasm in women is unclear. One basic

III. RETROSPECTIVE CHANGES
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Figure 2 : Recordings of vaginal pulse amplitude (VPA) and vaginal blood volume (BV) obtained by a free dwelling luminal

photoplethsymograph for i) basal, non- sexually stimulated trace, ii) BV (10 secs) during clitoral stimulation, iii) VPA during

clitoral stimulation to orgasm and after, iv) BV (10 secs) post orgasm, iv) VPA post orgasm. The start and finish of the orgasm

as reported by the subject is shown by the two arrows and is self-graded 2-3 on a scale 1= poor to 5 = excellent. The transient,

enhanced, immediate post orgasmic VPA signal is clearly seen. 



disadvantage in photoplethysmographic recording

during orgasm using luminal free-dwelling instru-

ments is that in many subjects the vaginal motility

and orgasmic contractions can create severe move-

ment artifacts in the records and make interpretation

of the VPA signals extremely difficult. However, the

development and exploitation of a suction photo-

plethsymograph [3] that is attached to the vaginal

wall and thus moves with the wall would overcome

such difficulties and allow interpretable recordings

to be taken throughout orgasm. Contemporary col-

lection and computerized processing of the VPA data

also uses relatively long time periods (1 - 3 minutes)

during an experiment. Given the effect is transient

and usually only lasts for up to 30 seconds, the res-

ponse can get lost when calculating overall mean

amplitudes. Visual inspection of the data is essential.  

3. RAISED PROLACTIN PLASMA LEVELS AFTER

ORGASM

Prolactin is a hormone secreted by the lactotrophic

cells of the anterior pituitary gland. Its sequence of

199 amino acids was identified in 1969 [64] and was

primarily thought to regulate lactation as early as the

1920's. Since its sequencing, prolactin has been

shown to be involved in a huge variety of actions

involving over 300 functions and is known to be pro-

duced or stored in a variety of cells. Its release from

the pituitary lactrotrophs is unusual in that it is under

tonic inhibitory control by the hypothalamus prima-

rily via the neurotransmitter dopamine, although

other substances and hormones can inhibit (e.g.,

Somatostatin, Endothelin, Acetylcholine) or facilita-

te (e.g., VIP, Oxytocin, TRH) its release [65]. Pro-

lactin acts on the hypothalamic dopamine neurons to

create a negative feedback loop to control its own

release, similar to the other anterior pituitary hor-

mones. The receptors for prolactin action are distri-

buted in a variety of tissues (e.g., skin, bone, liver,

male and female reproductive organs), but those of

essential relevance are in the central nervous system

(hippocampus, cortex, amygdala, hypothalamus) in

areas known to regulate sexual behavior. A central

role for prolactin in modulating sexual behavior and

function in animals and in humans is now accepted.   

Studies by Exton and colleagues have reported that

prolactin secretion is not activated by sexual arousal

per se but is specifically activated and doubled in

plasma concentration by orgasm, whether generated

by masturbation or coitus. This elevation occurs

directly after orgasm and is maintained for approxi-

mately 60 minutes. Apart from its claimed indicator

function for orgasm, the authors proposed that it also

acts as a feedback control of sexual drive probably

inducing its inhibition (refractory period), especially

noted in the male after ejaculation and orgasm [65].

Females, of course, do not appear to have this refrac-

tory period after only one orgasm and can often

undergo a whole series before satiation occurs [14].

If prolactin is the orgasmic-linked “off” switch for

sexual arousal in men, why does it not act similarly

in women ? Less well known, prolactin can also be

released by tactile stimulation of the nipples in both

women and in men especially when they are sexual-

ly aroused [66-67]. Thus, increase in prolactin secre-

tion may be a retrospective signal that orgasm has

indeed taken place. Its great disadvantage is the

intrusiveness of its measure-it needs the pre-inser-

tion of a butterfly cannula into a vein so that repea-

ted venous samples can be withdrawn. Further stu-

dies need to be undertaken to see whether prolactin

concentrations in other more easily accessible body

fluids such as saliva, vaginal or cervical fluid or

urine could be used  (Table 3).

4. THE FEMALE PROSTATE, FEMALE EJACULA-

TION, AND THE G-SPOT

In all the areas related to female sexuality, perhaps

none have been surrounded with more aura than the

concept of the G-spot [47] (named after Grafenberg

who reportedly first anecdotally described the phe-

nomenon [68]). Unfortunately, the popularization of

this concept appears to have clouded our ability to

make an accurate determination of its existence. To

follow is a critical discussion of the scientific evi-

dence for the female prostate, female ejaculation,

and the G-spot.

Anatomic evidence from multiple autopsy studies
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Table 3 . Objective indicators of female orgasm.

Prospective (indicating impending orgasm)

i) labia minora color changes

Current (occurring during actual orgasm)

ii) vaginal rhythmic contractions

iii) uterine contractions

iv) contractions of anal sphincter

Retrospective - (indicating an orgasm has occurred)

v) areolae congestion and decongestion

vi) enhanced post-orgasmic photoplethysmographic VPA

vii) raised prolactin plasma levels



has demonstrated the presence of paraurethral glands

[69-72]. In addition to the presence of these glands,

histochemical evidence of prostatic acid phosphatase

has been documented [70-71]. These reports provide

strong evidence for the existence of periurethral

glands in the female and for the presence of prostatic

acid phosphatase. They also lead to the question of

female ejaculation, and whether women expel fluid

from their urethra concomitant with orgasm from G-

spot stimulation, and what the components of this

fluid are. 

After the popularization of the term G-spot, a num-

ber of questionnaire studies reported that a signifi-

cant number of women have acknowledged that they

expelled fluid through their urethra at the time of

orgasm [73-75] but these reports were anecdotal and

did not provide any evidence of the source of fluid.

Additionally, the reports were often preceded by the

women hearing or being educated about the topic

before they gave report of their own situations. This

may have provided a suggestion to women that the

correct answer was to say that they did ejaculate.

There is essentially no scientific evidence to support

the belief that women ejaculate with a fluid distin-

guishable from urine at the time of orgasm [77].

Laboratory studies [68, 77-79] have not revealed

consistent evidence for any anatomical structure or

“spot” on the anterior vaginal wall apart form the

known paraurethral glands and spongiosal tissue

around the urethra which could create sexually plea-

surable sensations when stimulated.

5. WHAT TRIGGERS WOMEN’S ORGASM ?

Women's orgasms can be induced by erotic stimula-

tion of a variety of genital and non-genital sites. The

clitoris and vagina (especially the anterior wall inclu-

ding Halban's fascia and urethra) are the most usual

sites of stimulation, but stimulation of the periure-

thral glans [10], breast/nipple or mons ([14, p. 54;

66]), mental-imagery or fantasy [14, 80] or hypnosis

[1] have also been reported to induce orgasm.

Orgasms have been noted to occur during sleep in

the able-bodied [31, 81-82], hence consciousness is

not an absolute requirement. Rare cases of so-called

true “spontaneous orgasm” have been described in

the psychiatric literature where no obvious sexual

stimulus can be ascertained [83] and which are diffe-

rent from the not uncommon “hyperesthesia sexua-

lis” (orgasm following an extremely variable group

of tactile, visual, auditory stimuli).

Exactly what initiates the orgasm has been a topic of

discourse and speculation for many years. Four pseu-

do-neurophysiological models have been proposed.

Sherfey's [84] model was based on the firing of stret-

ch receptors in the pelvic striated muscles activated

by the pelvic engorgement which initiated a spinal

reflex. In Kaplan's model [85] the clitoris was the

source for the sensory impulses activating the reflex.

Mould's contribution [86-87] was to combine the

Sherfey and Kaplan models and incorporate the

gamma biasing of the muscle spindle of the striated

musculature, which would then allow the generation

of their clonic reflex contractions. Mould's hypothe-

sized trigger was the dynamic stretch of the intrafu-

sal fibers of the pelvic striated muscles via the alpha-

fusimotor systems. 

Davidson's model based on male ejaculation/orgasm

[52] was grandly called the “Bipolar hypothesis” but

it was in fact a “dual bipolar hypothesis”. In brief, he

proposed that when sexual arousal reached a critical

level, a hypothetical central “orgasm centre” with

upward links to the cortex and downward links to

activate the smooth and the striated genito-pelvic

musculature was triggered. The neural elements

involved in seminal emission and in female uterine

contractions fired to contract the smooth muscles and

to inhibit arousal, while those involved in the

contractions of the striated muscles caused the sen-

sation of orgasm and its altered state of conscious-

ness. 

A more detailed exposition of the Davidson male

model was attempted by Tuckwell [88] who explai-

ned the well-known refractory period for men after

ejaculation/orgasm by a central build-up of neuronal

extracellular K+. Women do not experience this inhi-

bited arousability after orgasm presumably because

they do not have the male emission/ejaculation

mechanisms. Alternatively, the strong contractions

of the uterus at orgasm are thought to be the compa-

rable terminal event in females [52]. 

A more recent explanation is that the “switch off” is

due to prolactin release. None of the models of

orgasm initiation appear satisfactory [89]. While no

new definitive mechanism(s) with laboratory-backed

data has yet emerged, comparing brain imaging

during female sexual arousal without orgasm [90-91]

to brain imaging at orgasm offers at least the possi-

bility of seeing whether there are any areas of the

brain specifically involved in generating the orgasm.
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1. OVERVIEW

Studies of animals have provided some insights into

the CNS control of sexual climax and are often the

only avenue of information about the neural func-

tions that coordinate the complex events leading up

to and following orgasm. This section will first

review the animal models of sexual climax and the

brain areas that control genital reflexes. Because

there has been very little research on genital function

in female animals, studies in males are briefly des-

cribed and comparisons with females are made.

Then, studies of brain imaging during sexual arousal

and orgasm are described and comparisons with the

animal literature drawn. Next, information about

brain disorders in humans is reviewed to provide

insight into the function of relevant brain areas.

Finally, brain areas that may mediate the inhibitory

effects of antidepressant and antipsychotic medica-

tion are discussed, as well as the beneficial effects of

drug and hormonal treatments.

2. ANIMAL MODELS OF ORGASM

There are a number of physiological markers that

suggest the presence of orgasm in female animals,

including increases in blood pressure and heart rate

and uterine contractions during copulation in female

rats, rabbits, cattle, and monkeys [92]. Much of the

information about the physiological control of

orgasm has come from studies of the urethrogenital

(UG) reflex in male and female rats. This reflex, eli-

cited by mechanical stimulation of the urethra or by

electrical stimulation of certain brain areas, is cha-

racterized by a series of muscle contractions similar

to those of orgasm in humans [93-94]. These

contractions result from the coordinated firing of the

pelvic, hypogastric, and pudendal motor nerves [93,

95]. In female rats this reflex includes rhythmic

contractions of vaginal and uterine musculature as

well as anal sphincter contractions [95].

Both the UG reflex in rats and orgasm in humans are

thought to be controlled in part by a spinal pattern

generator [92, 96-98]. Input to the pattern generator

comes primarily from the sensory branch of the

pudendal nerve; output is sent via pudendal motor

neurons to the ischiocavernosus and bulbocaverno-

sus muscles, the urethral and anal sphinctors, and

striated muscles of the pelvis [99-101] and via hypo-

gastric and pelvic nerves to sympathetic and para-

sympathetic preganglionic neurons.

3. BRAIN AREAS CONTROLLING ORGASM

a) Tonic inhibition of the UG reflex

Animal studies have shown that genital reflexes are

under tonic inhibitory control by the nucleus paragi-

gantocellularis (nPGi) in the ventrolateral medulla. A

majority (78%) of nPGi axons that project to the

lumbosacral spinal cord contain serotonin (5-HT)

[102], suggesting that the lumbosacral cord may be

one site at which antidepressants of the selective

serotonin reuptake inhibitor (SSRI) class act to inhi-

bit orgasm in humans.

b) Excitatory influences on the UG reflex

The medial preoptic area (MPOA) is a major inte-

grative site for the control of both male and female

sexual behavior (reviewed in [103]). Electrical or

chemical stimulation of the MPOA of anesthetized

male or female rats elicited the UG reflex in the

absence of genital stimulation and without spinal

transection or lesions of the nPGi [92, 104]. Electri-

cal stimulation also significantly decreased vaginal

vascular resistance (increased engorgement) in anes-

thetized female rats and increased their blood pres-

sure [105]. Thus, both sympathetic and parasympa-

thetic influences were produced by MPOA stimula-

tion, in accord with the integrated nature of the arou-

sal and orgasmic response. In addition, one group of

MPOA neurons fired during proceptive behavior of

female rats and a different subset was active during

lordosis [106]. Therefore, different neurons within

the preoptic area appear to promote the female's

sexual motivation and her receptive posture. 

The MPOA does not send axons directly to the spi-

nal cord but connects with the nPGi [107], which it

presumably inhibits. In addition, the MPOA has reci-

procal connections with the paraventricular nucleus

(PVN) of the hypothalamus and the periaqueductal

gray (PAG) of the midbrain [107-108]. The PVN is

an integrative site for the sympathetic nervous sys-

tem [109]. It also contains neurons that release oxy-

tocin into the general circulation via the posterior

pituitary and that project to the lumbosacral spinal
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cord of male and female rats [110] and to the hippo-

campus [111]. Systemic oxytocin stimulates smooth

muscle contractions, including those of orgasm. 

The PAG consists of columns that subserve autono-

mic functions, pain perception, and female rat sexual

behavior [112]. It receives input from the MPOA and

from the area of the spinal cord in which the puden-

dal and pelvic nerves terminate [113], and it sends

output that ultimately reaches the clitoris and penis

[114-115]. The PAG also sends presumably inhibito-

ry input to the nPGi [116]. Thus, the MPOA can inhi-

bit the nPGi both directly and via its outputs to the

PAG. 

4. AN ORGASM-RELATED CIRCUIT

The first study of brain activation in women during

sexual arousal used blood-level-dependent functio-

nal magnetic resonance imaging (BOLD fMRI)

during erotic or neutral visual stimuli [91]. All six

women reported moderate sexual arousal in respon-

se to the erotic film, but not to the neutral film. Areas

of greatest activation included the inferior temporal

lobe, anterior cingulate gyrus, insular cortex, corpus

callosum, thalamus, caudate nucleus, globus palli-

dus, and inferior frontal lobe. These areas are similar

to those previously reported to be activated in men,

although the men showed primarily unilateral activa-

tion [117].

A second study using BOLD fMRI compared activa-

tion in 20 female and 20 male undergraduates who

were presented visual erotic or neutral stimuli [91].

Male students reported greater sexual arousal in res-

ponse to the erotic film than did female students.

Both male and female subjects showed increased

bilateral activation in five cortical areas: the medial

prefrontal cortex, the orbitofrontal cortex, the ante-

rior cingulate cortex, the insular cortex, and the occi-

pitotemporal cortex. In addition, both sexes showed

bilateral activation of the amygdala and the ventral

striatum. However, only males showed significant

activation of the hypothalamus and the thalamus,

although there was a nonsignificant trend toward

activation of the hypothalamus in women. The only

significant sex difference in activation was in the

hypothalamus. However, when perceived sexual

arousal was used as a covariate, the sex difference in

hypothalamic activation was not significant. Thus,

the lower level of perceived arousal in women was

associated with lower hypothalamic activity. Several

of the cortical and subcortical areas that were activa-

ted during sexual arousal have been associated with

perception of emotional stimuli. These include the

occipitotemporal (or inferior temporal) area, medial

prefrontal cortex, and amygdala [118-120]. Activity

in both the orbitofrontal cortex and ventral striatum

have been associated with the presentation of

rewards [121]. The anterior cingulate gyrus has been

associated with autonomic and emotional processing

[117] and goal-directed behavior [122].

The first studies of brain imaging (positron emission

tomography, PET, coupled with MRI) during orgasm

in women have recently been reported [123-124].

Two women with spinal cord injury (SCI) above the

10th thoracic segment (T10; i.e., at or above the level

at which the hypogastric, pelvic, and pudendal

nerves enter the spinal cord), as well as one non-inju-

red woman, showed increased activation at orgasm,

compared to pre-orgasm, of the paraventricular

nucleus (PVN) of the hypothalamus, the central (or

periaqueductal, PAG) gray of the midbrain, the

amygdala, the hippocampus, anterior basal ganglia

(striatum), cerebellum, and several regions of cortex,

including the anterior cingulate, frontal, parietal,

temporal, and insular cortices [124]. During self sti-

mulation preceding orgasm, there was significant

activation of the nucleus of the solitary tract (NTS, in

the medulla), which receives sensory input from the

vagus nerve, as well as of somatosensory and motor

cortices, thalamus and sensory areas of the spinal

cord and medulla. Several of the areas activated in

women with SCI have previously been associated

with orgasm, epileptogenic orgasmic auras, or sexual

arousal in humans, including the prefrontal cortex

(especially the right side: see [125]), anterior cingu-

late cortex [126], amygdala [126-129], and temporal

and insular cortex [129].

A comparison of the areas activated by orgasm [124]

with those activated during sexual arousal without

orgasm [90-91, 124] reveals several differences. The

most important appear to be the activation of the

PVN, the PAG, the hippocampus, and the cerebellum

with orgasm, but not with visual erotic stimuli. The

PVN, as noted above, is an important integrative site

for the sympathetic nervous system and supplies

oxytocin to the peripheral circulation, via the poste-

rior pituitary, and to the lumbosacral spinal cord. The

central gray (PAG) receives and integrates autono-

mic input from the MPOA and PVN and appears to

inhibit the nPGi in rats, thereby disinhibiting sexual

reflexes. The roles of the hippocampus and cerebel-

lum in elicitation of orgasm are unknown (Figure 3).

5. CENTRAL EFFECTS OF DRUGS ON WOMEN'S

ORGASM

a) Serotonin

Selective Serotonin Reuptake Inhibitors (SSRIs) are
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noted for their inhibitory effects on orgasm/ejacula-

tion and libido (reviewed in [130]). However, fewer

inhibitory side effects have been reported with some

antidepressants than with others. For example,

bupropion produced fewer adverse sexual effects in

both men and women than did SSRIs [131-134].

(See Table 4 for a summary of effects on orgasm of

centrally acting drugs.) Bupropion is a weak inhibi-

tor of serotonin and norepinephrine transport and a

more potent inhibitor of dopamine transport, as well

as an agonist at 5-HT1A receptors; both the increase

in extracellular dopamine and the stimulation of 5-

HT1A receptors may explain its lower incidence of

sexual side effects [135]. Furthermore, this profile of

effects suggests a similarity with the facilitation of

ejaculation in male rats and monkeys by 5-HT1A

receptors, rather than the inhibition of the lordosis

posture in female rats by that receptor subtype. Nefa-

zodone also has a lower incidence of sexual side

effects, perhaps because it is a 5-HT2 antagonist, as

well as an SSRI [136-138]. Stimulation of 5-HT2

receptors has been reported to inhibit the release of

both norepinephrine and dopamine from several

brain areas (reviewed in [139] ). Because dopamine

and norepinephrine facilitate sexual behavior (see

below), the increase in serotonergic activity at 5-

HT2 receptors could explain some of the inhibitory

effects of SSRIs on orgasm [139-140]. Moclobemide

(a monoamine oxidase A inhibitor, which would

increase levels of both 5-HT and norepinephrine)

and amineptine (a dopamine transport inhibitor) are

also antidepressants with a lower incidence of anor-

gasmia than the SSRIs [137, 141-142]. Indeed, there

is a single case report of hyperorgasmia in a woman

taking moclobemide [143]. Therefore, the coordina-

ted increases in either norepinephrine or dopamine

appear to offset the inhibitory effects of serotonin on

orgasmic ability.

Noradrenergic activity may also improve the profile

of effects of the antidepressant mirtazapine. It inhi-

bits a2 autoreceptors on norepinephrine terminals

and also a2 heteroceptors on 5-HT terminals [144].

As a result both norepinephrine and 5-HT levels are

increased. It is also an antagonist at postsynaptic 5-

HT2 and 5-HT3 receptors [144]. A prospective, 12-

week, open-label trial with 18 women reported a

48% improvement of ease and satisfaction with

798

Figure 3 : Brain areas that affect orgasm.  The medial preoptic area (MPOA) has reciprocal excitatory connections with the

amygdala (AMYG), which in turn has similar connections with the hippocampus (HIPP). The MPOA also activates the para-

ventricular nucleus of the hypothalamus (PVN) and the periaqueductal gray (PAG, or central gray), but inhibits the nucleus

paragigantocellaris (nPGi) of the medulla, which, in turn, inhibits the orgasm control area in the lumbosacral spinal cord (L-

S CORD).  The PVN sends excitatory oxytocinergic axons to the hippocampus (HIPP), the L-S CORD, and the posterior pitui-

tary (POST PIT); the oxytocin is released from the POST PIT into the general circulation and stimulates smooth muscle.  The

PAG activates components of the sympathetic and parasympathetic nervous systems (SNS, PNS) and also inhibits the nPGi.

Thus, the MPOA, both directly and via the PAG, can inhibit the nPGi, and thereby disinhibit the L-S CORD. The L-S CORD,

the SNS, and oxytocin from the POST PIT trigger striated and smooth muscle contractions and alter patterns of blood flow to

the genitals. In addition, the anterior basal ganglia, cerebellum, and several regions of cerebral cortex (anterior cingulate,

frontal, parietal, temporal, and insular cortices) are activated by orgasm, although the anatomical pathways interconnecting

those areas are not well understood.



orgasm [145]. However, 50% of the participants

dropped out of the study, suggesting that other side

effects outweighed the improved orgasmic ability in

some women.

Among the typical SSRIs there may also be diffe-

rences in inhibition of orgasm. Paroxetine delayed

orgasm more than fluvoxetine, fluoxetine, and ser-

traline [141] and more than nefazodone, fluoxetine

and venlafaxine [138]. One explanation for this grea-

ter impairment may be that paroxetine is a more

potent inhibitor of the serotonin transporter than are

fluoxetine and fluvoxetine, and does not inhibit the

dopamine transporter, as does sertraline and, to a les-

ser degree, fluoxetine and fluvoxetine (reviewed in

[130]). As noted below, dopamine antagonists impair

several aspects of sexual function, whereas the dopa-

mine precursor, L-Dopa, is facilitatative. Both

women and men treated with fluoxetine, paroxetine,

and sertraline for anxiety disorders reported delays in

reaching orgasm and decreased quality of orgasm at

one- and two-month follow-ups [146]. However the

impairments in the fluoxetine group (but not the

other two groups) had abated by the end of the third

month. There have been some reports of little or no

effect of SSRIs on orgasm. Indeed, one multi-center

open-label study of fluoxetine, conducted by the

manufacturer, reported an improvement in women's

orgasmic ability, associated with improvement in

depressive symptoms [147]. Similarly, a small pilot

study found no effect of fluoxetine on orgasm [148],

and two industry-sponsored trials found either no

effects of fluoxetine or clomipramine on orgasm, or

that there were too few complaints to analyze statis-

tically (reviewed in [149]).

Several factors may account for the variability of res-

ponse to a given drug. First, there are individual dif-

ferences in the numbers and anatomical distributions

of the relevant receptor subtypes. Thus, increases in

extracellular serotonin, resulting from inhibition of

uptake, may activate different ratios of 5-HT2 and 5-

HT1A receptors in different people. There may also

be individual differences in the inhibition of dopami-

ne and norepinephrine release by 5-HT2 receptors.

In addition, improvements in general and interperso-

nal functioning may tend to offset perceptions of

sexual impairment in some women. A major factor in

assessing the effects of drugs on orgasm is the

method of questioning the subjects. Retrospective

reports are less reliable than are daily logs.  

b) Dopamine

The effects of dopaminergic drugs in humans paral-

lel those reported in animals [150-155]. Although

most reports on the effects of antipsychotic drugs

have studied male patients, women patients also

reported inhibited orgasm from the antipsychotic

drugs trifluoperazine, fluphenazine, and thioridazine

[156 ; reviewed in 157]. Antipsychotic-induced

sexual dysfunction may result directly from blocka-

de of dopamine receptors in areas critical for sexual

function, such as the MPOA and PVN, or indirectly

from increased prolactin levels, extrapyramidal side

effects, or sedation. One open-label ongoing-treat-

ment study found no effect of either haloperidol or

clozapine on orgasmic ability ; however, the authors

noted that the women may have under-reported

sexual side effects [158].

c) GABA

A retrospective clinical study of women taking anti-

epilepsy drugs (primarily benzodiazepines) reported

that women with epilepsy who were taking antiepi-

leptic drugs found orgasm less satisfying than did the

healthy, unmedicated controls [159]. Untreated

women with epilepsy were not significantly different

from either of the other two groups. In the treated

women antiepileptic drugs increased both total tes-

tosterone and steroid hormone binding globulin, but

did not affect levels of free testosterone, compared to

the other two groups. Thus, alterations in free testos-

terone cannot explain the impairment in orgasmic

enjoyment. 

d) Nitric oxide

Sildenafil (Viagra) selectively inhibits phosphodies-

terase V, and thereby prolongs the vasodilatory effect

of nitric oxide. Although sildenafil has been used

successfully for treatment of erectile dysfunction in

men, there have been mixed reports of the effects of

sildenafil on women's orgasmic function. Caruso et

al. [160] found improved sexual arousal and orgasm

with sildenafil. However, a minority of women

responded positively in three other studies [161-

163].

e) Norepinephrine/epinephrine

A retrospective study of 1080 women, who respon-

ded via a self-administered questionnaire, reported

no significant increase in difficulty achieving orgasm

while taking hydralazine, beta-adrenergic antago-

nists or methyldopa [164]. Similar results were

obtained in a prospective randomized double-blind

study of 345 women over a period of 24 months

[165] and in unmedicated healthy controls [166].

Therefore, drugs that inhibit beta-adrenergic recep-

tors appear not to affect women's orgasmic ability.
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However, SSRI-induced inhibition of norepinephri-

ne release onto a1 receptors could explain some of

the impairment of orgasm, as noted above.

f) Acetycholine

As in female rats [167], atropine failed to affect

blood flow in women during sexual arousal and also

did not affect subjective sexual arousal or orgasm

[168]. Therefore, acetylcholine appears to play a

minor role in the control of vaginal blood flow,

sexual arousal, and orgasm.

g) Estrogens

There is little evidence of estrogenic facilitation of

orgasmic function in women. In an uncontrolled,

open-label trial, 25% of 188 premenopausal women

reported an improvement in orgasmic ability [169].

However, a retrospective study of 66 women who

were oophorectomized and hysterectomized found

no difference in orgasmic ability between the 33 who

received conjugated estrogens and the 33 who did

not [170]. Similarly, two prospective studies of post-

menopausal women found little effect of estrogen

plus progestin hormone replacement therapy (HRT)

[171-172]. Each compared HRT to tibolone, which

can be metabolized into estrogenic, androgenic, and

progestogenic compounds. The former, single-blind

study of 50 women found no effect of either treat-

ment, based on a questionnaire at baseline and after

one year. The latter, open-label study of 48 women

found a significant improvement after three months

of tibolone treatment, but not HRT.

h) Androgens

A prospective, three-month, open-label study of 44

oophorectomized and hysterectomized women found

that a monthly injection of estrogen and testosterone

(E+T) increased the rates of orgasm during the first

three weeks after the injection [173], compared to

these women's own baseline and compared to E-

alone or no treatment. The E+T-treated women had

been receiving monthly hormone injections for up to

two years, but had not received an injection for 8

weeks prior to the baseline measure. At the time of

the baseline interview and hormone sample these

women reported relatively low rates of coitus and

orgasm, although their T levels were at least four

times the normal levels of gonadally intact premeno-

pausal women (based on normal ranges from Endo-

crine Sciences reported in [174]). Therefore, the T

from the previous injection 8 weeks before baseline

measures had been metabolized rather slowly. These

data suggest that, although extremely high levels of

T can improve sexual interest and orgasmic ability,

more moderate levels have little effect. 

A more extensive and well-controlled study of 75

oophorectomized and hysterectomized women found

similar results [174]. Conjugated estrogens were

administered either alone or with 150 or 300 mg T

per day in transdermal patches. The higher dose of T

improved orgasm pleasure. However, again the

effective T levels were two to six times the normal

range in intact women. Finally, 113 women with low

levels of both T and dehydroepiandrosterone

(DHEA) and complaints of orgasmic difficulty were

treated for at least three months with DHEA (50

mg/day orally) [175]. These women reported a grea-

ter frequency of orgasm after treatment than before.

Their T and DHEA levels were in the upper half of

the normal range at the end of the three-month treat-

ment. Unfortunately, there was no control treatment,

and the study was open-label. A possible mechanism

or androgenic facilitation of sexual function is a

decrease in sex hormone binding globulin, which

would increase levels of free estradiol and testoste-

rone (Table 4)

Our ability to assess the impact of spinal lesions on

orgasm in humans is unique because spinal cord

lesions are relatively easily located and described via

detailed neurologic exam. Thus, the subject of fema-

le orgasm and the impact of spinal cord injuries

(SCIs) or damage has received significant attention

in recent years and the level and degree of evidence

for this phenomenon has increased greatly. Once

flippantly considered “phantom” [176], the orgasmic

experiences of women with SCIs have recently been

described through multiple controlled studies that

have consistently documented the existence of

orgasm in women with SCIs. Moreover, these studies

have begun to describe the attributes of orgasms in

women with SCIs. Table 5 describes the notable stu-

dies that have assessed the impact of orgasm in

humans with SCIs. As the studies are numerous, only

details regarding those reports that are most signifi-

cant will be discussed (Table 5). 

In the early 90's interest in the impact of SCIs on

female sexuality and sexual response reemerged

after previous discussion of “phantom orgasms”.

During this time, a number of questionnaire studies

II. SPINAL CORD PATHWAYS

INVOLVED IN  WOMEN’S ORGASM
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were published with larger sample sizes [177-182]

and accompanying neurologic data was often inclu-

ded [177-180, 182]. Although some studies still suf-

fered from a lack of controls [177, 179], others inclu-

ded pre-post injury data as a form of control [178,

180-181]. These studies documented that women

with SCIs did experience orgasms and that, in gene-

ral, approximately 50% of the women noted the abi-

lity to attain orgasm was present post-injury. Similar

findings were also noted in the largest study of

females with SCI to date. In a multicenter study,

Jackson [183] reported on 478 subjects. Of these

subjects, 315 were sexually active since their injuries

and of this subgroup 54% reported achieving orgasm

post injury.

The next advance in the study of orgasm in women

with SCIs has been the introduction of the laborato-

ry-based assessment of women's orgasmic capaci-

ties. Sipski et al. [184] studied 25 women with SCIs

at and above the level of T6 using standardized cri-

teria [185] and compared them with 10 age-matched,

able-bodied control subjects. Subjects were given 75

minutes to perform self-stimulation to orgasm in any

way they chose. All able-bodied subjects achieved

orgasm as compared to only 52% of SCI subjects.

Degree and type of SCI were not found related to the

SCI subject's ability to achieve orgasm. Orgasmic

SCI subjects scored higher on the sexual information

and sexual drive components of the Derogatis Sexual

Functioning Inventory (DSFI).

Sixteen women with SCIs at and below the level of

T6 were studied along with 5 able-bodied control

subjects [186]. Subjects used a modified tampon to

stimulate their cervix and vagina at monitored and

specified levels of pressure. Three subjects with

complete SCIs and one able-bodied subject had

orgasms under these conditions ; one for the first

time. Based upon these data and other animal reports

[187-188] the authors hypothesized that the vagus

nerve conveys a sensory pathway from the cervix to

the brain that is responsible for the preservation of

the ability to achieve orgasm in women with SCIs. 

More recently, Sipski et al. [189] expanded their

study of orgasm to include women with all levels of

injuries. Identical methodology was used to a pre-

vious study [185], thus data were combined. A total

of 66 women with SCIs and 21 able-bodied controls

were examined. Women with complete lower motor

neuron injuries affecting their S2-S5 reflex arc were

significantly less likely than other subjects to achie-

ve orgasm. Overall, 55% of all SCI subjects reported

orgasmic ability post-SCI whereas 44% were orgas-

mic in the laboratory. Subjects with SCIs took signi-

ficantly longer (26.37 minutes) than able-bodied

subjects (16.33 minutes) to achieve orgasm. Blood

pressure, heart rate, and respiratory rate responses

were similar between able-bodied and SCI subjects

throughout the study. Moreover, subjective descrip-

tions of sensations during orgasm were indistingui-

shable between able-bodied and SCI subjects. These

authors reported the importance of an intact sacral

reflex arc in the ability to achieve orgasm. Moreover,

the presence of the urethrogenital reflex in spinalized

rats [95, 104] that mimics orgasm in humans pro-

vides an animal model that is consistent with this

hypothesis. 

Overall, there is a strong level of evidence for the

occurrence of orgasm in women with SCIs. There is

also substantial evidence of the impact of specific

injuries on orgasmic potential. Future human and

animal studies are warranted to confirm the specific

effects of spinal lesions on the ability to achieve

orgasm. Women with spinal disorders other than

SCIs would also be appropriate to study. 

In brief, the nervous supply of the genitalia is by the

sympathetic and parasympathetic branches of the

autonomic nervous system pelvic nerves, hypogas-

tric nerve, paravertebral sympathetic chains and by

somatic nerves (pudendal nerve from the pelvic

splanchnic branches and sacral plexus). The nerves

are either efferents that convey nervous impulses

from the brain and spinal cord to control motor,

secretory and vascular functions, or afferents that

mediate sensation, usually by specialized nerve

endings. The autonomic nerves regulate blood flow

and the involuntary smooth muscle while the soma-

tic nerves control the voluntary or striated muscles.

Sensory nervous traffic can be mediated by both the

somatic and autonomic systems. The nerves release a

number of neurotransmitters, classically nor-adrena-

line at the sympathetic nerve endings and acetylcho-

line at the parasympathetic and somatic.  However,

the former two systems become mixed in the pelvic

plexus and with the recognition of NANC (non-adre-

nergic, non-cholinergic) nerves, many different

transmitters and neuropeptides exist and are co-loca-

lized. Much of this knowledge comes from animal

studies, usually rodent (rabbit /rat) studies; genital

III. PERIPHERAL NERVOUS 

SYSTEM INVOLVEMENT IN

WOMEN’S ORGASM
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data from women is sparse. While the studies using

immunohistochemical techniques to identify and

localize the various neurotransmitters give some

insight as to what structures are innervated and by

what chemicals, they unfortunately do not give any

information of the exact functions of the nerves/neu-

rotransmitters and therefore some degree of infor-

med speculation has to be applied. Their proposed

actions, together with those of secreted hormones,

bring about the peripheral changes observed in

sexual arousal and at orgasm. 

1. VAGINA

The anterior wall, the area with the highest erotic

sensitivity, has a denser innervation than the poste-

rior wall and the distal area has more nerve fibers

than the proximal [190]. According to Krantz [34]

aggregated ganglion cells and nerve fibers were pre-

sent in the adventitia surrounding the vagina. The

fibers, filiform in shape, penetrated and supplied the

muscularis and larger blood vessels. Hoyle, Stones,

Robson, Whitley & Burnstock [191] showed that

nerves were also closely applied to the papillary

capillaries and were possibly “sensorimotor” nerves

(sensory nerves stimulated by antidromic impulses

giving them an efferent function).

The changes induced by sexual arousal for the vagi-

na are summarized diagrammatically in Figure 3.

Briefly, the unaroused human vagina has a low (acid)

surface pH, minimal surface fluid, low blood flow

and low surface p02. A good sympathetic tone is pro-

bably maintaining this low flow by its constricting

effect on the blood supply. Oral administration of the

alpha-adrenoceptor blocker phentolamine to preme-

nopausal women increased their vaginal blood flow

indicative of a basal constrictive adrenergic tone, but

whether the drug acted centrally or peripherally or

both is unclear [192].

Effective sexual arousal causes a rapid increase in

the blood flow activated by the release of VIP

(Vasoactive Intestinal Peptide) from NANC-nerve

endings, while NPY (Neuropeptide Y) probably

constricts the venous drainage creating engorgement.

The increased hydrostatic pressure in the capillaries

forces a protein poor, plasma-like fluid into the tis-

sues spaces (= tissue fluid) which then percolates

through the Na+-absorbing epithelium onto the sur-

face of the vagina as the increased surface fluid

lubrication [35]. This neurogenic transudate

(pH~7.4) can partially neutralize the acidity of the

basal surface vaginal fluid (ph~4-6) and thus raise

the vaginal pH [193]. The enhanced blood flow

increases the vaginal surface p02 facilitating the use

of aerobic rather than anaerobic mechanisms to

generate energy by any sperm when ejaculated into

the vagina (see [1, 35, 194] for references). Laan et

al. [195] provided evidence for a facilitatory effect of

sildenafil (an inhibitor of phosphodiesterase 5, PDE5

influences male genital blood flow by controlled the

level of cyclic GMP and nitric oxide [NO]) on vagi-

nal photoplethysmograph measures of sexual arou-

sal. Meston & Worcel [196] demonstrated a benefi-

cial influence of the nitric oxide precursor L-argini-

ne in combination with the alpha2 blocker yohimbi-

ne on genital engorgement in postmenopausal

women. These findings lend support for a role of NO

in the enhancement of vaginal blood flow, although

very little NOS has been found in the vagina using

immunohistochemistry [191].

Meston and colleagues provided evidence for a faci-

litatory role of peripheral adrenergic activation on

sexual arousal in women. Ephedrine (50mg), an

alpha and beta adrenergic agonist, facilitated vaginal

photoplethysmograph measures of sexual arousal

[197], and clonidine, an alpha2 adrenergic agonist

which blocks peripheral sympathetic outflow,

decreased these responses [198]. Increased sympa-

thetic nervous system activity, induced via intense

acute exercise, enhanced vaginal engorgement in

women [199-201]. 

The pattern and density of innervation of the vaginal

vasculature and microvasculature was described by

Hoyle et al  [191] using immunohistochemistry in

surgical specimens taken from five pre- and five

postmenopausal women. They identified a number

of neuropeptides in the papillae, subepithelial

plexus, propria arteries and veins and the deep arte-

ries and veins. These included Neuropeptide Y

(NPY), Vasocactive Intestinal Peptide (VIP), CGRP,

Substance P (SP) and the enzyme NOS. The vaso-

motor properties of VIP (vasodilatation), NO (from

NOS production- vasodilatation) and NPY (vaso-

constriction) are well-known but the neuropeptides

CGRP, NPY and SP (and also NO and VIP) are

known to be involved in sensory nerve function and

can influence the permeability of the capillaries.

Orgasm is presumed to cause the decreased release

of all of these and to enhance the release of the adre-

nergic system transmitters, thus effectively decrea-

sing the blood flow and the production of vaginal

lubrication. At present however, it should be said that

our knowledge of the exact functions of these active

agents lags far behind our knowledge of their loca-

tions.
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Less attention has been paid to the longitudinal and

circular smooth muscle coats of the vagina. They can

contract spontaneously even in the non-pregnant

woman and especially around menstruation,

although the contractions are not perceived in

consciousness [1, 202-203]. The muscles possess

both alpha and beta adrenoreceptors: blockade of the

alpha system inhibits spontaneous contractions of

vaginal muscle strips while beta blockade induces

greater adrenergic-mediated contractions [204]. The

vipergic innervation (neurotransmitter = VIP)

decreases both tone and induces relaxation. During

arousal, the vipergic innervation is likely to be domi-

nant by facilitating smooth muscle relaxation of the

vaginal wall and thus not reducing the caliber of its

blood vessels, thereby allowing the VIP-activated

lubrication mechanism to operate. Contraction of the

vaginal smooth muscle if it happens does not occur

until the late excitation state just before orgasm

(Figure 4).

2. LABIA MINORA

Although the neural mechanisms and the neurotrans-

mitters creating the congestion and increased blood

flow responses of the labia minora to sexual arousal

have not been characterized, they are probably

mediated through mechanisms similar or even iden-

tical to those described above for the vagina [35].

3. CLITORIS

The most recent anatomical description from cada-

veric dissections [205] is of a triplanar complex of

erectile tissue with a midline shaft lying in the media

sagittal approximately 2-4 cm long and 1-2 cm wide,

which bifurcates internally into paired curved crura

5-9 cm long. Posterior to the shaft, on either side of

the urethra are two separate vestibular bulbs (3-7 cm

long of crescentric or triangular shape thought to be

spongiosus tissue). The shaft is composed of two

chambers, the corpora cavernosa, surrounded by a

fibrous sheath (tunica albuginea). It is capped exter-

nally by the glans some 2-3mm long and wide

consisting of cavernous spongiosus tissue coming

from the vestibular bulbs [206] and is normally cove-

red by a protective hood of skin formed from the

fusion of the two labia minora. Its parasympathetic

innervation comes from the lumbosacral segments

L2-S2 while its sympathetic supply is from the hypo-

gastric superior plexus. The pudendal and hypogas-

tric nerves serve its sensory innervation. Sensory

nerve terminations include Merkel tactile discs

(touch), Pacinian (deep pressure ?) and genital nerve

corpuscles, and free nerve endings (pain ?) [34, 207].

There was wide variation in the quantity, quality and

location of the various nerve endings.

The clitoris also responds with increased blood flow

and tumescence on being stimulated or through

sexual arousal. Nitric oxide synthase (NOS), toge-

ther with many neuropeptides, have been identified

in the complex network of nerves in the clitoral tis-

sue by imunohistochemical studies over the last few

years. The list includes VIP, PHM (peptide histidine

methionine), NPY, CPON (C-flanking peptide of

NPY), CGRP (calcitonin gene-related peptide) and

substance P [208-210]. The presence of the enzyme

NOS in the nerves supplying the clitoral cavernous

tissues and in the endothelial cells lining the caver-

nosus tissue indicates that its vasodilating product

NO is involved in the enhanced flow and tumescen-

ce while the presence of the vasoconstrictors

NPY/CPON suggests that they could throttle venous

drainage and facilitate the organ's engorgement.

VIP/PHM are known vasodilating neurotransmitters.

The exact functions of the other neuropeptides are

more problematic. It has been suggested that Sub-

stance P, CGRP, and even NO may have sensory

roles or may be involved in influencing capillary per-

meability [210].

4. UTERUS

The uterus was said to increase significantly in size

during sexual arousal [14] when monitored by palpa-

tion, though limited MRI imaging has not confirmed

this [28]. It may be that the latter needs better reso-

lution. Odd contractions of the uterus can occur

during arousal, but at orgasm a specific pattern of

contractions occurs.

The psychosocial factors most commonly discussed

in relation to female orgasmic ability include age,

education, social class, religion, personality, and

relationship issues. While no significant relation bet-

ween education level and orgasmic ability with a
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Figure 4 : Summary diagram of the various changes that take place in the human vagina during coitus with and without

orgasm. 



partner, substantial differences between education

level and ability to attain orgasm during masturba-

tion have been reported. Approximately 87% of

women with an advanced degree reported “always”

or “usually” attaining orgasm during masturbation

compared with 42% of women with a high school

education 

A negative relation between orgasmic ability and

high religiosity has been reported. Laumann et al.

[211] reported a substantially higher proportion

(79%) of women with no religious affiliation repor-

ted being orgasmic during masturbation compared

with religious groups (53% - 67%). However, there

were substantial differences in education levels bet-

ween religious categories. A relation between impro-

ved orgasmic ability and decreased sexual guilt has

also been reported [212]. Low orgasmic experience

has been consistently related to childhood loss or

separation from the father, fathers who had been

emotionally unavailable, or fathers with whom the

women did not have a positive childhood relation-

ship. Reports of an association between early abuse

and anorgasmia are inconsistent (e.g., [213-215]).

Orgasm consistency, quality, and satisfaction in

women have been related to relationship factors such

as marital satisfaction, marital adjustment, happi-

ness, and stability (for review, see [4]) however rates

of orgasm consistency in women are higher during

masturbation than with a partner [211]. In summary,

there are no consistent, empirical findings that psy-

chosocial factors alone differentiate orgasmic from

anorgasmic women. Research that systematically

examines these factors among women who are more

carefully diagnosed as either meeting or not meeting

clinical criteria for Female Orgasmic Disorder is

needed. 

Perceived wisdom or a sex role stereotype is that

men are goal-orientated to achieve orgasm ; if it

doesn't occur in a sexual encounter, then they are

supposedly dissatisfied and frustrated. For women, it

is equally often stated that orgasm is not as highly

prized as a goal in such encounters [216]. While

some women consider coitus without achieving

orgasm unfulfilling and frustrating, especially in

relation to the lack of dissipation of their pelvic

congestion, others have a high regard for coitus and

its pleasures but pay low regard to orgasm per se [7,

217]. Women have been noted to appreciate the

“afterglow” of sexual arousal and the body intimacy

of being cuddled [218-219] as much as the orgasm

itself. 

In questionnaires administered to a self-selected

rather than a statistically random population, it was

reported that women, whether they experienced

orgasm or not, gave affection, intimacy and love as

major reasons for liking sexual intercourse, and their

favorite experience was the act of penetration rather

than orgasm itself [32]. All these studies and their

conclusions were conducted over 25-40 years ago in

America and sexual perceptions of societies and their

individuals can change. Waterman & Chiauzzi [220]

investigated the relationship between sexual enjoy-

ment and orgasm in couples attending university.

They reported “nothing in their data supports the cul-

tural stereotype that orgasms are more important to

men than to women”. A recent, statistically valid,

national survey of British sexual behavior published

in 1994 [221] asked both men and women to agree or

disagree with the statement “Sex without orgasm

cannot be really satisfying”. Although nearly half of

all men (48.7%) agreed or strongly agreed that

orgasm is necessary to male sexual satisfaction, a

close 43.3% of all women also concurred. 

In women, acute pelvic vasocongestion created by

sexual arousal is extensive as it includes uterine,

vaginal, clitoral, urethral and labial tissues, pelvic

ligaments and possibly even the fallopian tubes [14,

55]. While it is dissipated by orgasm, the dissipation

is not normally as rapid or as complete as in the

male, and can even be only partial, needing a num-

ber of orgasms to occur before its complete resolu-

tion to the basal state. In the Masters & Johnson [14]

laboratory study of human sexual female responses,

the initial recruiting was from prostitutes (p. 10) who

suffered from gross varicosities in the genital/pelvic

region. The explanation was that their constant

sexual arousal during their working day created

chronic pelvic vasocongestion that was not dissipa-

ted by orgasm (pp. 119-122). Studies of the condition

in prostitutes showed that it was accompanied by

feelings of pelvic fullness, pressure, cramping, pain,

low backache, irritability and sleeplessness, but

relief could be instigated by self-induced orgasm.

Prostitutes are of course extreme examples but they

are illustrative of the condition. Chronic pelvic vaso-

congestion is an old, established condition first des-

cribed and examined in the 1940's [55, p. 49; 222-

224]. Duncan & Taylor [225] undertook experiments

to measure vaginal blood flow and showed that it
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increased when subjects were made anxious, depres-

sed and resentful. More recent laboratory studies

have reported that female subjects viewing sexually

arousing visual stimuli increase their vaginal “blood

flow/congestion” as monitored by photoplethysmo-

graphy without perception of it occurring, even if

they subjectively report that they were not

consciously sexually aroused or did not enjoy it

[226]. The female genital sexual haemodynamic

changes of hyperaemia and congestion thus are

almost reflex responses even with a claimed negati-

ve central sexual arousal. Evidence that female geni-

tal sexual arousal is a reflex response is also provi-

ded by studies of women with complete SCI who

demonstrate reflex genital vasocongestion [227-

228]. While no studies have been published compa-

ring the extent of pelvic varicosities in sexually acti-

ve orgasmic and non-orgasmic women, a “prophy-

lactic” role in their prevention can be envisaged for

the female orgasm.

Sexual arousal to orgasm through coitus is often

thought of as a natural biological act, especially if

linked to reproduction. A core concept of social

constructionists however is that sexual behavior and

identity are learned rather than intrinsic, and culture

with its social and historical factors plays a large role

in shaping, or at least trying to shape, an individual's

sexuality [229]. A very obvious involvement of cul-

ture/society on female sexuality has been the ack-

nowledgement of female orgasms, which in reality

means the acceptance of female sexual pleasure.

Anthropologists have noted that in cultures that

expect women to enjoy sex as men do the women

have orgasms, while in those cultures that censor

such a concept women have more difficulty attaining

orgasm. Instances of societies that foster sexual plea-

sure for women and expect them to enjoy coitus

include the Mundugumor [230] and the Mangaia

[231]. Mangaian women are taught to have orgasms,

hopefully two or three to her male partner's one and

to try to attain mutual orgasm. Mangaian males who

are not able to give their partners multiple orgasms

are not held in high esteem. At the other end of the

spectrum are societies that assume women will have

no pleasure from coitus and that the female orgasm

does not exist. The Arapesh [232] are such a society,

as they do not even have a word in their language for

the female orgasm. In a similar vein, the Sambia

people of the Highlands of New Guinea [233] accord

the clitoris (lakandiku) no function or importance

and it is never mentioned in public by men. Moreo-

ver men deny that there is a female orgasm (imbim-

boogu).

Findings from the National Social and Health Life

Survey conducted in the early 1990s [211] suggest

that orgasmic problems are the second most fre-

quently reported sexual problems in women. In this

random sample of 1,749 US women, 24% reported a

lack of orgasm in the past year for at least several

months or more. This percentage is comparable to

clinic-based data. Rosen et al. [234] noted 29% of

329 healthy women (ages 18-73) who attended an

outpatient gynecological clinic reported orgasmic

problems, and Read et al. [235] reported 23% of 104

women (18-65+) attending a U.K. general practice

clinic reported anorgasmia. A precise estimate of the

incidence of orgasmic disorder in women is, howe-

ver, difficult to determine because few well-control-

led studies have been conducted, and definitions of

orgasmic disorder vary widely between studies

depending on the diagnostic criteria used. The DSM-

IV-TR [236], defines Female Orgasmic Disorder

(302.73) using the following diagnostic criteria.

Persistent or recurrent delay in, or absence of,

orgasm following a normal sexual excitement phase.

Women exhibit wide variability in the type or inten-

sity of stimulation that triggers orgasm. The diagno-

sis of Female Orgasmic Disorder should be based on

the clinician's judgment that the woman's orgasmic

capacity is less than would be reasonable for her age,

sexual experience, and the adequacy of sexual sti-

mulation she receives.

The DSM-IV-TR uses the terms lifelong versus

acquired and generalized versus situational. Howe-

ver, some studies of orgasm in women use the term

“secondary” with little clarity as to whether this is an

acquired inability to orgasm under any circum-

stances or is in fact a situational disorder possible

acquired rather than lifelong. The International Sta-

tistical Classification of Diseases and Related Health
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Problems (ICD-10) defines Orgasmic dysfunction

(F52.3) simply as “Orgasm either does not occur or

is markedly delayed”. Regarding women who can

obtain orgasm during intercourse with manual stimu-

lation but not intercourse alone, the clinical consen-

sus is that she would not meet criteria for clinical

diagnosis.

A critical period in the ageing process for women is

the premenopausal-postmenopausal change. Compa-

red to young women, the response to sexual stimula-

tion in the laboratory in postmenopausal women sho-

wed delay in achieving full tumescence in the clito-

ris, marked decrease in breast volume engorgement,

no engorgement of the uterus, delayed or absent

vaginal lubrication and decreased vaginal expansion.

At orgasm, there were fewer vaginal contractions

and rarely any rectal ones. The reduced number of

vaginal and anal contractions, possible indicators of

the intensity of pleasure according to Masters &

Johnson [14], suggested a “generalized reduction in

the intensity of orgasm expression”. Unfortunately,

their wording is ambiguous and could mean either a

real decrease in the intensity of orgasm or a decrease

in the physical expression of orgasm at various sites.

This decrease in intensity of orgasm was also repor-

ted by Basson [237] in androgen deficient menopau-

sal women. These women also had difficulty in

trying to focus during arousal to orgasm.

In some menopausal women, pain can occur during

and after the uterine/vaginal contractions of orgasm.

Levin [194] suggested that in the premenopausal

women, contractions of the vagina and uterus are

induced by a neurotransmitter that has to overcome

the inhibitory action of any released VIP. In the

menopausal state, however, VIP is probably ineffec-

tive in relaxing smooth muscle [238] so that the

contractions of the uterus/vagina induced by the neu-

rotransmitter at orgasm is unopposed, leading to

spasmodic type contractions creating anoxia and

thus pain. Giving oestrogen and progesterone toge-

ther causes relief, but neither is adequate separately

[14].

The treatment of anorgasmia has been approached

from psychoanalytic, cognitive-behavioral, pharma-

cological, and systems theory perspectives [239].

Substantial empirical outcome research is available

only for cognitive behavioral and, to a lesser degree,

pharmacological approaches. Hence, this section

will provide a review only of cognitive behavioral

techniques and pharmacotherapy used to treat fema-

le anorgasmia. To this end, Tables 6, 7, and 8 provi-

de a summary of controlled and uncontrolled studies

by treatment techniques. Definitive recommenda-

tions for treatment are based solely on controlled

outcome research. One of the difficulties in assessing

treatment effectiveness for anorgasmia is the nebu-

lous manner in which studies often define orgasmic

dysfunction. While some studies use clinician inter-

views to determine whether women meet criteria for

primary or secondary anorgasmia, others rely solely

on participant verbal reports of orgasmic difficulty or

the results of brief self-report inventories. For this

reason, where possible, information on the way in

which orgasmic dysfunction is defined is included in

the Tables. 

1. COGNITIVE-BEHAVIORAL APPROACHES

Cognitive-behavioral therapy for anorgasmia

focuses on promoting changes in attitudes and

sexually-relevant thoughts, decreasing anxiety, and

increasing orgasmic ability and satisfaction. Beha-

vioral exercises traditionally prescribed to induce

these changes include directed masturbation, sensate

focus, and systematic desensitization. Sex education,

communication skills training, and Kegel exercises

are also often included in cognitive-behavioral treat-

ment programs for anorgasmia.

a) Directed masturbation

Given masturbation can be performed alone, any

anxiety that may be associated with partner evalua-

tion is necessarily eliminated. Related, the amount

and intensity of sexual stimulation is directly under

the woman's control and therefore the woman is not

reliant upon her partner's knowledge or her ability to

communicate her needs to her partner. Research that

shows a relation between masturbation and orgasmic

ability provides empirical support for this treatment

approach [211]. 

Directed masturbation (DM) has been used to effec-

tively treat anorgasmia in a variety of treatment

modalities including group, individual, couples the-

rapy, and bibliotherapy. As can be seen in Table 6, a

number of outcome studies and case series report

directed masturbation is highly successful for trea-

ting primary anorgasmia. In a controlled comparison

of therapist-directed group masturbation training,
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self-directed masturbation training (bibliotherapy)

and wait-list control, Heinrich [240] reported a 100%

success rate for treating primary anorgasmia using

therapist DM training at 2 month follow-up. Forty-

seven percent of the bibliotherapy subjects reported

becoming orgasmic during masturbation compared

with 21% of wait-list controls. The effects of self-

directed masturbation training were further investi-

gated in a randomized trial comparing written versus

videotaped masturbation assignments [241]. After 6

weeks, 65% of subjects using a text and 55% of

women using videotapes had experienced orgasm

during masturbation and 50% and 30%, respectively,

were orgasmic during intercourse. None of the

control women had attained orgasm. More recently,

Hurlber t & Apt [242] compared the effectiveness

of DM with coital alignment technique in 36 women

with secondary anorgasmia. Coital alignment is a

technique in which the woman assumes the supine

position and the man positions himself up forward on

the woman such that clitoral contact is maximized

during coitus. Thirty-seven percent of woman recei-

ving instructions on coital alignment technique ver-

sus 18% of those receiving DM reported substantial

improvements (> 50% increase) in orgasmic ability

during intercourse after only four 30-min sessions.

In summary, DM has been shown to be an empiri-

cally valid, efficacious treatment for women diagno-

sed with primary anorgasmia. For the woman with

acquired anorgasmia who is averse to touching her

genitals, DM may be beneficial. If, however, the

woman is able to attain orgasm alone through mas-

turbation but not with her partner, issues relating to

communication, anxiety reduction, safety, trust, and

ensuring the woman is receiving adequate stimula-

tion either via direct manual stimulation or engaging

in intercourse using positions designed to maximize

clitoral stimulation (i.e., coital alignment technique)

may prove more helpful.

b) Anxiety reduction techniques

Anxiety can serve as a distraction that disrupts the

processing of erotic cues by causing the woman to

focus instead on performance related concerns,

embarrassment, and/or guilt. It can lead the woman

to engage in self-monitoring during sexual activity,

an experience Masters & Johnson [243] referred to

as “spectatoring”. Some researchers have speculated

that the increased sympathetic activation that accom-

panies an anxiety state may impair genital vasocon-

gestion via inhibition of parasympathetic nervous

system activity. Others have argued that SNS activa-

tion plays more of a facilitatory than inhibitory role

in sexual arousal [244].

As originally conceived by Masters & Johnson

[243], sensate focus involves a step-by-step sequen-

ce of body touching exercises, moving from non-

sexual to increasingly sexual touching of one ano-

ther's body. Components specific for treating anor-

gasmic women often include non-demand genital

touching by the partner, female guidance of genital

manual and penile stimulation and coital positions

designed to maximize pleasurable stimulation. Sen-

sate focus is primarily a couples' skills learning

approach designed to increase communication and

awareness of sexually sensitive areas between part-

ners. Conceptually, however, the removal of goal-

focused orgasm which can cause performance

concerns, the hierarchical nature of the touching

exercises, and the instruction not to advance to the

next phase before feeling relaxed about the current

one, suggest sensate focus is also largely an anxiety

reduction technique and could be considered a modi-

fied form of in vivo desensitization.

The success of using anxiety reduction techniques

for treating anorgasmia is difficult to assess because

most studies have used some combination of anxiety

reduction, sexual techniques training, sex education,

communication training, bibliotherapy, and Kegel

exercises, and have not systematically evaluated the

independent contributions to treatment outcome. Of

the controlled studies that have included anxiety

reduction techniques, few have differentiated bet-

ween treatment outcomes for lifelong versus acqui-

red female orgasmic disorder. As can be seen in

Table 6, across studies women have reported

decreases in sexual anxiety and, occasionally,

increases in frequency of sexual intercourse and

sexual satisfaction with systematic desensitization,

but substantial improvements in orgasmic ability

have not been noted. Similarly, of the few controlled

studies that have included sensate focus as a treat-

ment component, none have reported notable

increases in orgasmic ability. These findings suggest

that, in most cases, anxiety does not appear to play a

causal role in anorgasmia and anxiety reduction

techniques are best suited for anorgasmic women

only when sexual anxiety is coexistant.

c) Other Behavioral techniques

Ignorance about female anatomy and/or techniques

for maximizing pleasurable sensations can certainly

contribute to orgasm difficulties. Killmann and asso-

ciates [245] compared the effectiveness of various
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sequences of sex education and communication

skills versus wait-list control on orgasmic ability in

women with secondary anorgasmia. The authors

found sex education to be beneficial for enhancing

coital ability at post-test but not at 6-month follow-

up. In a comparison study of the effectiveness of sex

therapy versus communication skills training for

secondary anorgasmia, Everaerd & Dekker [246]

found both treatments were equally effective in

improving orgasmic ability. As can be seen in Table

6, treatment comparison studies have generally

found no differences in orgasmic ability between

women whose therapy included using Kegel exer-

cises versus those whose therapy didn't. To the extent

that Kegel exercise may enhance arousal and/or help

the woman become more aware and comfortable

with her genitals, these exercises may enhance

orgasm ability [239]. In summary, there is no direct

empirical evidence to suggest that sex education,

communication skills training, or Kegel exercises

alone are effective for treating either primary or

secondary anorgasmia. A review of studies suggests

they may serve as beneficial adjuncts to therapy. 

d) Pharmacological Approaches

There have been few placebo-controlled studies exa-

mining the effectiveness of pharmacological agents

for treating Female Orgasmic Disorder. Of the few

published, most examine the efficacy of agents for

treating antidepressant-induced anorgasmia. Whe-

ther pharmacological agents would have the same

treatment outcome effect on non-drug- versus drug-

induced anorgasmia is not known.

• Non drug-induced anorgasmia

Using a single-blind design, Modell and associates

[304] reported no significant effect beyond placebo

of either 150 mg/day or 300 mg/day bupropion-SR

on orgasm in 20 women with delayed or inhibited

orgasm. Ito et al. [305] conducted a double-blind,

placebo-controlled study of ArginMax, a nutritional

supplement comprised of ginseng, Ginkgo biloba,

Damiana leaf and various vitamins, on sexual func-

tion in 77 women with unspecified sexual function

and reported a marginally significant group differen-

ce. It cannot be determined from the report how

many women would meet a clinical diagnosis for

anorgasmia. To date, there have been no published

placebo-controlled studies on sildenafil for female

anorgasmia (Table 7).

• Antidepressant-induced anorgasmia

As can be seen in Table 8, a number of case reports

and open label studies report success in alleviating

SSRI-induced anorgasmia with various agents. Fin-

dings from the few placebo-controlled studies publi-

shed are less optimistic. Michelson et al. [307] exa-

mined the comparative effects of 8 weeks of treat-

ment with either buspirone (20 mg/day ; n=19),

amantadine (50 mg/day ; n=18), or placebo (n=20)

on fluoxetine-induced sexual dysfunction in preme-

nopausal women reporting either impaired orgasm or

sexual arousal. The authors reported all groups expe-

rienced an improvement in orgasm during treatment,

but neither busprione nor amantadine was more

effective than placebo in restoring orgasmic func-

tion. At a higher dose level (mean daily dose = 47

mg), buspirone showed a marginally significant alle-

viation of sexual side effects in women taking either

citalopram or paroxetine compared with placebo

[308]. The authors did not distinguish between

orgasm and desire disorders in either the classifica-

tion of patients or treatment outcome. In a randomi-

zed, double-blind, parallel, placebo-controlled study

of mirtazapine (15 mg/day), yohimbine (5.4

mg/day), olanzapine (25 mg/day) or placebo for

fluoxetine-induced sexual dysfunction, Michelson et

al. [309] found no significant improvement in orgas-

mic ability beyond placebo in 107 women with either

impaired orgasm or vaginal lubrication. Kang et al.

[310] reported no significant effect of Gingko-biloba

beyond placebo in a small group of women with

SSRI-induced sexual dysfunction. Meston [311]

reported no significant effect of ephedrine (50 mg 1-

hr prior to intercourse) beyond placebo on orgasmic

function in 19 women with sexual side effects secon-

dary to either fluoxetine, sertraline, or paroxetine

treatment (Level 1 evidence). 

In summary, to date there are no pharmacological

agents proven to be beneficial beyond placebo in

enhancing orgasmic function in women. Placebo-

controlled research is needed to examine the effecti-

veness of agents with demonstrated success in case

series or open-label trials (i.e., granisetron, and sile-

nafil) on orgasmic function in women.
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We conclude that Directed Masturbation is an

empirically valid and efficacious treatment for

Lifelong Female Orgasmic Disorder (Grade A).

To date, there are no empirically validated treat-

ments for Acquired Female Orgasmic Disorder.

Anxiety reduction techniques such as Sensate

Focus and Systematic Desensitization have not

been shown to be efficacious for treating either

Lifelong or Acquired Female Orgasmic Disorder

(Grade A). Anxiety reduction techniques may

serve as beneficial adjuncts to therapy if the

woman is experiencing a high level of anxiety

(Grade B). There is no direct empirical evidence

to suggest that sex education, communication

skills training, or Kegel exercises alone are effec-

tive for treating either Lifelong or Acquired

Female Orgasmic Disorder (Grade B). Of the few

studies examining the effects of pharmacological

agents for Female Orgasmic Disorder, none have

been shown to be more effective than placebo

(Grade A). Placebo-controlled research is essen-

tial to examine the effectiveness of agents with

demonstrated success in case series or open-label

trials (i.e., sildenafil, testosterone) on orgasmic

function in women.

We recommend that future studies on women

with orgasm difficulties conduct more careful

classification of the disorder and better discrimi-

nate between women with Lifelong versus Acqui-

red, and Generalized versus Situational Female

Orgasmic Disorder. There is a paucity of research

on the role of psychological, interpersonal, and

social factors in the development of orgasm diffi-

culties in women. Research is needed to examine

the impact of learning and sexual scripts, rela-

tionship history, partner views, sexual experience,

need to please partner, attitudes and beliefs

toward sexuality and orgasm, and religious and

cultural norms and expectations on orgasmic abi-

lity in women.

In order to better understand the physiology of

women's orgasm, future studies are needed to :

1. Further examine the differential brain activa-

tion during orgasm and during sexual arousal

without orgasm.

2. Examine which specific serotonin receptor sub-

type(s) mediate the inhibitory effects of SSRI

antidepressants on women's orgasm.

3. Assess whether prolactin secretion is a true spe-

cific indicator of orgasm in females and whe-

ther it serves as a  biological “off switch” for

sexual arousal in women.

4. Record uterine contractions during orgasm to

better understand their role in women's

orgasm and their relation with vaginal and rec-

tal contractions.

5. Assess whether the vagus nerve is a real media-

tor of afferent supply from the human cer-

vix/uterus.

6. Assess the physiological functions of the identi-

fied neuropeptides (e.g., VIP, Substance Y,

CGRP,  NO) in women's genitals.
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In countries and cultures where women are freely

able to acknowledge their own sexual needs and

sexual pleasure and expect freedom from pain with

sexual activity, the prevalence of self-reported sexual

difficulties (“disabilities”) as opposed to clinician's

careful diagnosis, appears high, [1, 2] (level 4 evi-

dence). Lack of interest in being sexual or sexual

dysfunction - the term used when the expected phy-

siological and/or psychological sexual response to

sexual stimulation does not occur - may or may not

be seen as a problem causing distress and reducing

sexual satisfaction [3, 4]. Data suggest that of 33% of

women in a nationally representative randomized

study, who reported reduced sexual interest, 43%

considered this to be a problem and of those, 87%

reported sexual dissatisfaction [1]. When lubrication

is absent or there is sexual pain, more (63% and

70%) find this a problem, causing sexual dissatisfac-

tion in more than 80% of them. Another nationally

representative community study confirmed more

than 50% of women wanted professional help for the

sexual problems self-disclosed in 41% of them [5].

Dysfunction may be associated with medical disea-

se, (level 3b evidence) e.g. neurological conditions

affecting the autonomic nervous system [6], with

pharmacological treatment, e.g. serotonergic antide-

pressants [7], with medical therapies, e.g. pelvic

radiation, or with surgical procedures, e.g. radical

hysterectomies for cancer of the cervix whereby

damage to the autonomic nerves between the bladder

and anterior vaginal wall is possible [8]. Dysfunc-

tion may also be associated with past or current

psychological factors that may have influenced psy-

chosexual development. Interestingly, despite medi-

cal factors, mood and psychological entities may

more strongly correlate with sexual dysfunction.

This has been shown to be true for women with dia-

betes [9], (level 3b) and women with gynecological

surgery [10] (2b). It is possible women have variable

proneness to sexual excitement and to sexual inhibi-

tion that is genetically and/or societally program-

med. Early research is suggesting women have more

proneness to sexual inhibition than do men [11]. This

inhibition may be more about possible untoward

consequences at sexual behaviour (including pre-

gnancy) than about fear of sexual failure. Finally,

dysfunction may be largely related to contextual fac-

tors - evidence of something psychologically or bio-

logically amiss within the woman herself, being

absent. Her sexual “dysfunction” is logical and adap-

tive [4, 11] It is nevertheless possibly highly distres-

sing to her. It is therefore strongly recommended that

in addition to considering which aspects of response

are dysfunctional and causing distress, clinicians

also routinely note the presence of associated factors:

- Predisposing factors in the woman's past affecting

her psychosexual development, e.g. past abuse

[12], (level 3b),

- Precipitating and perpetuating factors in the current

context which are disrupting to, and/or conse-

quences of her sexual difficulties [4, 11, 12] (level

2b, 4) 

- Past and present medical/surgical entities [6-8]

(Level 3b).

If phase(s) of the sex response cycle are the only

major criteria governing the diagnosis of dysfunc-

tion, scientific proof of benefit of therapeutic inter-

vention will be unlikely - put very simply, medica-

tion, for instance, will not ameliorate a problematic

context.

I. THE NATURE OF WOMEN’S

SEXUAL DYSFUNCTION

A. INTRODUCTION
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Until recently, it has been accepted that women's

sexual response is similar to men's such that

women's sexual dysfunction mirrors categories of

men's sexual dysfunction. This is not confirmed by

empirical evidence - see Table 1.

1. TRADITIONAL CATEGORIES

The traditional model of Masters, Johnson and

Kaplan depicts a sexual desire phase and a subse-

quent phase of arousal characterized by genital

congestion. A plateau of higher arousal continues the

response on to an experience of high intensity arou-

sal and orgasmic release, lasting some many

seconds. A phase of resolution with physical and

psychological well being completes the experience.

This work was originally based on a subset of

women who were willing to be monitored in great

detail while they were sexually active in a laborato-

ry and who were reliably orgasmic with intercourse.

A phase of sexual desire initiating any sexual respon-

ding - such desire characterized by sexual thoughts

and sexual fantasies, was later added by Kaplan

given many women were voicing their sexual dis-

tress in terms of low sexual desire. The traditional

categories of women's dysfunction have been based

on this linear progression of discreet phases - desi-

re, genitally focused arousal, plateau of arousal,

orgasmic release and resolution.

2. EVIDENCE OF INACCURACIES OF TRADITIO-

NAL MODEL OF HUMAN SEX RESPONSE AND

SUBSEQUENT DEFINITIONS OF DYSFUNC-

TION

The following evidence-based table lists facets of

women's sexual function and dysfunction which

contradict the traditional model of human sexual

responding that underlies the existing definitions of

women's sexual dysfunction.

Both the International Statistical Classification of

Disease and Related Health Problems (ICD-10) and

the American Psychiatric Association Diagnostic and

Statistical Manual (DSM-IVTR) assumes that it is

possible to distinguish between organic and psycho-

genic etiology [56, 57]. However, not only is the

precise etiology of women's sexual dysfunction fre-

quently unclear, there is no evidence that the majo-

rity are either biological or psychological. Rather,

there is growing evidence of mechanisms by which

the mind influences the various systems in the body

- immunological, neurological and hormonal. We

note the emerging fields of psychoneuroendocrinolo-

gy and psychoneuroimmunology. Sexual function

would appear to be a prime example of the manda-

tory blending of mind and body. A recent communi-

ty study of 987 women in the United States provided

data supporting the possibility that relationship dis-

harmony may cause impaired sexual response rather

than the opposite [4].

3. ALTERNATIVE MODEL OF SEXUAL RESPONSE

The following model (Figure 1) of women's sexual

response attempts to reflect the features of women's

sexual response itemized in Table 2.

The model (on page 862) shows a woman's sexual

response may begin for one of a number of reasons

(incentives) [58]. At that stage, there may be no awa-

reness of sexual desire. A willingness to be receptive

to sexual stimuli in appropriate context allows her

potential sexual arousal - both subjective excitement

and physical responding. Many psychological and

biological factors influence this information pro-

cessing in her mind and determine her arousabili-

ty.  Once arousal is experienced, if it continues suf-

ficiently long and is enjoyed, sexual desire may be

accessed [58-60, 62]. This has been termed a res-

ponsive form of desire [15]. A psychologically and

physically rewarding outcome need not necessarily

involve orgasmic release(s). The wanting or motiva-

tion to be sexually active again is increased if the

outcome is positive and decreased if it is either emo-

tionally or physically dissatisfying. 

4. INCORPORATION OF SPONTANEOUS OR

INNATE DESIRE INTO MODEL

Sexual desire that appears to be “innate” or “sponta-

neous”, as reflected by sexual thinking/fantasizing/a

wanting of sexual sensations per se, may or may not

augment or override the cycle based on other moti-

vations. See Figure 2. Women typically are far more

aware of this type of desire early on in relationships.

For some, it continues decades with the same partner,

for the majority, it is infrequent [16-21]. Whether

this apparent “innate” or “spontaneous” desire is

truly so - is not able to be established. It has been

argued that there is no such thing as spontaneous

desire [63]. Based on motivation theory, motivation

to engage in sex will be influenced by 1) an internal

II. CATEGORIES OF WOMEN’S

SEXUAL DYSFUNCTION
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Table 1 : Facets of women’s sexual function and dysfunction which are at variance with traditional views  of women’s

sexual response

Facets of Women’s Sexual Function/Dysfunction References LOE Cited

An awareness of sexual desire is not the most frequent 

reason women accept or initiate sexual activity. 16, 17, 18, 19, 20, 21 2b, 3b, 4, 5

Sexually healthy women in established relationships are frequently 4, 22, 23 4

unaware of spontaneous sexual thoughts.

Sexual fantasies are often deliberate means to focus on the sexual 

stimulus rather than an indication of sexual desire. 16 4

The sexual, and the larger context is integral to women’s sexual 4,24,25,26,27,28,29 2b, 4

function/dysfunction 30

The couple, rather than the woman, is the correct focus for assessing 4,24,29, 31-34 2b,4

dysfunction.

The phases of women’s sexual response are not discreet and 29,31 34-171 1b, 2b, 3b, 4

comorbidity of dysfunction is common.

Women’s experience of sexual arousal is not primarily to do with 4, 42-50 3b,4 

genital vasocongestion/ vaginal lubrication/perception of genital swelling.

Women’s subjective sexual arousal is strongly modulated by emotions 36,42, 51-54 2b, 3b, 4 

and cognitions. 

There is no demonstrable lack of genital congestion in the majority of 

women (with or without arousal disorder), who watch erotic videos and 42,53,54 3b, 4

disclaim any subjective arousal. 

The musculature of the vagina or around the vagina has not been 55 4

shown to go into spasm.

Table  2 : Evidence supporting an alternative model (figure 1) of women’s sexual response 

Facets of Women’s Sexual Function/Dysfunction References LOE Cited

There are many reasons a woman initiates or agrees to sexual activity. 16,17,18,19,20,21 2b, 4

For one or more reasons, women choose to be receptive to sexual stimuli 

(or to provide them) and subsequently become sexually aroused. 16,17,18,19,20,21,22 2b, 4

Emotional intimacy with the partner is often a motivating force and 

influences her arousability to sexual stimuli. 4,17,20,21 2b, 4

Various psychological and biological factors influence the woman’s

arousability, i.e. the processing of sexual stimuli in her mind potentially 

on to a state of subjective sexual arousal. 36, 42,51,52 2b, 3b, 4

If the subjective sexual arousal is enjoyed, if the stimulation continues 

sufficiently long, and if she remains focused on the stimuli, then the 58,59,60 5

arousal becomes more intense and an urge or “desire” for more of the

sexual sensations is accessed.

Sexual desire and arousal continue together – each reinforcing the other. 58,59,60,61 5

A positive outcome, emotionally and physically, increases the woman’s 

motivation (reasons/incentives) to be sexual again in the future. 58,61 5
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Figure 2. blended sex response cycle showing many motivations  to be sexual, spontaneous desire and responsive 

desire accessed during the experience. Copied with permission from Elsevier. Basson R. Obstet. Gynecol 2001; 98:350-3 

Figure 1.  Alternative model of woman’s sexual response. Copied with permission from Elsevier. Basson R. Obstet. Gynecol

2001; 98:350-3



state, disposition, or “sexual response system” ; 2)

stimuli in the environment ; 3) rules for access or

transgression that regulate the acting out of sexual

tendencies. So, desire is part of arousal, triggered by

a stimulus that has sexual meaning. It is facilitated or

inhibited by situational and sexual partner variables.

As such, sexual motivation will occur only when

there are appropriate sexual stimuli present (given a

sufficiently sensitive sexual response system). The

occurrence of sexual motivation, including fantasies,

must therefore be the result of sexual information

processing of some kind, even though, in some or

even most cases, it may not be clear what the initia-

ting sexual stimulus was [63]. For most people, their

sexual response system reacts with sexual stimuli in

an automatic, unreflected and effortless way. This

results in experiences that were not consciously

intended, which may explain why so many people

experience sexual desire “as if” it were spontaneous. 

Based on this alternative model of women's sexual

response, revised and expanded definitions of dys-

function have been proposed by an international

panel and will be described in this chapter [64].

Given the broad range of awareness of “sponta-

neous” sexual desire (additional to desire experien-

ced during sexual activity once sexual arousal has

been accessed), across women [2, 16, 18, 22], it is

quite unclear when any woman should be diagnosed

with hypoactive sexual desire disorder. Moreover,

given sexual desire is an uncommon reason women

in established relationships give for having sex [16-

21] focusing on this aspect of sexual response is not

clinically helpful. However this is the focus of exi-

ting definitions.

1. CURRENT DEFINITIONS OF HSDD

a) DSM-IV Definition :

Persistent or recurrent deficiency (or absence) of

sexual fantasies and desire for sexual activity. This

disturbance causes marked distress or interpersonal

difficulty [57].

b) ICD-10 :

Loss of Sexual desire is the principal problem and is

not secondary to other sexual difficulties, such as

erectile failure or dyspareunia.

c) Frigidity

Hypoactive Sexual Desire Disorder [56].

2. RECOMMENDED DEFINITION OF WOMEN'S

SEXUAL INTEREST/DESIRE DISORDER (BASED

ON EVIDENCE IN TABLES 1 AND 2) 

The word “interest” was chosen to cover the spec-

trum of motives/reasons underlying women's deci-

sion to agree to or instigate sexual activity. 

There are absent or diminished feelings of sexual

interest or desire, absent sexual thoughts or fanta-

sies and a lack of responsive desire. Motivations

(here defined as reasons/incentives), for attempting

to have sexual arousal are scarce or absent. The

lack of interest is considered to be beyond the nor-

mative lessening with lifecycle and relationship

duration [64]. 

Using the criteria of experiencing sexual desire only

occasionally, rarely or never, the percentage of

women affirming they have “low sexual desire”

could be as high as almost 80% - only 22% of 1,335

women in a Scandinavian community study expe-

rienced sexual desire more than occasionally [1].

This percentage would drop to 14% in the same

cohort of women if the criteria used for diagnosing

low sexual desire is experiencing sexual desire only

rarely or never.1 Some authors report on “low sexual

interest” and others on “low sexual desire”. In the

aforementioned study, women with reduced sexual

interest amounted to 33% of the sample and almost

half of those women perceived it to be a problem

associated with sexual dissatisfaction. Previous ran-

domized nationally representative surveys suggest

from 8-33% of women self-report or are assessed to

have via questionnaire +/- interview, low sexual

interest or desire - see Table 3. Few studies ask about

both desire and interest. Moreover, what the women

interpret these words to mean, is often unclear. 

Overall, age seems to have a fairly minimal effect on

II. PREVALENCE OF SELF-PERCEI-

VED LOW SEXUAL DESIRE/LOW

SEXUAL INTEREST IN WOMEN

I. DEFINITIONS OF DISORDERED

SEXUAL DESIRE AND INTEREST

B. WOMEN’S SEXUAL DESIRE

AND INTEREST : DISORDERS

OF DESIRE AND INTEREST
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the concern of low sexual interest or the concern of

low sexual desire. However, two studies [1, 66] show

increasing prevalence of low desire after the early

50s. In contrast, other studies show a marked [68] or

mild [2] decrease with age. Modest increase with age

but less distress about it, characterizes other studies

[4, 67]. Complicating all of this is the lessening of

desire with relationship duration [21].

The crucial role of sexual arousal is apparent from

the alternative models, Figures 1 and 2. However,

complaints of low interest or low desire far outnum-

ber arousal complaints. Careful history-taking from

women complaining of low sexual desire frequently

identifies a difficulty with becoming aroused.

Women find it hard to separate the two problems.

The comorbidity of arousal and desire disorder is

well documented [31, 35, 36, 38, 39]. It is recom-

mended that women able to be aroused and have

rewarding experiences but lacking apparently

“spontaneous” sexual thinking and fantasizing be

considered to be sexually healthy given the wide

variability across women of this latter aspect of

their sexuality. This is in contrast to the existing

definitions of hypoactive sexual desire disorder

which suggest otherwise. In view of the evidence to

date, acceptance of the aforementioned revised

definition of low sexual interest is strongly advoca-

ted. The innate or spontaneous component of sexual

desire may be in part hormonally based [70], specifi-

cally related to androgen levels and sensitivity of the

androgen receptor. It is also known to relate to rela-

tionship duration [1, 21, 71] and to life cycle with

reports suggesting lower levels in the 25 to 34-year-

old women (as compared to those immediately youn-

ger and older) and in women over 49 years of age [1,

66, 72].

The past focus on just one aspect of women's sexual

arousal, namely, genital vasocongestion, specifically

the increase in lubrication fluid resulting at least in

part from that increase in vasocongestion, has led to

misunderstanding of women's complaints of low

sexual arousal [73]. In the clinical setting, if the dif-

ficulty is absent lubrication, the woman will typical-

ly complain of vaginal dryness or discomfort with

intercourse. In contrast, when she speaks in terms of

absent sexual arousal, she is referring to subjective

I. COMPLEXITIES OF SEXUAL

AROUSAL

C. WOMEN’S SEXUAL

AROUSAL AND AROUSAL

DISORDERS

III. THE PARADOX OF THE CRU-

CIAL ROLE OF SEXUAL AROUSAL

AND THE HIGH PREVALENCE OF

COMPLAINTS RE LOW DESIRE

COMPARED TO COMPLAINTS RE

LOW AROUSAL
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Table 3 : Level 4 studies of more than 200 women in nationally  representative samples giving prevalence of low sexual desi-

re/interest

Study Criterion Age Prevalence in %

Garde,1982 [23] Lacked or had no desire 40 21

Béjin,1982  [65] No or insufficient sexual desire 18-69 8

Kontula,1995 [66] Quite often were with decreased sexual interest 18-74 32

Hawton,1994  [67] Impaired sexual interest (only women with partners) 35-59 17

Ventegodt,1998 [68] Reduced sexual desire 38-88 17

Fisher,1999  [69] Sexual desire “often” lower than they would like it to be 18-45 39

Laumann,1999 [2] Lacking interest in sex 18-59 33

Fugl-Meyer,1999 [1] Sexual desire never or rarely 18-74 14

Fugl-Meyer,1999 [1] Decreased sexual interest 18-74 34



sexual excitement in her mind [53]. When she speaks

of overall sexual satisfaction or sexual distress, data

suggests impaired vaginal lubrication to be a non-

significant predictor [4].

Even recently developed questionnaires may not

contain questions regarding subjective arousal, whe-

reas other questionnaires have included this domain

[75-77]. It is apparent that the lack of inclusion of

subjective arousal in definitions of dysfunction has

moved the focus of diagnosis away from women's

subjective experience.

1. PSYCHOPHYSIOLOGICAL STUDY OF SUBJEC-

TIVE SEXUAL AROUSAL AND INCREASES IN

VAGINAL VASOCONGESTION

The evidence to follow, shows that the vast majority

of women diagnosed with “female sexual arousal

disorder” over the past 25 years, under laboratory

conditions of viewing erotic videos (which frequent-

ly fail to subjectively arouse them and may cause

negative emotions), nevertheless, show prompt geni-

tal vasocongestion comparable to sexually healthy

women. In three studies genital responsiveness to

sexual stimuli, measured by vaginal pulse amplitude

(VPA) as assessed with vaginal photoplethysmogra-

phy, was compared between premenopausal women

with and without sexual problems [42, 46, 78]. A

fourth study using the same measure compared res-

ponses between pre- and postmenopausal women

with and without sexual arousal disorder diagnosed

according to DSM-IV criteria [54]. Interestingly

women with dyspareunia were found to respond with

equal VPA increases to visual sexual stimuli as do

women without dyspareunia [78]. No differences

were found in VPA between a group of 12 women

with hypoactive sexual desire, a group of 12 anor-

gasmic women, and a control group of 12 women

[46]. Similarly, Morokoff and Heiman [42] failed to

find differences in VPA between 11 women with

sexual arousal disorders who presented for sex thera-

py, and a control group of 11 women. Twenty-nine

medically healthy women with sexual arousal disor-

der (15 premenopausal ; 14 postmenopausal), dia-

gnosed according to DSM-IV criteria, showed no

evidence of impaired genital congestion [54]. These

women responded with an increase in vaginal vaso-

congestion to visual sexual stimuli, an increase that

did not deviate from that of 30 age- and menopausal

status-matched women without sexual problems. In

addition, these women's VPA response did not occur

at a slower rate. The women with sexual arousal

disorder were carefully diagnosed, using strict and

unambiguous criteria of lack of awareness of genital

responsiveness, and in a similarly careful way it was

established that the other women did not have any

sexual dysfunction. It seems plausible that with res-

pect to sexual function, these groups were more

homogeneous, and differences between groups were

greater, than was the case in the three studies men-

tioned above. Despite that, this study again failed to

find differences in vaginal vasocongestion between

women with and without sexual arousal disorder.

Thus women's complaints of lack of genital respon-

ding may be conceptualized at least in part as an

inattention to, or disconnection from physiological-

ly healthy vasocongestion.

2. COMPONENTS OF SEXUAL AROUSAL

The following two tables show the various compo-

nents of women's sexual arousal. Table 4 lists

conscious components. Table 5 lists aspects organi-

zed by the woman's involuntary (autonomic) nervous

system that are outside of conscious awareness.
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Table  4 : Conscious components of women’s sexual arousal

Components Characteristics Reference   LOE Cited

Subjective sexual arousal/ Correlates with appraisal of stimulus and its context. 49 4

sexual excitement. Often poor correlation with genital vasocongestion. 42,43,44,45,46, 3b, 4

47,48,49

Modulated by thoughts and by  emotions  36,41,51,52 2b, 3b, 4

Not necessarily increased by performance demand. 79               4

Direct awareness of genital Correlates poorly with subjective arousal. Highly 80 4

engorgement, throbbing, variable amongst women

tingling.  

Sexual sensations and sexual This provides an indirect confirmation of genital 73 5

excitement from stimulating engorgement. Repetitive sexual stimulation to non

engorged structures.    -engorged structures leads to irritation, discomfort               



3. MODEL OF WOMEN'S SEXUAL AROUSAL

The following model attempts to show the two paral-

lel processes - one conscious and one unconscious. It

also shows highly variable modulation of subjective

arousal by genital feedback and robust modulation

by the woman's concurrent thoughts and emotions

(Figure 3).

4. BRAIN IMAGING IN WOMEN DURING SEXUAL

AROUSAL

Magnetic resonance imaging of sexually healthy

women willing to be imaged during sexual arousal

from watching an erotic video, delineates areas of

the brain active during sexual arousal. Of interest,

the activation in the areas concerned with organizing

and receiving afferent input from the genital reflexes,

including the hypothalamus correlates very poorly

with the women's rating of their subjective arousal.

This is in contrast to men where there is high corre-

lation between activation these areas and their rating

of sexual arousal. Again, the rather minimal impor-

tance of genital feedback in women as they rate their

overall subjective experience of arousal is emphasi-

zed [89].

1. CURRENT DEFINITIONS OF WOMEN'S SEXUAL

AROUSAL DISORDERS

a) DSM-IV

Female Sexual Arousal Disorder (FSAD)

Persistent or recurrent inability to attain, or to main-

tain until completion of the sexual activity an ade-

quate lubrication, swelling response of sexual excite-

ment. This disturbance causes marked distress or

interpersonal difficulty.

b) ICD-10

Failure of genital response.

In women, the principle problem is vaginal dryness

or failure of lubrication.

Female Sexual Arousal Disorder

2. RECOMMENDED DEFINITIONS OF WOMEN'S

SEXUAL AROUSAL DISORDERS (BASED ON

EVIDENCE IN TABLES 4 AND 5)

a) Combined Genital and Subjective Arousal Disor-

der 

Absence of or markedly diminished feelings of

sexual arousal (sexual excitement and sexual plea-

sure), from any type of sexual stimulation as well as

complaints of absent or impaired genital sexual

arousal (vulval swelling, lubrication). 

b) Genital Sexual Arousal Disorder

Complaints of absent or impaired genital sexual

arousal. Self-report may include minimal vulval

swelling or vaginal lubrication from any type of

sexual stimulation and reduced sexual sensations

II. WOMEN’S SEXUAL AROUSAL

DISORDERS
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Table  5 : Components of sexual arousal outside of conscious awareness

Component Physiological Mechanisms References LOE Cited

and Levels 

of Evidence

Vasocongestion of Neurogenic vasodilation mediated at least in part by NO

vulval structures. from autonomic nerve endings, endothelium and smooth 81 5

muscle of sinusoids within clitoral bulbs, rami, shaft and head,

and periurethral spongy tissue dilate.

Vaginal vasocongestion Vaginal arteriolar dilation from VIP, NO and other unknown 82,83,84 5

with increased neurotransmitter, possibly NPY-associated veno-constriction 

lubrication. leads to increased interstitial fluid formation from vaginal 

submucosal capillaries. Fluid filters through epithelial cells 

onto lumen with less potassium and more sodium than in 85 5

the non-aroused state.

Is increased by performance demand in healthy women. 79 4

Is increased by activation of sympathetic nervous system. 86,45 4

Can be increased by anxiety, including sexual anxiety. 44 4

Correlates variably with subjective arousal in healthy women. 42,49, 86, 87 4

Correlates poorly with subjective arousal in women with arousal 42,43,88 3b, 4

disorders.

Correlates with negative emotions in women with arousal disorders   85 5



from caressing genitalia. Subjective sexual excite-

ment still occurs from non genital stimuli.

c) Subjective Sexual Arousal Disorder

Absence of or markedly diminished feelings of

sexual arousal (sexual excitement and sexual plea-

sure), from any type of sexual stimulation. Vaginal

lubrication or other signs of physical response still

occur.

3. PSYCHOPHYSIOLOGICAL DATA TO SUPPORT

CLINICAL SUBTYPING

Clinical subtyping of women complaining of lack of

sexual arousal allowed further investigation of 34

women meeting the criteria for genital arousal disor-

der. These were postmenopausal estrogenized

women who maintained healthy sexual interest and

arousal from non-genital sexual stimulation. Since

genital stimulation had been their former means of

reaching orgasm, most were currently anorgasmic or

experienced markedly delayed and reduced intensity

orgasms. Psychophysiological studies with vaginal

photoplethysmography showed markedly reduced

genital vasocongestion in 13 women, moderately

reduced in 8, and normal vasocongestion in 11

women. Interestingly, the double-blind placebo-

controlled use of 50mg sildenafil under laboratory

settings improved the orgasmic experience only in

those women with markedly abnormal psychophy-

siological testing [88]. Thus clinical subtyping pro-

duced a heterogeneous group. This study contrasts to

the previously mentioned study whereby none of 29

women with DSM-IV diagnosed arousal disorder

(i.e. also genitally focused disorder), showed abnor-

mal vasocongestive reponse [54]. Of note, the study

showing heterogeneity included only women with

acquired genital loss - within the previous 6 years.

Of these women with acquired genital sexual arousal

disorder, some clearly had abnormal vasocongestion

demonstrable by currently available methods. Others

may have had vascular deficit observable by more

sensitive methods in the future. However, it may

well be that factors other than the degree of vaso-

congestion, e.g. to do with sexual sensitivity of the

engorging structures, underlie the loss of genital res-

ponsivity in some of this clinical subgroup of acqui-

red genital arousal disorder. A very recent study of

31 sexually healthy women and 31 with arousal

disorders - subtypes, acquired genital, long term sub-

jective and combined, identified reduced vasocon-

gestive response to erotic stimuli only in the sub-

group with acquired genital arousal disorder [43].
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Figure 3.  Model of women’s sexual arousal



The neuroendocrine basis of arousal is poorly

understood. A limited understanding stems in part

from sexual effects of medication with known or par-

tially known mechanisms of action. It is suggested

that more than 30 neurotransmitters, peptides and

hormones are involved - the most clinically relevant

being noradrenaline, dopamine, oxytocin, serotonin

acting via 5HT1A, 5HT2C receptors, being “pro-

sexual”, prolactin, GABA and serotonin acting via

other receptors tending to be sexually negative.

These neurotransmitters and peptides in turn are

modulated by sex hormones - estrogens, androgens

and progesterone. Work with brain imaging of

women during sexual arousal points to some areas of

the brain being involved in cognitive appraisal,

namely, the frontal orbital and anterior cingulate

areas, and others being involved in the emotional

response to arousal, including the rostral anterior

cingulate. Other areas involved in the organization

and perception of genital reflexes include the rostral

anterior cingulate and posterior hypothalamus [89].

1. AUTONOMIC INNERVATION

The genital arousal (i.e. vasocongestion), response

involves the sympathetic and parasympathetic

nerves. It is thought that pelvic sympathetic postgan-

glionic neurons primarily release noradrenaline and

adenosine triphosphate ATP, but some release acetyl-

choline (ACh), NO and VIP. Nerves from the more

caudal sympathetic ganglia release noradrenaline

and probably neuropeptide Y to produce expected

vasoconstriction. However, sympathetic fibers in the

hypogastric nerve pass through the ganglionic relay

stations in the pelvic plexus and can produce vasodi-

lation of vulval congestion as well as the opposite

[90].

Parasympathetic nerves from S2,3,4 release neuro-

transmitters including NO mediating vasodilation,

and ACh blocking noradrenergic vasocongestive

mechanisms pre or post junctionally and acting on

the endothelium to release NO. 

This autonomic neuroanatomy is based on compa-

rable nerves in the man. How accurate all of this is

for women is currently unclear. There is some recent

clarification of the parasympathetic input to vaginal

vasocongestion. Stimulating the second and third

sacral anterior nerve roots in a conscious young

woman who was paraplegic, by using an intradural

implanted Finetech/Brindley stimulator activated by

radio signals, caused significant increases in vaginal

congestion as measured by vaginal photoplethysmo-

graphy [91]. Stimulating the fourth sacral root failed

to increase the vaginal congestion. Women with spi-

nal cord injury below the T10 to L2 spinal cord

levels where the sympathetic nerves leave the cord,

are able to vasocongest from psychogenic sexual sti-

muli [92].

2. NEUROTRANSMITTERS OF THE GENITAL

RESPONSE

Nitric Oxide, ACh, VIP appear to be prime neuro-

transmitters contributing to clitoral engorgement

[81]. The results of female genital tract smooth

muscle cell cultures suggest a role of cAMP depen-

dent pathways via Prostaglandin E1, VIP and beta-

adrenergic receptors. The uncongested vulval struc-

tures are perceived to be under a tonic control via

adrenergic and possibly peptidergic sympathetic

vasoconstrictor mechanisms. Functional α1 and α2

adrenergic receptors in human clitoral and vaginal

smooth muscle are present [93]. Hormones influence

vascular function by genomic and non-genomic

means, by endothelial dependent and independent

means.

Regarding vaginal smooth muscle relaxation, there is

a neurotransmitter, the identity of which remains

illusive. Although it is thought that VIP and possi-

bly NO are involved [82, 83] in vaginal smooth

muscle relaxation, there remains a non-nitrergic

NANC response - not associated with any known

neuropeptides or purines [84]. Also, the agent for

contraction of nonvascular vaginal smooth muscle

involved in orgasm is not known. 

II. GENITAL CONGESTIVE 

RESPONSE

I. CENTRAL NEUROENDOCRINE

BASIS

D. BIOLOGICAL BASIS OF

AROUSAL AND DESIRE
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The woman's detailed account of her sexual difficul-

ties is crucial as many different types of problems

give rise to sexual symptoms. This comprehensive

history is summarized in Table 6. Note there are pre-

disposing, precipitating and maintaining etiological

factors.

1. COMPONENTS OF SEXUAL ENQUIRY

• Establish the sexual difficulties in the woman's

own words (e.g. cannot become aroused, always

has pain with intercourse).

• Clarify the context when activity is attempted,

including the adequacy of sexual stimulation,

the woman's feelings towards her partner at that

time, the safety and privacy of the situation.

• Enquire if the problem(s) is lifelong or acquired :

i.e. was there a time when the sexual problems

were not present. Lifelong dysfunction necessi-

tates more detailed psychosexual enquiry regar-

ding childhood, adolescence and past relation-

ships.

Acquired dysfunction necessitates careful enquiry

into the context (psychological and medical), sur-

rounding the onset of the dysfunction.

• Establish if the problems are situational or gene-

ralized (e.g. arousal may be minimal with her

partner but prompt with her own self-stimula-

tion/masturbation). Situational problems suggest

an absence of organic disruption of the sexual res-

ponse.

Situational problems may be adaptive - logical to

the problematic context and this has obvious

therapeutic relevance.

• Establish the rest of her sexual response cycle

(sexual interest, arousal, orgasm, satisfaction, and

I. COMPREHENSIVE SEXUAL,

MEDICAL AND PSYCHOSOCIAL

HISTORY

E. ASSESSMENT OF WOMEN’S

SEXUAL DYSFUNCTION
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Table 6 : Components of a comprehensive sexual, medical, psychosocial history



freedom from pain associated with sexual stimu-

lation or intercourse).

• Establish her partner's sex response cycle.

• Enquire about the reaction of both partners to the

sexual difficulties.

2. COMPONENTS OF MEDICAL ENQUIRY

Assessment of the current and past medical back-

ground is strongly recommended for all sexual dys-

functions - even when the concern is situational.

1. Establish current general health with systems

enquiry.

2. Establish current mood and mental health: note

impact of any anxiety/depression on sexual dys-

function.

3. Clarify current medications/substance abuse.

4. Document past medical, psychiatric, surgical his-

tory.

3. COMPONENTS OF PSYCHOSOCIAL HISTORY

Assessment of the psychosocial and psychosexual

history is strongly recommended for all sexual dys-

functions :

• Nature and duration of current relationship.

• Dynamics of current interpersonal relationship. 

• Clarify any negative/coercive/abusive experiences

(physical, sexual or emotional).

• Societal values/beliefs that are impacting on the

sexual problems.

• For most sexual problems, especially those that are

lifelong, the following further components are

necessary :

- Identify any past pattern of sexual relationships.

- Clarify the woman's sexual experiences as a tee-

nager (alone/partnered).

- Clarify developmental history, particularly rela-

tionships with parental figures, siblings, traumas

and losses.

1. SEXUAL INTEREST DISORDER/HYPOACTIVE

SEXUAL DESIRE

Enquire re possible etiological factors :

• Interpersonal issues

• Lack of useful sexual stimuli

• Lack of useful sexual context

• Psychological issues within the woman herself, e.g. 

- past negative experiences or abuse

- negative self-image 

- feelings of shame, guilt

• Expectation of negative outcome, e.g.

- partner sexual dysfunction

- poor sexual skills

- dyspareunia

- emotionally negative outcome

The following nine questions in Table 7 may be

helpful for the initial assessment of low desire/inter-

est :

II. COMPONENTS OF ENQUIRY FOR

INDIVIDUAL DYSFUNCTIONS
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Table  7 : Questions to clarify the complaint of low sexual

interest

• How long have you had these concerns with respect to

your sexual desire/interest?

• Currently would you feel some interest in sex from some-

thing that was potentially erotic to you, e.g. a picture, book,

movie, dancing?

• For many women, feeling emotionally close and able to

trust their partner is as important to them as sensing their

partner is physically sexually attractive.  How is the emo-

tional intimacy with your partner – the trust, ability to be

honest, ability to share feelings?

• Especially in longer-term relationships, women often start

out a sexual experience without any feelings of sexual

desire. However, they can respond to their partner or to

other sexual stimuli.  So I need to ask you about the cir-

cumstances when you consider being sexual, or when your

partner is instigating. Can you describe the circumstances?

• Can you in time, respond to the sexual touching and sti-

muli and then feel some desire to continue? 

• Can you stay focused and are you able to guide your part-

ner as to what pleases you - does anything negative happen

(the situation is not what you want or intercourse is attemp-

ted too soon, or there is pain). 

• Do you sometimes have positive sexual thoughts, sexual

daydreams and fantasies (even though you may not act on

them)?

• Many women self-stimulate – is that something you still

do from time to time?

• What would your answers have been to the above ques-

tions previously?



Note, some questions concern sexual arousal given a

lack of arousal precludes accessing desire during the

sexual experience.

2. AROUSAL DISORDERS

Evaluate the following components of arousal :

• Mental sexual excitement

e.g. from 

- reading, viewing, hearing erotica

- stimulating the partner

- receiving sexual stimulation to non-genital and

genital areas

- deliberate sexual fantasy or recall of sexual memo-

ries

• Direct awareness of genital congestion

- tingling, pulsing, throbbing in response to the

above stimuli, vaginal lubrication

• Indirect evidence of genital congestion

- progressively intense sexual sensations from direct

massaging of vulval structures with her fingers,

partner's fingers, partner's body, oral stimulation,

dildo, penile vulval contact.

• Cognitive and Affective Evaluation :

- Clarify her thoughts (Is she distracted, feeling

sexually substandard, worried the outcome would

be negative, aware that the situation is not safe

from STDs or pregnancy or will confirm again her

infertility, is she feeling used, not being conside-

red)

-  Clarify her emotions (Is there sadness, embarrass-

ment, guilt, awkwardness, displeasure [e.g. from

the giving of stimulation to the partner], are there

feelings of attraction to the partner ?)

3. ORGASMIC DISORDER (FOD)

• Clarify exactly what is unsatisfactory :- its absence,

delay, reduced intensity.

• Are there also concerns with arousal, i.e. is this

arousal disorder by definition ?

(If so - evaluate as above)

• Is there fear of letting go control ?

• Is the degree of trust and safety she needs to let go

control present ?

• What does she fear may happen ?

4. DYSPAREUNIA AND VAGINISMUS

The detailed assessment follows in the section on

sexual pain.

A careful focused pelvic exam is needed in the cir-

cumstances listed below. However, it must be

remembered such an examination is intrusive and

may elicit emotions linked to past coercive, abusive

and/or painful sexual experiences. It is highly recom-

mended that the procedure is explained in detail,

what will and will not occur and the woman's unders-

tanding and consent obtained. She may prefer her

partner or a nurse to be present. Details of the nature

of examination are given in Chapter 16 under the

heading of “Sexual Pain Disorders”.

• For women with dyspareunia - an educational exam

is often recommended - see section on “Pain Disor-

ders”.

• For women diagnosed with vaginismus, done in

progressive stages once fear of vaginal entry has

lessened with therapy an educational exam is

recommended.

• For women with genital arousal disorder. Informa-

tion will, of course, be limited because the genitalia

are in non-aroused state but estrogen deficiency or

more rarely, disease such as connective tissue

disorder, can be identified.

• For women with combined arousal disorders. Like-

ly there will be no abnormality - nothing arouses

these women subjectively be it written, visual, non-

genital physical stimulation and the evidence to

date is that their genital response is healthy. Never-

theless, a “normal” exam is highly informative to

the woman. It is also possible that a woman with

combined arousal disorder goes on to become

estrogen deficient - adding physical vulval atrophy

to her longstanding problems of disconnection from

genital events. 

• For women with neurological disease affecting pel-

vic nerves where a detailed neurological genital

exam is also necessary, clarify light touch, pressu-

re, pain, temperature sensation, anal and vaginal

tone, voluntary tightening of anus, and vaginal and

bulbocavernosal reflexes.

• For women with history of pelvic trauma

• For women with any disease potentially affecting

genital health.

• For women with acquired and lifelong orgasmic

disorder even if otherwise healthy (a normal exa-

mination is of therapeutic value).

III. PHYSICAL EXAM
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Physical examination may not be needed on some

occasions, e.g. the woman with low sexual desire or

interest for sex but who is otherwise completely

healthy. The complete physical exam is necessary

for the woman who has symptoms additional to those

sexual, e.g. fatigue, irregular menses. For women

with chronic medical conditions, a general exam will

be necessary to address mobility requirements for

sexual activity, and also cardiac and respiratory sta-

tus, given the physical demands of orgasm and inter-

course. The presence of stomas, catheters, urinary

diversions, or parts of the body that are giving rise to

chronic pain and influencing sexual enjoyment can

also be identified.

These are frequently unnecessary, but need to be

done when there are relevant symptoms or findings

in the general medical assessment. However, investi-

gations may be needed specifically for sexual symp-

toms, e.g. the vaginal discharge may need to be exa-

mined with microscopy and culture and sensitivity

when dyspareunia is considered to be potentially due

to infection. If sensitive and accurate assays for

androgens are available, they can be ordered to sup-

port a clinical diagnosis of insufficient androgen

activity.

If psychophysiological investigation is available, this

may be very helpful especially in identifying the

common inattention to apparently healthy genital

response [64]. However, the role of psychophysiolo-

gical testing in the clinical arena is currently unclear 

Comorbidity of sexual dysfunction in women is

common, especially sexual interest disorder (hypo-

active sexual desire) and sexual arousal disorders.

The following algorithm, Figure 4, parts 1 and 2,  is

recommended to aid diagnoses.

In addition :

a) Clarify if the Dysfunction is Lifelong or Acquired

- see page (859).

b) Clarify if a Dysfunction is Situational or Genera-

lized - see page (859).

c) Clarify Contextual Factors :

· PAST : negative upbringing/losses/trauma (physi-

cal, sexual, emotional), past interpersonal relation-

ships, cultural/religious restrictions.

• CURRENT : interpersonal difficulties, partner

sexual dysfunction, inadequate stimulation and

unsatisfactory sexual emotional contexts.

• MEDICAL surgical, psychiatric conditions, medi-

cations, substance abuse. 

Given that women's sexuality is contextual, there is

some difficulty with the concept of diagnosing a

woman as having a sexual dysfunction when the pri-

mary problem appears to be the “sexual context” in

which the sexual exchange occurs. However, she is

reporting that dysfunction is present even though

factors other than her own sexuality need to be high-

lighted. It is therefore strongly recommended to

include contextual descriptors within each diagno-

sis. 

d) Clarify the Degree of Distress

Mild, moderate, marked : in the absence of distress,

a disruption of sexual response (or lack of interest)

still has epidemiological but rather little clinical

importance. 

Construction of the woman's sex response cycle

noting the problematic areas is highly recommended

(for example, see Figure 5).

VI. FORMULATION OF SEXUAL

PROBLEMES
V. ESTABLISHING THE DIAGNOSES

IV. LABORATORY INVESTIGATIONS
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This section will focus on certain psychological fac-

tors potentially involved in the etiology of desire and

arousal disorders. The focus here will be on depres-

sion, anxiety and personality factors. By focused

inquiry into past and current psychological states, the

clinician elucidates the predisposing, precipitating,

and perpetuating factors implicated in the woman's

sexual difficulties, and is able to formulate a case

conceptualization. It must be noted at the outset that

there is a paucity of prospective, randomized

controlled trials in this area, largely attributable to

the ethical limitations involved in doing such resear-

ch.  In addition, two seemingly orthogonal research

streams have focused on the impact of psychological

factors in this way : one has employed controlled,

laboratory investigations that typically involve an

experimental manipulation; the other involves quasi-

experimental clinical investigations of individuals

with the psychological feature of interest. An attempt

will be made to integrate the findings from these two

streams of research. Studying psychological and per-

sonality factors may lead to a better understanding of

the mechanisms involved in the development of

sexual dysfunction. Such understanding also has

major treatment implications and may guide a com-

prehensive, multidimensional treatment approach.

The development of personality and psychological

profile begins before birth and continues life-long,

involving a complex interplay between biological,

psychological, and socio-cultural forces. One might

consider a diathesis-stress model in which psycholo-

gical factors present early in development interact

with life events to influence a particular sexual pro-

file. Alternatively, it is possible that the order of cau-

sation is reversed such that a particular sexual diffi-

culty may trigger or exacerbate psychological dis-

tress. Given that the predominance of research exa-

mining the relationship between psychological fac-

tors and sexual dysfunction relies on correlational

analyses, determining the order of causation is not

possible.

Studies that have examined general psychological

profiles have consistently found higher rates of psy-

II. GENERAL PSYCHOLOGICAL

FEATURES

I. PSYCHOLOGICAL

DEVELOPMENT

F. PSYCHOLOGICAL

ETIOLOGICAL FACTORS

INVOLVED IN AROUSAL AND

DESIRE DISORDERS IN

WOMEN
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chological distress in women with sexual dysfunc-

tion [95-100] as shown in Table 8. Where conflicting

findings arise, these can usually be attributed to dif-

ferent methodologies employed, as interview assess-

ment results in higher prevalence compared to paper-

and-pencil tests.

Anxiety has been conceptualized as consisting of a

chronic somatic component of overactivation, a

cognitive component focusing on perceived lack of

control, and a shift of attention to internal somatic

cues. In terms of the subjective experience, anxiety

can be characterized as a condition of anxious appre-

hension [102]. Research examining the role of anxie-

ty in sexual dysfunction has included both clinical

studies and controlled laboratory investigations.

Early psychodynamic theories placed a heavy

emphasis on anxiety as an important etiological pre-

dictor of sexual dysfunction. In Kaplan's influential

model of etiology [103], performance anxiety was

both a consequence of sexual activity, and a cause of

sexual dysfunction, and reflected the failure of psy-

chic defenses to prevent the emergence of anxiety.

Based completely on clinical experience, anxiety and

sexual arousal were thought to be incompatible with

each other. The empirical literature, however, sug-

gests such conclusions to be overly simplistic. 

The role of anxiety as a key etiological agent in the

genesis of sexual disorders has been highlighted in a

number of clinical research studies, as shown in

Table 9. One review found high levels of anxiety in

sexually dysfunctional individuals [104], however,

there was a high degree of variability in the amount

and quality of anxiety across individuals with diffe-

rent sexual disorders [117, 118]. Sexual aversion

tends to correlate highly with acute anxiety [106].

More recent studies on women with general sexual

dysfunction [107] as well as those with low sexual

desire [108] find higher rates of depression and

anxiety compared to sexually healthy women.

Worry, on the other hand, while it is associated with

many psychiatric disorders and especially anxiety,

did not appear to be a risk factor for sexual desire

problems in nonclinical populations [109].

Whereas most of the research examining the rela-

tionship between anxiety and sexuality has explored

anxiety in women with sexual dysfunction, some

research has looked at sexuality in women with

anxiety disorders - see Table 9. The literature sug-

gests a higher incidence of sexual difficulties in

women with anxiety disorders compared to non-

anxious women. For example, women with panic

disorder [110, 111] and obsessive compulsive disor-

der [111] show lower sexual desire than healthy

controls. Women with OCD are more likely to expe-

rience sexual difficulties, in particular avoidance of

sexual activity, than women with generalized anxie-

ty [112]. Social anxiety has also received attention as

it relates to sexual function. Compared to women

with panic disorder, a small retrospective study

found that those with social phobia have more diffi-

culties with orgasm than sexual aversion [114].

However, in a very large sample of college students

[113], as well as in a clinical sample of 40 socially

phobic women [115] social anxiety was very stron-

gly related to sexual difficulties, fewer sexual part-

ners, and greater unhappiness in sexual encounters. 

Overall, the empirical results provide evidence of a

significant relationship between anxiety and sexual

difficulties. Sexual disorders including impaired

arousal, desire and satisfaction are common com-

plications of various anxiety disorders. Looking at

the causal relationship of panic disorder and sexual

dysfunction, data indicate that there is either a coin-

cidence of panic syndrome and sexual phobia/aver-

sion or, more often, a panic experience during sexual

arousal. The results tend to confirm hypotheses clai-

ming that sexual phobics with panic syndrome are

not really afraid of sexuality, but rather of panicking

and losing control [119]. Van den Hout and Barlow

(2000) reviewed the empirical literature on sexual

disorders and anxiety disorders. In general they

found that anxious patients tend to selectively attend

towards perceived threat whereas patients with

sexual dysfunction focus their attention away from

relevant cues [116].

V. CLINICAL STUDIES ON SEXUAL

FUNCTION IN WOMEN WITH

ANXIETY DISORDERS

IV. CLINICAL STUDIES ON 

ANXIETY IN WOMEN WITH

SEXUAL DYSFUNCTION

III. THE ROLE OF ANXIETY IN

SEXUAL FUNCTION AND

DYSFUNCTION
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The notion that anxiety is associated with sexual dys-

function has been challenged by a number of well-

controlled laboratory investigations. Different tech-

niques for manipulating and inducing anxiety have

been explored, and sexual arousal has been assessed

by both subjective (e.g., self-report questionnaire)

and psychophysiological (e.g. vaginal photoplethys-

mograph) techniques, as shown in Table 10

In sexually healthy women, anxiety-inducing tech-

niques have been found to significantly increase psy-

chophysiological sexual arousal [79, 120, 121, 123].

Specifically, it appears as though anxiety's mecha-

nism of action may be via increased sympathetic

nervous system (SNS) activity given that exercise

[86] and other methods of SNS-facilitation [45]

enhance physiological sexual arousal. Subjective

sexual arousal, however, has been shown to be

increased [79] decreased [121], and unaffected [45-

47, 86] by these techniques. In women with hetero-

geneous sexual difficulties, anxiety significantly

improved genital sexual congestion [121, 123, 124].

In contrast, heightened SNS activity facilitated geni-

tal sexual congestion in women with low sexual desi-

re, but impaired it in women with orgasm disorder,

and there was no effect on subjective sexual arousal

[46].  Taken together, these results suggest that tech-

niques which facilitate SNS activity may have pro-

mise for improving genital congestion - but not sub-

jective sexual arousal.

Whereas anxiety historically has been linked to

impaired sexual function, more recent laboratory

evidence suggests potential enhancement of the

physical response, at least by some types of anxiety.

However, high levels of clinical anxiety are related

to impaired sexual function in the real life situa-

tion. Clearly, investigations that aim to clarify the

mechanisms by which acute and chronic anxiety

affect sexual function are needed. Moreover, resear-

ch must aim to identify the precise cognitive, affec-

tive, and/or physiological processes by which anxie-

ty and women's sexual function are related. The

ongoing work by Janssen & Bancroft exploring a

dual-control model of sexual excitation and inhibi-

tion in women as well as men, may clarify any role

of anxiety in women's predisposition to sexual inhi-

bition and to sexual excitement [11].

Loss of interest or pleasure is a hallmark feature of

depression. By extension, sexual interest is vulne-

rable to the effects of depression, and impaired

sexual desire has been found in the majority of

patients with depressed mood since the mid-1960s

[125]. The opposite may also be true in that disrup-

tion in sexual function may affect mood. As with

anxiety, two streams of research, one conducted in a

laboratory and other in clinical samples, has attemp-

ted to explore the relationship between depression

and sexual function - see Table 11.

Derogatis and colleagues administered the Symptom

Check-List Revised 90 (SCL-90R) to 325 male and

female outpatients seeking treatment for sexual dys-

function [95]. Of the 126 women, 50% were assi-

gned a psychiatric diagnosis. Specifically, major

depression was found to be a feature of women with

orgasm disorder and sexual pain disorder. Schreiner-

Engel and Schiavi [96] compared women with

impaired sexual desire to sexually healthy controls

on current and lifetime affective symptoms.

Although no patient met criteria for major depression

at study entry, women with impaired desire were

twice as likely as controls to have a history of major

depressive disorder. Interestingly, the major depres-

sive episode always either coincided with or prece-

ded the sexual dysfunction onset.

IX. CLINICAL STUDIES ON DEPRES-

SION IN WOMEN WITH SEXUAL

DYSFUNCTION

VIII. THE ROLE OF DEPRESSION IN

SEXUAL FUNCTION AND

DYSFUNCTION

VII. CONCLUSIONS : ANXIETY AND

SEXUAL FUNCTION IN WOMEN

VI. LABORATORY STUDIES ON

ANXIETY IN WOMEN WITH AND

WITHOUT SEXUAL DYSFUNCTION
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The literature on sexual function of depressed indivi-

duals is complicated by the effects of antidepressant

medication. Bartlik and colleagues reviewed the lite-

rature on sexual dysfunction secondary to depressive

disorders, concluding that loss of desire is a consis-

tent consequence of major depression, regardless of

antidepressant use [131]. Kivela found a strong asso-

ciation between low sex drive and depression in Fin-

nish women in their 60s [126]. Decreased libido was

also found to be a key feature in depressed patients

with Bipolar disorder [125, 128]. Most recently,

Kennedy and colleagues examined a consecutive

series of 79 women with Major Depression and

found that half the sample experienced problems

with sexual desire and arousal [129].

Frohlich and Meston compared depressed to non-

depressed college women using the Beck Depression

Inventory. The depressed group showed higher rates

of desire for sexual activity alone, despite more pro-

blematic sexual arousal, orgasm, pain, satisfaction,

and pleasure. This novel finding was explained by

the speculation that masturbation may reflect a

reliable form of pleasure compared to partnered

sexual activity [130].

Compared to the literature on anxiety and sexual

function, a strong, and clear relationship exists bet-

ween depressed mood and sexual dysfunction in

women. Given the retrospective design in the stu-

dies reviewed, it is difficult to determine the order of

causality, however, some have speculated that

depression may play a causal role in the develop-

ment of female sexual dysfunction. This literature

is complicated by the high number of medicated

depressed patients, thus precluding clear conclu-

sions. 

Compared to the research on psychiatric disorders

and women's sexual dysfunction, much less attention

has focused on the role of personality disorders - see

Table 12. An extensive exploration into the role of

personality factors in female orgasm failed to find

any major associations [132]. With respect to hypo-

active sexual desire disorder, Hartmann and col-

leagues studied 52 consecutive women diagnosed

with HSDD, and found significant disturbance with

emotional stability and self-esteem [31]. 

Some authors have speculated that such difficulties

are deep-rooted as opposed to acute reactions to the

sexual difficulty. Women with histrionic personality

disorder were compared to non-histrionic women

and were found to have significantly lower sexual

assertiveness, greater erotophobic attitudes toward

sex, lower self-esteem, and greater marital dissatis-

faction [133]. Despite lower sexual desire, more

sexual boredom, and greater orgasmic dysfunction,

this group displayed higher sexual esteem and

increased likelihood of entering into an extramarital

affair compared to non-histrionic women. Women

with borderline personality disorder show a similar

pattern in that despite sexual depression and dissatis-

faction, there were higher rates of sexual esteem and

sexual assertiveness compared to non-borderline

personality disorder women [134]. 

Sensation seeking, a characteristic of individuals

with narcissistic personality, has been found to be

related to increased sexual desire and arousability,

but is not associated with marital or sexual satisfac-

tion [135]. In an extensive review which included

individual differences pertaining to women's sexua-

lity, Andersen and Cyranowski [136] report that

developmental factors are important to consider

when examining the relationship between persona-

lity and sexuality. Specifically, older women see-

king treatment for mixed sexual dysfunctions had

higher Neuroticism scores [137] whereas in youn-

ger women, the trait of Extraversion was more pro-

minent [138]. 

XIII. PERSONALITY VARIABLES

AND WOMEN’S SEXUAL FUNCTION

XII. CONCLUSIONS : DEPRESSION

AND SEXUAL FUNCTION IN

WOMEN

XI. LABORATORY STUDIES ON

DEPRESSED MOOD IN WOMEN

WITH SEXUAL DYSFUNCTION

X. CLINICAL STUDIES ON SEXUAL

FUNCTION IN DEPRESSED WOMEN
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From the available literature it is apparent that perso-

nality features of low/fragile self-regulation and self-

esteem, as well as histrionic personality relate to

impaired sexual desire. Cluster B traits of histrionic

and borderline personality are associated with

increased sexual esteem, despite impaired sexual

desire and dissatisfaction. Additionally, developmen-

tal factors must be taken into account when conside-

ring the role of personality in women's sexual func-

tion and dysfunction. Given that personality factors

(i.e., trait of an individual) are much less amenable to

change than psychological reactions (i.e., state of an

individual), assessment of personality as it might

influence sexual health is important.

Given the links between low desire/impaired subjecti-

ve arousal, with depression, clinical anxiety disorders

and certain personality attributes, the following com-

ponents of the psychological assessment are recom-

mended. As the studies reviewed are mostly levels 2b

and 4, the grade of recommendation is B-C.

• Assessment of women's sexual function should

always take into account psychological and perso-

nality factors that might affect or be affected by the

current sexual difficulty.

• Regardless of antidepressant use, depression is

consistently related to sexual dysfunction, in particu-

lar low sexual desire. The clinician must assess

mood, and associated symptoms of depressive disor-

der, in women presenting with sexual difficulties.

• The temporal relationship between psychiatric

symptom and sexual difficulty should be assessed

in order to determine cause or effect. 

• Given the conflicting data on the role of chronic

versus acute anxiety in women's  sexual dysfunc-

tion, a clear assessment of the severity, chronicity,

and degree of anxiety is necessary to understand

what role, if any, anxiety plays in maintaining the

current sexual complaint.

• In order to distinguish if a personality or psycholo-

gical feature is influencing a given sexual concern,

and thus amenable to change, the clinician should

assess if such features are reflective of deep-rooted

personality factors (i.e., trait), or short-term reac-

tions (i.e., state).

Psychological therapy remains the mainstay of

management of women's sexual dysfunction.

Making deliberate changes in thoughts and attitudes

and in behaviour can lead to not only changes in the

mind (feelings and emotions) but changes in the

body's physiology - including sexual response. Psy-

chological management contains various elements.

Sensate focus techniques originate from the work of

Masters and Johnson [139] and consist of exchan-

ging physical touch, moving from non-sexual to

sexual touching. They resemble the systematic

desensitization approach common to behaviour the-

rapies, in that anxiety-reduction is incorporated

throughout the process. Sex therapy may also

address the woman's distractions during sexual sti-

mulation, promote more varied and/or more prolon-

ged sexual stimuli, and encourage the couple to

guide each other as to their required sexual stimula-

tion. Safety, privacy, optimal timing of sexual

contacts can also be addressed. Cognitive-behaviou-

ral therapy (CBT) adds attention to cognitive

restructuring of distortions and myths that may be

related to the sexual difficulty, and places a heavy

emphasis on “in session” and homework assign-

ments. The behavioural changes may include addres-

sing the lack of required sexual stimuli and/or

addressing the sexual context, including privacy,

safety, what has occurred prior to attempting sexual

activity, what will follow, as well as concurrent

demands, e.g. sleep, care of children. Couple thera-

py is commonly a component of, or adjunct to sex

therapy, and focuses on interpersonal issues such

as communication training that affect the sexual

relationship. Psychodynamic therapy has also recei-

ved much attention as it relates to female sexuality.

This therapy tends to focus on issues in the woman's

past developmental period that influence current

sexual function, especially her arousability (factors

governing the information processing of the sexual

stimuli). Particular attention to family of origin as

well as the parental relationship can often provide

important insights into the current sexual difficulty.

Schnarch proposes that as part of systemic therapy,

sexual differentiation (i.e., ability to balance desire

I. PSYCHOLOGICAL TREATMENTS

G. MANAGEMENT OF DESIRE

AND CORMORBID SUBJECTI-

VE AROUSAL DISORDERS

XV. OVERALL CONCLUSIONS

XIV. CONCLUSIONS : PERSONALI-
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for contact with desire for uniqueness) is important

for relationship and sexual health [140].

This section will review psychological treatments for

hypoactive sexual desire disorder and combined

desire and arousal disorders, including studies cited

in the review by Heiman and Meston [141] as well as

additional investigations that have been published

since 1997. Most are of Levels 3, 4, and 5 evidence.

A literature search resulted in only one relevant ran-

domized controlled trial.

1. DIFFICULTIES WITH OUTCOME RESEARCH

Research on efficacy of sex therapy is challenged by

a number of factors that make this type of research

difficult and inconclusive. (1) Women's sexual com-

plaints may take the form of formal DSM-IV dia-

gnoses such as lack of, or diminished sexual desire

or interest, or pain during both genital and non-geni-

tal sexual activities [142, 143]. However, women's

sexual complaints also include dissatisfactions that

do not involve observable or perceived physical

impairment but rather, unobservable factors related

to pleasure, enjoyment, satisfaction, or passion.  The

International Classification of Diseases - 10, ack-

nowledges this by noting the “anhedonia/lack of

sexual enjoyment” category [56]. Although these

components are recognized by the treating clinician,

they tend not to receive detailed attention in efficacy

research. As such, our outcome research may be tar-

geting and/or detecting changes in aspects of the

sexual response that are less important for women

than these more ubiquitous aspects. (2) Given the

biopsychosocial complexity of the sexual response,

it is difficult for researchers to agree on what end-

point variables should be assessed as indicators for

response to treatment. (3) Researchers also have not

reached consensus on the degree of change which

denotes improvement versus no change. Historically

intercourse frequency was the gold-standard indica-

tor of sexual function ; however, exclusive focus on

this variable ignores the rich complexity of sexuality

that cannot be captured by a simple frequency count

of one particular act. In their review, Heiman and

Meston (1997) criticize this literature for employing

small sample sizes, failing to include adequate

control groups, lacking randomization, unclear des-

criptions of diagnostic criteria which prohibit repli-

cation, failing to include long-term follow-up data,

and incomplete descriptions of the therapy technique

utilized, again prohibiting replication [141]. This

research area also has not historically employed

treatment manuals or assessment instruments with

good psychometric properties. Lack of recognition

of this topic as a high priority by major granting

agencies, and minor incentive for pharmaceutical

companies to fund psychological efficacy studies

may explain the paucity of well-controlled randomi-

zed trials of psychological therapy. 

2. MASTERS AND JOHNSON SEX THERAPY

In 1970 Masters and Johnson published their effica-

cy studies conducted on 500 couples seen in their

institute [139]. Briefly, treatment was administered

2-3 times/week by a male-female therapist duo, and

outcome was assessed with one item (i.e., success or

not) by these clinicians. Success rates reached 72%

for female anorgasmia and 98% for vaginismus, with

a mere 5% relapse rate after five years. Given the

expensive, intensive, and unfeasible nature of Mas-

ters and Johnson's model of sex therapy, there has

been no replication of their findings. However, this

body of research stimulated an attempt at exploring

which component(s) of their therapy were respon-

sible for improving sexual function. In a large clini-

cal trial of 365 married couples presenting to a sex

therapy clinic with heterogeneous sexual complaints,

65% of the couples responded to behaviour therapy

with improved outcomes. Specifically, the amount of

sensate focus was most strongly predictive of a posi-

tive outcome [144]. However, it is unclear which

sexual complaints specifically benefited from treat-

ment and the outcome measure was simply a clini-

cian-judgement of the primary sexual complaint.

Most women complaining of low desire are in fact

suffering from a concomitant sexual arousal disorder

[35, 36, 38-40]. However, with a model of lubrica-

tion difficulties as the central focus in arousal com-

plaints, lack of wanting sexual experience, for wha-

tever reasons, has been termed low sexual desire. In

fact, as reviewed in Basson (2002), the data support

the conclusion that women can enjoy healthy and

rewarding sexual lives, despite minimal awareness

of desire, and the latter is not typically their primary

III. SEXUAL DESIRE DISORDERS

II. REVIEW OF EFFICACY OF

PSYCHOLOGICAL THERAPY
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incentive for seeking sexual activity [61]. Few publi-

shed efficacy studies exist for sexual desire disorder.

Numerous published descriptions of treatments for

this condition exist, but few meet criteria for eviden-

ce-based treatment [140].

Crowe and colleagues compared traditional sex the-

rapy with marital therapy and relaxation training in

48 couples presenting with erectile dysfunction, low

sexual desire, and anorgasmia. Although results sug-

gest that the sex therapy improved self-reported desi-

re, data were not examined by gender or by indivi-

dual diagnosis [146]. The outcome data of Zimmer

(1987) faced similar confounds in that although their

treatment showed benefit of sex therapy over relaxa-

tion training, data were not examined separately by

presenting problem [147]. Hawton employed a

modified Masters and Johnson approach in his pros-

pective, non-controlled study of a community

sample of couples. Sexual desire difficulties were

significantly improved in 56% of the couples follo-

wing treatment, however 75% of the sample relapsed

at 1-6 years post-treatment [148]. Hurlbert investiga-

ted the efficacy of orgasm consistency training for

the treatment of female desire disorder [149].

Women received either standard sex therapy or sex

therapy plus orgasm consistency training (directed

masturbation) in addition to sensuality exercises,

communication training and education. Both groups

demonstrated greater sexual arousal, assertiveness,

and satisfaction, but the combination group expe-

rienced greater overall improvement. The efficacy of

CBT in women with sexual desire disorder has been

examined in two studies [150]. McCabe found that

CBT in a sample of women seeking treatment for

mixed sexual dysfunction resulted in 54% of the

sample retaining this complaint following treatment.

However, the findings are limited in that a large

number of the women had multiple sexual dysfunc-

tions, and there was the absence of a comparison

control group. In the only published study testing the

efficacy of a psychological treatment for impaired

desire against a control group, CBT was adapted to

specifically target relevant causal factors implicated

in impaired desire [151]. Only 26% of women with

HSDD randomized to the CBT condition met dia-

gnostic criteria for this disorder at post-treatment,

and this stabilized to 36% at one-year follow-up.

Compared to the control group, CBT also led to

significant improvements in: the quality of the sexual

and marital life, sexual satisfaction, perception of

sexual arousal, dyadic adjustment and cognitions,

sexual repertoire and pleasure, sexual self-esteem,

motivation, depression, and anxiety, and fewer dys-

functional negative cognitions - see Table 13.

Basson (1996) reviewed important factors to consi-

der when treating low desire that appears to be

beyond the common lessening with relationship

duration [152]. She highlighted the importance of

attention to the emotional intimacy and other contex-

tual factors that historically promoted healthy res-

ponsive sexual desire. In addition, management

should address the cause of the non-rewarding out-

come of the sexual encounter. Once these factors

have been identified, they can receive focused atten-

tion and intervention. These claims are based on

level 4 and 5 evidence [153].

There are no published outcome studies focusing on

the psychological treatment of arousal disorders in

women. This may largely be attributable to the pre-

viously mentioned high degree of comorbidity bet-

ween desire and arousal disorders, as well as desire

and orgasm disorders. 

Recently, attention to one aspect of dysfunctional

sexual arousal has increased. The success of vasoac-

tive agents in the treatment of male sexual arousal

(i.e., erectile disorder), has prompted a focus on

women's genital congestion and the testing of similar

vasoactive products. Lack of recognition of the need

to distinguish impaired genital congestion from

absence of subjective arousal (despite genital

congestion) has limited progress in this area - see

section on “Genital Arousal Disorder”. 

The place of pharmacological management for

women's complaint of low desire is unclear. Given

the broad normative range of women's appreciation

of “sexual desire” in sexually content women and the

importance of subjective arousal once sexual stimu-

lation has begun, which then generates sexual desire,

the appropriate outcome criteria for any “desire

drug” remain to be determined. Two studies have

been reported - both with bupropion hydrochloride.

A 12-week double-blind placebo controlled study

V. NON-HORMONAL

PHARMACOLOGICAL TREATMENT

OF LOW SEXUAL DESIRE

IV. SEXUAL AROUSAL DISORDERS
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showed statistically significant benefit for non-

depressed women with a spectrum of sexual com-

plaints, including sexual aversion, low sexual desire,

“low sexual excitement” and impaired orgasm.

Whereas 19 of the 30 women with active drug

improved - only one did so on placebo. Analysis was

not performed separately according to diagnostic

group [154]. Of a group of non-depressed women

diagnosed with hypoactive sexual desire receiving

bupropion hydrochloride in single-blinded manner,

29% responded. None had responded to an initial

four-week placebo phase [155]. Larger placebo-

controlled randomized trials of bupropion or other

molecules altering the neurotransmitters known to

influence desire, or more importantly, subjective

arousability to sexual stimuli, including dopamine,

serotonin and noradrenaline, are awaited.

Based on clinical observation and experience, as

well as a few empirical studies [156, 157], there are

several factors that appear to be related to successful

treatment outcome. These are summarized in Table

14.

Traditional sex therapy (with sensate focus) has been

the most widely investigated psychological approach

to treating hypoactive sexual desire disorder in

women, and although efficacy rates are not as

impressive as those from Masters and Johnson's data,

there is still some empirical support for this treat-

ment. Additionally, there appears to be good data

supporting the use of CBT in couples with hypoac-

tive sexual desire. Clearly these results require repli-

cation. Partially due to the inherent difficulty in tes-

ting its efficacy, there are no randomized controlled

trials of psychodynamic treatment, despite the clini-

cal experience of its need and efficacy. There is very

modest evidence of benefit from the use of bupro-

pion HCl in some women with low sexual desire.

Acknowledgement that sexual desire per se (as in

sexual thinking, fantasizing, or needing to mastur-

bate, awareness of sexual desire before any sexual

stimulation begins), has a broad normative range

amongst women is important. What may have grea-

ter therapeutic benefit is a focus on women's dis-

tress around having little sexual interest/motiva-

tion/incentives for sexual activity. Lastly, there are

VII. CONCLUSIONS AND

RECOMMENDATIONS

VI. FACTORS ASSOCIATED WITH

GOOD PROGNOSIS IN SEX 

THERAPY
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Table 14.  Factors associated with positive outcome in sex therapy trials.

Factors associated with positive outcome  Study Level of Evidence

in sex therapy trials

Overall quality of the couple’s non-sexual relationship Hawton & Catalan, 1986 [158] 4

Couple’s motivation to enter treatment Whitehead & Mathews, 1986 [159] 4

Hawton, Catalan, & Fagg, 1991 [160] 2c

Degree of physical attraction between partners Hawton, 1995 [156] 5

Absence of major psychiatric disorders Hawton, 1995 [156] 5

Evidence of early homework compliance Hawton, 1995 [156] 5

Attention to systemic issues in the relationship Besharat, 2001 [161] 2a

Milan, Kilmann, & Boland, 1988 [162] 2c

Male partner’s motivation to obtain a successful outcome Hawton, Catalan, & Fagg, 1991 [160], 2c

Hirst & Watson, 1997 [163] 4

Amount of sensate focused completed in the last week Sarwer & Durlak, 1997 [144]

of treatment 2c



no published psychological efficacy studies for

women with any type of arousal disorders. It is

recommended that the focus on loss of subjective

sexual arousal is made in future studies. 

In summary :

• Benefit from psychological treatment has been

unclear in part due to outcome measures that reflect

male sexual desire but show a broad normative

range across sexually healthy women

• Improvement in subjective arousal and excitement

is rarely addressed despite the data confirming its

importance relative to genital congestion.

• Cognitive-behavioural techniques show efficacy in

women with low desire - Grade B-C and deserve

research attention in the treatment of women with

subjective arousal disorder.

• Despite the frequent clinical occurrence of non-

sexual psychodynamic factors negatively influen-

cing women's sexual arousal and interest and the

frequent recommendation for psychodynamic treat-

ment, due to inherent difficulty in testing efficacy,

there have been no randomized controlled trials.

The recommendation for this treatment is thus -

Grade D.

• Techniques that improve homework compliance

early-on may lead to better outcomes with sex the-

rapy - Grade D.

• Prognostic factors related to the interpersonal rela-

tionship such as quality of the non-sexual relation-

ship, couple's motivation for treatment, degree of

physical attraction, and systemic issues in the rela-

tionship are important predictors of positive res-

ponse to treatment in sex therapy - Grade B-C.

Delineation of the likely small subgroup of estrogen

replete women complaining of difficulty with genital

congestion is only recent [35, 43, 88, 164, 165].

Early evidence suggests that history alone may not

delineate which women will respond to phospho-

diesterase inhibitors [88]. Whereas benefit is expec-

ted in some women with autonomic nerve damage

[166], women with presumed vascular etiology are

difficult to identify. A small recent laboratory based

placebo-controlled study of women clinically dia-

gnosed with physical/genital arousal disorder sug-

gested only some might benefit from Sildenafil [88].

The use of the vaginal photoplethysmograph appea-

red to identify those women. Of 34 postmenopausal

estrogenized women with acquired genital arousal

disorder only those with clearly abnormal vasocon-

gestive response to an erotic visual stimulus appea-

red to show benefit in terms of ease of genital arou-

sal and orgasm under laboratory conditions [88].

Sildenafil has not been shown to be of benefit to

women with broad spectrum sexual dysfunction

including arousal disorder, in either large [35] or

small [167] studies. Women identified as having

DSM-IV arousal disorder (note : there the focus is on

absent lubrication and swelling, i.e. the subgroup

now classified as having genital arousal disorder) but

no DSM-IV diagnosis of hypoactive sexual desire

disorder did show benefit beyond placebo in a very

recent study [164]. The Table 8 summarizes studies

to date (Table 15).

Studies of women who were not identified as having

sexual dysfunction do show benefit over placebo

(and some studies show benefit over other forms of

HRT) in terms of sexual satisfaction, genital respon-

sivity, coital comfort, subjective arousal and sexual

desire/interest - see Table 9.

For women who are estrogen deficient, local estro-

gen treatment is highly recommended as first line

treatment for genital arousal disorder - please see

section on “Estrogen Treatment”.

III. THE USE OF ESTROGEN FOR

GENITAL AROUSAL DISORDER

II. USE OF TIBOLONE FOR 

GENITAL AROUSAL DISORDER

I. USE OF PHOSPHODIESTERASE

INHIBITORS FOR GENITAL

AROUSAL DISORDER

H. MANAGEMENT OF

GENITAL AROUSAL DISORDER
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Table  15 : Pharmacotherapy for women’s genital arousal disorder: use of sildenafil

Key:

*        SFQ Thirty-one item sexual function questionnaire.

**      GEQ Global efficacy question

***    SCI Spinal cord injury

****  IFSF Index of female sexual function 
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Table  16 . Pharmacotherapy for women’s genital arousal disorder: tibolone



In clinical practice most women complaining of lack

of orgasm have comorbid lack of subjective arousal

[40]. However, high/adequate arousal that is not

released with orgasm(s) may cause distress to the

woman. It frequently causes distress to the partner. 

For situational orgasm disorder (orgasm with mas-

turbation but not with the partner) :

• the focus of therapy is on the relationship, espe-

cially the issues of trust and safety such that the

woman can be vulnerable. The partner may need

information regarding the woman's sexual function.

Both may need to hear that women usually need to

guide the partner as to the stimulation they need. 

For generalized orgasm disorder :

• Cognitive behavioural therapy is recommended.

This focuses on promoting changes and attitudes in

sexually relevant thoughts. Behavioural exercises

traditionally prescribed include direct masturba-

tion, sensate focus and desensitization - Grade B.

• Anxiety reduction techniques are best suited for

anorgasmic women only when sexual anxiety is

coexistent - Grade C.

• Components of treatment programs including edu-

cation, communication skills, Kegel exercises are

recommended only as adjuncts to CBT - Grade C.

• No pharmacological agents can be recommended.

(Only open labeled studies have suggested benefits

e.g. with bupropion, granisetron) - Grade B.

Hormones are of obvious critical importance for

sexual and reproductive function. Follicle matura-

tion, ovulation and pregnancy maintenance depend

on pituitary and gonadal hormones. Puberty does not

occur in the absence of the normal rise in levels of

these hormones and the onset of conscious sexual

feelings occurs at puberty. Mood and well being are

substantially affected in many women by cyclic

shifts in estrogen and progesterone [175]. In contrast,

though testosterone levels fluctuate substantially in

men during the day, these have not been clearly rela-

ted to changes in libido or well being, though chro-

nic deficiency of testosterone has. 

The impetus for treating women who complain of

decreased libido with testosterone comes from the

assumption that this hormone will play a similar role

in women's sexuality as it does in men's. Cross-sec-

tional and cohort studies of sexual function and tes-

tosterone levels are inconclusive - see Table 17.

Experimental evidence of sexual benefit from testos-

terone administration is suggestive but not conclusi-

ve - see Table 18. It is not clear from any human data

if sexual benefit from testosterone is via the andro-

gen receptor or solely via the estrogen receptor from

aromatization of testosterone to estradiol. The major

effect of testosterone, therefore, could simply be to

decrease SHBG and thereby make estrogen more

available. This remains an unanswered question. To

add further complexity, it is of note that women with

complete androgen insensitivity syndrome mostly

report healthy desire and response [176].

Table 18 summarizes studies investigating short-

term sexual benefit of testosterone treatment. A

much quoted early study used testosterone enanthate

producing total T levels several times the upper

female normal -- comparable to those seen in severe

polycystic ovary syndrome or hyperthecosis [180].

Several other studies have reported improvement in

a variety of parameters related to sexual activity

and satisfaction. Though the doses used were more

moderate, all produced blood levels which were

supraphysiological or for a few, close to the upper

end of the normal range for premenopausal

women-- which may be definitely supraphysiologi-

cal for postmenopausal women. Note a biologically

optimal testosterone range for postmenopausal

women has not been established.

Another early study employed implants of testoste-

rone and estradiol which produced high normal total

T levels [181]. However, a recent study used a tes-

tosterone matrix patch to administer transdermal tes-

tosterone to women already receiving CEE. This

delivery method has the advantage of producing rela-

tively steady-state levels and avoids the initial very

I. RANDOMIZED CONTROLLED

STUDIES OF SHORT TERM

TESTOSTERONE THERAPY

J. ROLE OF ANDROGENS IN

WOMEN’S SEXUAL FUNCTION

AND DYSFUNCTION

I. MANAGEMENT OF

ORGASMIC DYSFUNCTION
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high levels produced by testosterone enanthate and

other esters as well as the oral preparation, testoste-

rone undecanoate. In the patch study, the delivery of

300 µg T daily showed sexual benefit and produced

elevated total T levels and free T levels near the top

of the menstrual age normal range [182]. Of interest,

later data analysis found that in women aged up to

48, outcome did not differ between active and place-

bo whereas in the over 48 age group, the difference

was significant. A possible interpretation would be a

greater contribution of purely biological factors in

diminished sexual interest in women after the fifth

decade. Further investigations of the interaction of

age and other factors with women's diminished

sexual interest to better define differences in etiolo-

gy, are needed. In another recent study using testos-

terone undecanoate, testosterone levels were clearly

supraphysiological [183].

The combination of methyl testosterone and esteri-

fied estrogens has been the most widely used prepa-

ration in the United States, though studies reporting

efficacy re improved sexual function are recent. This

preparation compared to estrogen alone was studied

in an RCT which found improvement in sexual func-

tioning with the combination [184].

A very recent level 1b 4-month trial of 1.25mg

methyl testosterone plus 0.625mg esterified estrogen

showed increase in the total score for desire/interest

in a new validated questionnaire (SIQ) (measuring

level of desire, distress re low desire). The women

were naturally or surgically menopausal and their

low desire dated from menopause. An increase in

frequency of desire did not reach statistical signifi-

cance, sexual arousability was not measured and

scores in the BISF-W responding to interest/desire

did not change significantly. There were, however,

highly significant correlations between changes in

bioavailable testosterone and changes in interest

using the SIQ. The unmeasured androgenic activity

of the methyl testosterone itself, as well as borderli-

ne high bioavailable testosterone levels are the major

concerns precluding any recommendation regarding

clinical use of this formulation based on this study.

Moreover, the women with natural menopause were

not receiving a progestin for the duration of the study

[185].

A recent study reported the beneficial results of

administration of transdermal testosterone adminis-

tration to premenstrual age women complaining of

diminished sexual interest for which neither psycho-

logical nor contextual cause had been found [70].

However both total testosterone and free testostero-

ne index were elevated in the treatment group. The

study population appears to have been somewhat

heterogeneous. Hirsutism ratings increased only

slightly, however the insensitivity of such ratings is

discussed below in reference to Shifren, et al. Meta-

bolic safety parameters (lipids, insulin, glucose)

were not reported - see Table 18.

In summary, though an effect of testosterone admi-

nistration to women complaining of diminished

sexual interest and satisfaction to improve these

894

Table  17 : Level 4 evidence from cross sectional and cohort studies of sexual response and testosterone values

note: limitations of testosterone assays in these studies

STUDY DETAILS LOE

Cawood,1996 [22] 141 women aged 40-60 in No hormonal parameter correlated with 4

representative community survey. any measurements of sexual desire and response

Dennerstein, 2002 [72]  

438 women observed over 8 years across the Sexual response and desire correlated with 2b

menopause transition. estradiol levels and not with testosterone.

Leiblum, Bachmann, 1981  [177]

59 women aged 60-70 not identified as having Free testosterone correlated with levels of sexual desire 4

sexual problems.

Nathorst-Boos, 1992  [178] No correlation with sexual variables and T or 

700 women with hysterectomy +/- or minus free T (and no differences between the two groups). 2b

BSO +/- ERT.

Conaglen, 2003  [179] Compared to controls, hirsute women had lower sexual 2a

29 hirsute women given cyproterone acetate desire at baseline. One-third experienced further reduction

and estradiol for 12 months. of desire during antiandrogen treatment. Self-esteem

increased  in the majority. No significant correlation 

between any androgen levels and desire.
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Table  18 : studies examining short-term benefit of testosterone therapy



outcomes has been found by most, though not all,

RCTs, this constitutes level 2b evidence in view of

use of different preparations, low numbers, short

duration, different outcome measures between stu-

dies and statistical significance on only some of

multiple measures. It is not known if short-term

therapy could allow long-term benefit and there is

zero long-term safety data.

Despite documented progressive loss of DHEA and

DHEAS in women (as well as men) [190], from late

30s onwards, results of DHEA supplementation to

improve sexual health have been conflicting - see

Table 19. Measurement of adrenal androgens in

otherwise healthy women with and without sexual

dysfunction is needed. 

Although an “androgen deficiency” syndrome in

women has been described, this does not meet usual

criteria in endocrinology for establishment of a defi-

ciency state, which may be formulated as follows :

1) Symptoms regularly associated with low levels of

the hormone as determined by measurement of

hormone levels.

2) Relationship of symptoms to the established bio-

logical actions of the hormone.

3) Reversal of symptoms upon administration of the

hormone in doses which establish normal blood

levels. Effects at pharmacological doses do not

establish a deficiency state. 

None of these criteria are fully met with testosterone

administration to women with diminished sexual

interest or other sexual dysfunction.

A specific level of testosterone in women which can

be considered diagnostic of androgen deficiency

has not been established. While some studies have

claimed that women with diminished interest are

more likely to have low testosterone levels than

women without this complaint [196, 197], these are

limited by the fact that results on women with dimi-

nished libido were compared to laboratory normal

ranges rather than to a matched control group i.e. this

is level 4 evidence. Other studies have found no cor-

relation between androgen levels and sexual interest

or activity [22, 179, 198]. A study of women in their

twenties and thirties presenting with complaints of

low desire compared to control women, also did not

find a difference in free testosterone levels [199]. In

premenopausal hirsute women, treatment with the

antiandrogen cyproterone acetate combined with

CEE, though it lowered free testosterone levels did

not alter sexual parameters other than being associa-

ted with increased coital frequency. This was based

on comparison to baseline [200]. A recent study has

shown similar androgen and SHBG values in sexual-

ly healthy naturally menopausal women and women

with surgical menopause complaining of low sexual

desire [201].

III. ANDROGEN DEFICIENCY

SYNDROME

II. RANDOMIZED CONTROLLED

STUDIES OF DHEA THERAPY
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Table  19 : Placebo controlled trials of DHEA

Study Details Loe

Arlt, 1999  [191] 24 women with Sexual interest and satisfaction increased 1b

androgen insufficiency. after 4 months on 50 mg DHEA daily giving low 

physiological levels for 4 months

Lovas, 2003 [192] 39 women No change in sexual desire and satisfaction or 1b

with Addison’s disease. response with 25 mg daily DHEA for 9 months.

Hunt, 2000 [193] 24 women No sexual benefit from 50 mg DHEA daily for 3 months. 1b

with Addison’s disease.

Barnhart, 1999  [194] 66 perimenopausal No sexual or well being benefit compared to placebo

women with reduced well being and after 3 months. 1b

reduced sexual desire.

Baulieu, 2000  [195] 140 women Sexual activity, arousal, satisfaction but not desire increased 1b

60-79 years old with general aging compared to placebo only in women over 70 years, after

symptoms 12 months.



One further study did show lower free testosterone

levels in women with lifelong absence of sexual

interest [202]. Unfortunately, hormones were measu-

red only once ; the relation to a lifelong problem is

therefore uncertain. Evidence for lower testosterone

in women with diminished sexual interest does not

meet even level 4 criteria in view of inconsistent

results, diversity of populations studied as well as

absence of controls in some studies.

To some degree conflicting data may be due to pro-

blems in measuring testosterone including lack of

assay specificity and circadian variation. Free tes-

tosterone, preferably measured by equilibrium dialy-

sis -- unfortunately rarely available in clinical set-

tings -- correlates more closely with the biological

effects of the hormone than does the total because

most of the circulating testosterone is bound to

SHBG which prevents diffusion into tissues. Accor-

dingly the free fraction should be measured. Ana-

logue assays for free-testosterone are unreliable and

not recommended. Free testosterone can be estima-

ted from the SHBG, albumin and total testosterone.

However, the measurement of total testosterone is

also problematic. Whatever method is chosen, it

must be adequately validated. There are, unfortuna-

tely, no simple assays of total testosterone that have

been shown to produce reliable results at the low

levels found in many women. Direct immuno assays

are not problem free either, particularly because of

cross-reactivity with other steroids, markedly so at

low testosterone concentrations. 

It is difficult to make these direct amino assays both

accurate (by various techniques) and cost effective.

The preferred method is liquid chromatography with

mass spectrometry. Weakly bound testosterone, ie

“bioavailable testosterone” may correlate slightly

better with hormone action than the free testosterone

but it is less widely used and no specific relevance to

evaluation of women's sexual complaints has been

established. 

A further major complicating factor is that much tes-

tosterone activity is derived from intracellular pro-

duction of testosterone from ovarian and adrenal pre-

cursors [190]. This intracellular testosterone cannot

be measured. Estimating testosterone activity from

the measurement of testosterone metabolites (glucu-

ronides) is not yet standardized. 

Free testosterone is reduced by about 50% by many

oral contraceptives and may also be reduced by

concomitant administration of glucocorticoids. In the

case of oral contraceptives, this reduction has not

been convincingly shown to result in reduced sexual

desire or activity [203-205].

The RCTs reporting that some women do report

higher sexual desire with administration of testoste-

rone in controlled studies did not establish that the

women who responded had lower testosterone levels

than non-responders or than women without sexual

complaints. Of equal importance, studies have not so

far clarified what factors predict response, other than

age over 48 years [182].

The question as to whether testosterone levels are

lower in ovariectomized women throughout postme-

nopausal life, continues. There is level 2b evidence

on both sides [201, 206]. The belief that levels are

indeed lower has led to an assumption that removal

of the ovaries peri or post menopause is associated

with decreased libido, however, this has not been

validated in appropriate studies. Nor has it been

determined whether women who have undergone

surgical removal of their ovaries are more likely to

respond to exogenous testosterone than those with

natural menopause. 

As no studies have established that testosterone

blood level is predictive of response, patient selec-

tion is problematic. Furthermore, many women with

diminished desire who are treated with testosterone

do not respond. This is in contrast to treatment of

recognized deficiency syndromes in which virtually

all treated individuals respond. In women under age

48 in the patch study, response to placebo and tes-

tosterone were identical [182].

VI. PATIENT SELECTION

V. TESTOSTERONE PRODUCTION

BY THE POSTMENOPAUSAL OVARY

IV. MEASUREMENT OF

TESTOSTERONE
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At this time, knowledge is simply the observation

reviewed above, statistically significant in some

relatively short term studies, that some women who

complain of low sexual interest and response do

show increases in related study endpoints on testos-

terone regimens which produce slightly or overtly

supraphysiological levels. This observation is

important, considering the high incidence of repor-

ted low sexual interest and loss of arousability and

the subjective distress it sometimes, though not

always [1], produces. However at this time, eviden-

ce-based criteria for patient selection do not exist.

1. ENDOGENOUS HIGH LEVELS OF

TESTOSTERONE

A variety of conditions such as polycystic ovary syn-

drome, congenital adrenal hyperplasia and others

are associated with testosterone excess in women

[207]. In these conditions, testosterone levels vary

from borderline to severely elevated. Experience

with these conditions demonstrates potential adver-

se effects of androgens on women. The changes in

the appearance of hair and skin are direct effects of

testosterone and the resulting effects are particularly

disturbing for women. Greater sebum production, is

the initial event leading to acne. Testosterone also

alters hair follicle activity, inhibiting it in the case of

scalp hair and stimulating it on specific areas of face

and body including upper lip, chin, sideburns and

cheeks, midline of chest and abdomen, periareolar

area, lower back and legs. Axillary and pubic hair

appear in girls at puberty as a direct result of increa-

sed adrenal and ovarian production of testosterone.

Increased testosterone action can stimulate extension

of pubic hair down the thighs and up toward the

umbilicus. Differences in scalp and body hair are

important determinants of perception of gender. 

2. DERMATOLOGICAL EFFECTS OF

EXOGENOUS TESTOSTERONE

Unfortunately, published studies have not used ade-

quate methodology to assess the incidence and seve-

rity of the effects of administered testosterone on

women's skin and hair. For example, the study repor-

ted by Shifren, et al [182] found no difference in hir-

sutism ratings but did find significantly more fre-

quent removal in treated as compared to placebo

women, suggesting that the rating system was insuf-

ficiently sensitive. Crossover design further compli-

cated safety assessments as all subjects received acti-

ve for 6 out of 9 months and the skin and hair

changes may be permanent. A further limitation of

such studies is that they have generally lasted only

several months while appearance of these testoste-

rone effects can be gradual over a period of years.

That many women who present for medical evalua-

tion of acne, hirsutism and androgenic alopecia

have testosterone levels at the high normal range

indicates that a small increase in blood level might

engender such changes to a distressing degree.

3. METABOLIC EFFECT OF EXOGENOUS

TESTOSTERONE

In PCOS and other clinical syndromes, testosterone

excess has been associated with hyperinsulinemia,

with unfavorable lipid changes, with hypertension

and with an increased later risk of cardiovascular

disease. Generally these complications are observed

in women who are significantly obese. While it

appears that hyperinsulinemia is usually the cause

of hyperandrogenism, there are some reports of

situations in which hyperandrogenism causes insu-

lin resistance [208]. Further research is needed to

be certain that testosterone administration does not

increase the risk of these metabolic dysfunctions in

some women. 

4. EXOGENOUS TESTOSTERONE IN ESTROGEN

DEPLETE WOMEN

An important safety issue which has not been addres-

sed in any studies is the effect of testosterone admi-

nistration to menopausal or otherwise estrogen defi-

cient women without concomitant administration of

estrogen (and progesterone if uterus is intact). This

issue has particular urgency in light of the recent

report of the Women's Health Initiative (WHI) fin-

ding increased risk in women on a fixed dose combi-

nation of conjugated equine estrogens and medroxy-

progesterone acetate. The wide publicity which these

results received has resulted in many women discon-

tinuing estrogen replacement [209]. Thus some

women may want to receive testosterone without

estrogen replacement. There are several areas of

potential concern. First, the safety of replacing
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androgens but not estrogens in women deficient in

both, is entirely unknown, as no studies have used

this regimen. Second, if we assume hypothetically

that sexual activity will be increased by the testoste-

rone, it is not clear that atrophic vaginal tissues will

permit comfortable and safe intercourse. With the

availability of vasoactive agents such as sildenafil,

there is the possibility that more frequent intercourse

with partners with firmer erections may tear or other-

wise damage an atrophic vaginal mucosa.

5. CONCLUSIONS RE RISKS AND SAFETY OF

EXOGENOUS TESTOSTERONE

In view of intracellular conversion to estrogen, long

term safety re venothrombotic events, breast cancer

and cardiovascular disease, is unknown.

Since adverse effects on the lipid profile can be seen

with orally administered progestins possessing

androgenic activity, methyl testosterone may have

the same potential. Despite the availability of the

preparation for many years, safety data is quite limi-

ted. The dose of MeT used in a recently reported

study [185] was found in another study to lower

HDL cholesterol [210].

In the patch study [182] lipid parameters, fasting glu-

cose and insulin were unaltered. However, effects of

administration of exogenous testosterone to

women, particularly long-term, on metabolic safety

parameters such as lipids, glucose and insulin need

further study. Such effects may be specific for pre-

paration and route of administration. Accordingly

evidence on safety is level 4 in view of short follow-

up, inconsistencies between studies and incomplete

or inadequate safety outcome measures.

Physical stress is well known to increase adrenal pro-

duction of cortisol, mediated by an increase in

ACTH release by the pituitary. However, this is an

acute response and it is less clear that chronic stress

produces sustained elevations of levels. Because

ACTH also stimulates adrenal androgen secretion, it

is often assumed that chronic stress in women may

induce or exacerbate hyperandrogenism. Whether

this is common or clinically significant is unproven.

Surgical stress does increase female androgen levels

[211]. However what is ordinarily referred to as

“stress” in daily life (such as coping with a deman-

ding boss) cannot be assumed to have the same

effects. Interestingly, one study of women under-

going divorce or separation showed them to have a

slight increase in testosterone compared to controls

without marital difficulty [212]. Although parame-

ters related to sexuality were not measured, it is

generally assumed that stress reduces libido in

women and so here there may be a dissociation bet-

ween testosterone and changes in desire. 

In stress induced hypothalamic amenorrhea the

ovary is relatively quiescent so that levels of estro-

gen and testosterone are usually low. While clinical

experience indicates that many women with hypo-

thalamic amenorrhea also have diminished sexual

interest, no systematic studies have been reported. 

Current knowledge regarding treatment of low

desire or response with testosterone is not sufficient

to permit patient selection on evidence-based crite-

ria. However, given that some affected women

urgently request treatment and the observation that

testosterone is sometimes efficacious, it is appropria-

te to offer tentative recommendations. However,

these can only be considered for post menopausal

estrogenized women, and only in the short term.

Definitive guidelines cannot be formulated in the

present state of knowledge. Accordingly, these

recommendations should be regarded as provisio-

nal and subject to revision as research proceeds

and are only Grade C-D. A major intent is avoidan-

ce of harm and inappropriate patient selection. The

recommendations are given as an algorithm, pro-

gressing from one question to the next only if the

previous answer is “yes”. The purpose is to assess

the suitability of short-term androgen therapy. 

First, does the patient understand and accept that

in the absence of studies longer than several

months, long-term safety is currently unknown and

the treatment that is about to begin cannot current-

ly be extended beyond one year ? If so :

1) Does the patient complain of persistently decrea-

sed sexual interest, response and satisfaction and

is she postmenopausal ?

X. ALGORITHM FOR ASSESSING

AND MANAGING INVESTIGATIO-

NAL ANDROGEN THERAPY

IX. EVIDENCE RE PSYCHOLOGI-

CAL STRESS AFFECTING 

ANDROGEN PRODUCTION

899



2) Is she using systemic ERT ? 

3) Has patient and clinician taken into account nor-

mative changes with relationship duration, life

cycle and the broad range of sexual interest and

desire across women ? 

4) Did the patient previously have a higher level of

desire and feel satisfaction with sexual activity?

5) Is there absence of psychosocial causes of the

sexual dysfunction ? This would include issues

within the woman herself, e.g. the need for

control, or suppressed anger or difficulty feeling

any emotions, interpersonal difficulties with the

partner as well as contextual problems such as

lack of privacy or safety, lack of appropriate ero-

tic stimulation and atmosphere ?

6) Is the history negative for factors which might

limit sexual response such as fatigue, medication

effect, chronic illness, chronic non-sexual pain,

dyspareunia or mood disorder ?

7) If the woman has a partner, is he or she free of

sexual dysfunction ? Partner dysfunctions should

be addressed before considering androgens for

the woman. 

8) Are total and free testosterone levels well below

the upper limit of normal by a reliable assay ?

9) Is she free of androgenic skin and hair changes -

seborrhea, acne, hirsutism or alopecia ? 

10) Is she willing to accept possible risk of such

changes and the need for discontinuation of tes-

tosterone therapy should they occur ?

11) Is she willing to come for regular visits to moni-

tor testosterone therapy ?

12) Will the condition of genital tissues permit com-

fortable intercourse ? 

Note : Biological factors such as removal of the ova-

ries or what exactly constitutes “low” free and/or

total testosterone levels are not included in the algo-

rithm. This is because such have not been convincin-

gly shown to predict response to treatment.

Further data are needed before there can be any

recommendations regarding testosterone therapy

for pre menopausal women. 

1. ESTROGEN EFFECTS ON EPITHELIA, BLOOD

VESSELS AND GLANDS

Estrogen has been demonstrated to have effects on

all tissue components of the vulvovaginal area,

including epithelia (skin, vaginal), skin appendages,

blood vessels, nerves, and specialized glands. In

summary, estrogen is a growth-promoting hormone

and thus stimulates activity in all the above tissues.

Estrogen promotes maturation and proliferation of

the epithelia, enhances vascularity and increases

blood flow, and stimulates glandular secretions (e.g.,

Bartholin's gland).

In turn, the decline in estrogen levels as occurs post-

menopause, is associated with reversal of the above

effects. This is evidenced as thinning of vulvovaginal

epithelium, diminished blood flow, and reduced acti-

vity of specialized glands. The prevalence of vaginal

dryness is estimated to range from 12% to 34%, lar-

gely dependent on age. Factors other than vasculari-

ty (e.g., permeability of vaginal epithelial cells) may

influence lubrication and/or dryness. Nerve endings

releasing CGRP and other neurotransmitters are

found on vaginal epithelial cells [82]. Although their

function is unclear, they may potentially alter per-

meability.

The vaginal epithelium is an exquisite bioassay for

estrogen levels (an observation starting over 60 years

ago with Papanicolaou). Thus, the vaginal smear uti-

lized as a measurement of estrogenicity by its effect

on the ratio of parabasal to intermediate to superfi-

cial cells [82], as in the Maturation Index, is confir-

med by its direct correlation with estrogen levels

[213].

2. SEXUAL SYMPTOMS FROM ESTROGEN LACK

IN GENITAL TISSUES

These physical changes can lead to sexual symp-

toms. These include vaginal dryness, dyspareunia,
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reduced or absent pleasure from direct genital stimu-

lation, urinary symptoms (especially urgency, fre-

quency, and possibly incontinence), and predisposi-

tion to vulvar, vaginal, and lower urinary tract infec-

tions [214].

The extent of vulvovaginal atrophy can vary from

mild to extremely severe. The latter results in vaginal

shortening and narrowing, and can also lead to

introital stenosis. The result of this atrophy is to pre-

vent penetration or at least to be a cause of signifi-

cant pain and/or bleeding from attempted penetra-

tion. This can, in turn, result in escalation of pro-

blems for the woman and her partner. The woman

with atrophy might avoid genital touch or intercour-

se even in the presence of subjective arousal for fear

of experiencing pain or discomfort. Fear of hurting

his partner or physical difficulty from introital steno-

sis or vaginal narrowing could exacerbate erectile

dysfunction in the male partner. Needing to move

quickly onto intercourse for fear of losing any erec-

tion further exacerbates the woman's difficulty.

Either vulvovaginal atrophy or urinary dysfunction

could reduce the woman's sense of attractiveness

and, therefore, interest in sex [171]. Similarly, fear of

incontinence or of urinary tract infection could also

trigger the same avoidance response or lead to lack

of subjective arousal and anorgasmia.

3. COMPLEXITIES OF RELATIONSHIP BETWEEN

GENITAL SEXUAL CONGESTION AND ESTRO-

GEN ACTIVITY

Despite evidence for the above symptoms in estro-

gen-deplete women, factors other than estrogen

levels are involved. The percentage of estrogen-

deplete women without any of these symptoms even

in the presence of easily observable atrophy is unk-

nown. Possibly frequent sexual arousal and activity

promotes continued genital health [177]. Psychophy-

siological studies show similar increases in vaginal

congestion in response to sexually arousing erotic

stimulation in both estrogen deficient and replete

women [215]. Recent MRI studies suggest similar

increases in clitoral volume in response to arousing

erotic stimuli in pre and postmenopausal women

[216].

Conclusion : There is excellent basic and clinical

research to confirm a direct relationship between

estrogen and vulvovaginal health, and sexual

symptoms related to deficiency in some women.

However, other poorly researched factors may pre-

vent the presence of sexual symptoms despite estro-

gen deficiency.

The majority of menopause-related studies have not

utilized well-validated symptom profiles. The only

symptoms that have been specifically related to the

menopause transition are increasing vasomotor

symptoms (VMS), vaginal dryness, and insomnia,

and decrease in breast tenderness [217] (1b level evi-

dence). Also, sleep disturbance is probably related to

decline in estradiol levels [218, 219] (2b).

There are remarkably few well-documented studies

that have investigated changes in estradiol (E2) and

estrone (E1) levels in relation to the final menstrual

period (FMP) and/or symptoms [219-222]. Good

data on estrogen and symptoms are anticipated from

the Study of Women Across the Nation (SWAN), a

multicenter, community-based, cohort study of US

women and the menopause transition [221].

The Melbourne Women's Health Project (MWHP)

has reported that sexual functioning (including

sexual responsivity, frequency of sexual activities,

and libido) declines concurrently with the decline in

levels of estradiol, but not androgen, from the early

to the late menopause transition [72] (2b). On the

other hand, the Massachusetts Health Study II (MHS

II) concluded that menopause status, but not estra-

diol levels, is related to some, but not all, aspects of

sexual functioning. This could be due to menopause

per se or to another factor, such as aging [223].

Indeed, the MWHP has also found sexual responsi-

vity to decline with age.

Conclusion : Current evidence suggests specific

menopausal symptoms are related to changing

estrogen levels.

An extremely common and distressing symptom

beyond menopause is an intolerance or reduced awa-

reness of sensual touching to all areas of the body.

No scientific study has investigated this phenome-

non. Nor is there data to support the clinical findings

that in women of reproductive age, two-point discri-

mination is directly correlated to the stage of the

reproductive cycle. That is, as estrogen levels escala-

te toward ovulation, two-point discrimination nar-
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rows, and then widens as estrogen levels drop pre-

menstrually. This would imply a direct effect of

estrogen on peripheral neural activity.

Conclusion : Estrogen probably plays a major role

in neural sensitivity. Research is necessary on other

factors as well, such as androgen.

Estrogen effects on the brain can be mediated

through receptor and/or nonreceptor mechanisms.

These mechanisms have been well reviewed and can

explain potential impact on well being, mood, and

sleep [224]. The characterization and understanding

of specific receptor activity has, for obvious reasons,

been better defined in animals than humans [225].

There are several impediments to examining the lite-

rature relating menopause and sense of well being,

enhancement of mood, and relationship to sleep.

These include poor definition of menopause status in

study groups, failure to distinguish spontaneous from

surgical menopause, lack of baseline hormone levels,

disregard for concomitant medications, and variabi-

lity in detail on combinations and permutations of

replacement exogenous steroids. Instruments for

measurement of domains of quality of life (QOL),

mood, and sleep patterns are also usually poorly

defined. For example, subtle changes in mood are

difficult to extrapolate from the customarily utilized

standard measures of depressive symptoms. Finally,

it is not always apparent whether well being (QOL),

mood, and sleep are enhanced by the well-establi-

shed estrogenic effects on relief of hot flashes and

night sweats. That is, studies need to control for hot

flashes in analyses to determine any direct effect of

menopause on mood [226-231].

Despite these difficulties, there is level 1a evidence

demonstrating enhancements of mood with estrogen

therapy [232], and level 1b level of evidence of

improved quality of life and well being [233]. It can

only be speculated that these effects, in turn, media-

te a response in terms of enhanced desire or arousa-

bility [230].

Vasomotor symptomatic postmenopausal women

suffer more sleep disturbances during the night

[231]. In turn, estrogen therapy in symptomatic

women reduces hot flash frequency and nighttime

awakenings [234] (1b) There is evidence that estro-

gen increases rapid eye movement (REM) sleep

[234].

One major, level 1b, randomized study has reported

no benefit of continuous-combined estrogen plus

progestogen therapy (EPT) on mood and sexuality.

The large WHI trial of healthy postmenopausal

women, found in its EPT arm of 16,608 women

(aged 50-79 years) with an intact uterus that conti-

nuous-combined EPT (Prempro) did not have a cli-

nically meaningful effect on health-related QOL

[235]. However, this study has major design weak-

nesses (e.g., the average age of 63 is 12 years older

than the menopause median age of 51; women with

moderate or severe symptoms were discouraged

from study participation; and no validated QOL ins-

trument was utilized). Thus, investigators relied on

surrogate biophysical tests with severe limitations

(e.g., only one question was used to determine

sexuality, the Modified Mini-Mental State Examina-

tion is too crude to measure cognition, the menopau-

se symptom profile was unvalidated, and the Rand-

36 is a symptom profile not covering acceptable

QOL domains). Recognizing potential deficiencies, a

post-hoc intent-to-treat analysis was performed on

symptomatic women aged 50 to 54. The intent-to-

treat analysis is satisfactory for the WHI primary

objectives (i.e., cardiovascular and breast cancer out-

comes), but it is unacceptable when evaluating a

drug's mental effect to conclude lack of drug benefit

in women not on the actual drug. This was an intent-

to-treat study, and almost half of the women in the

study group discontinued therapy, although they

remained in the treatment arm for determination of

QOL results. The authors admitted in the text that “it

is possible that differences were not significant at 3

years because of poorer adherence to assigned thera-

py” [235].

Conclusion : Estrogen probably enhances mood,

sense of well being, and sleep.

Sex-related symptoms from low levels of estrogen

may be treated with estrogen, provided potential
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benefits outweigh potential risks. Based on level 1a

evidence, clinicians are advised to prescribe the

lowest dose of estrogen for the shortest duration

consistent with treatment goals, benefits, and risks

for the individual woman, taking into account qua-

lity of life issues [236] - Grade A. Effects may vary,

not only among estrogens and mode of administra-

tion, but also from woman to woman. 

Vulvovaginal symptoms from local deficiency of

estrogen may be treated with low-dose estrogen (1a.

1b & 2b) - Grade A. All estrogen types and modes of

administration (pill, patch, vaginal preparation)

are effective for this use. Vaginal estrogen prepara-

tions at doses used to treat atrophic vaginitis are

unlikely to demonstrate any systemic effects. Howe-

ver, the possibility of systemic effects cannot be

entirely excluded [237-240]. There is also 1b evi-

dence of significant reduction and significance of

urinary tract infection with an estradiol releasing

vaginal ring [241]. Evidence suggests that the 17ß-

estradiol vaginal ring (estring), may be less likely to

deliver systemic levels than the estradiol hemihydra-

te vaginal tablet (Vagifem) or the estrogen vaginal

creams. 

Other sexual sequelae of low estrogen levels, inclu-

ding poor sleep, dislike of sensual touching, and

lack of well being, can also be treated with low-dose

estrogen - Grade C. Theoretically, transdermal estro-

gen may be a more appropriate choice than oral the-

rapy, given the less effect on sex hormone-binding

globulin and androgen activity. However, there is no

scientific evidence to support this premise.

It is well documented that systemic estrogen therapy

(ET) can dramatically increase the risk of developing

endometrial hyperplasia and carcinoma. Adding pro-

gestogen to ET (EPT) reduces that risk to the level of

taking no hormones [242] (1b) - Grade A.

The WHI study found that continuous combined

EPT increased risks for breast cancer, coronary heart

disease, thromboembolism, and stroke after 5 years

[242]. The ET-only arm continues. Evaluating these

results and those from other significant trials, The

North American Menopause Society issued its Hor-

mone Therapy Advisory Panel Report [236] which

included among its basic recommendations for clini-

cal practice that these data cannot be directly extra-

polated to symptomatic perimenopausal women or to

women experiencing early menopause (i.e., 40-50

years of age) or premature menopause (i.e., < 40

years), and that treatment of menopause symptoms

(including urogenital symptoms) remains the prima-

ry indication for ET and EPT(1a). The US Food and

Drug Administration (FDA) has subsequently gene-

ralized these data on Prempro to all estrogen-proges-

togen and estrogen-only preparations. A very recent

multi-centred case controlled study of 155 consecu-

tive cases of venous thromboembolism showed that

oral but not transdermal ET was associated with risk

of thromboembolism in post menopausal women

[243]. Another very recent study, albeit nonrandomi-

zed, has confirmed the increased risk of both inci-

dent and fatal breast cancer with current use of estro-

gen therapy with a substantially greater effect for

estrogen/ progestin combinations. The progestins

involved included medroxyprogesterone acetate,

norethisterone and norgestrel/levonorgestrel [244]. 

The memory study of WHI (WHIMS) has concluded

that continuous-combined EPT in women over age

65 (average age 71) demonstrates no cognitive value

and may increase the rate of dementia [245, 246].

However, the absolute involvement in dementia is

low, and the role of estrogen alone on cognition and

dementia is still under investigation. 

All types and modes of administration of estrogen

therapy and estrogen-progestogen therapy, that allow

systemic absorption, including vaginal estrogen, are

contraindicated in women with known or suspected

pregnancy, history of hormone-sensitive carcinoma,

unexplained uterine bleeding, liver disease (especial-

ly applies to oral estrogen), history of coagulopa-

thies, and confirmed cardiovascular disease - Grade

A. However, individual women, fully understanding

the potential risks and benefits, may choose hormo-

ne therapy. 

Several studies, (levels 2a & 3b), have failed to

demonstrate tumor recurrence in breast cancer

patients on ET/EPT [247, 248]. A few studies in

women previously diagnosed with breast cancer

have actually suggested that ET/EPT may have bene-

ficial effects [248-249]. However, a recent open ran-

domised trial was stopped after 2.1 years due to

increased numbers of new cancers in women on ET/

EPT [250].

Potential side effects of systemic ET include uterine

bleeding, breast effects (e.g., mastalgia), skin effects

(e.g., rash, melasma), headache, and psychological

effects (e.g., mood swings, irritability, fatigue,

depression). By tailoring the hormone type, dosage,

or route of administration, an appropriate therapy

can typically be found for each woman. 

Conclusion : As with all prescription drugs, estro-
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gen therapy offers potential benefits but also car-

ries potential risks. The decision to prescribe

should be based on an individualized risk-benefit

profile and the wishes of the woman herself. 

One of the consequences of the WHI findings has

been increased interest in selective estrogen receptor

modulators (SERMs). These are chemically diverse

substances without the steroid structure of estrogen

but containing a tertiary structure that allows binding

to α and β estrogen receptors. The exact mechanisms

of the tissue selective, mixed agonist/antagonist

action of SERMs is currently being clarified. These

molecules potentially could retain estrogen's benefits

and avoid most of the adverse effects. Of the two in

current use - raloxifene and tamoxifen, unfortunate-

ly, there are no reported sexual benefits. There is no

evidence of reversal of estrogen deficiency associa-

ted vulvar and vaginal changes. Increased well

being/sleep/mood and decreased vasomotor symp-

toms attributable to estrogen are not seen. Future

SERMs will hopefully have both the apparent bene-

fits of raloxifene (antagonistic action on the endome-

trium, breast, along with absence of pro inflammato-

ry effects and estrogen agonist action on bone), will

also have estrogen agonist action on vulval and vagi-

nal tissues and the ability to ameliorate vasomotor

symptoms [251].

This synthetic steroid with tissue selective estroge-

nic, progestogenic and androgenic actions has been

shown to relieve sexual symptoms from vaginal

atrophy, although the women studied were not those

identified as having sexual dysfunction (recruitment

was regarding bone density or vasomotor symptoms)

[168-174]. Just a few studies [168, 170] reported

significant improvement in sexual desire/interest in

the women receiving tibolone. Of note, these pros-

pective randomized trials have compared tibolone to

placebo or to various formulations of estrogen and

progestin therapy. The very recent million women

study on breast cancer and hormone therapy [244]

reported a significant excess of breast cancer for

women currently using tibolone, as well as those

using various estrogen and progesterone combina-

tions. The study was nonrandomized but in order to

isolate the effects of tibolone alone (as opposed to

using tibolone at baseline and other hormone prepa-

rations previously), analyses were restricted to

women whose reported duration of use of tibolone

was the same as the reported total duration of any

type of therapy. The relative risk of breast cancer was

1.48. - the relative risk for other estrogen/progestero-

ne combinations ranged between 1.53 and 1.97 (and

between 1.19 and 1.65 for estrogen alone therapy).

While the evidence for a positive impact of estrogen

on sex and mood is more substantial, progestogens

(or more strictly progestins), on the other hand

appear to have a negative impact. When a progestin

is added to oppose estrogen therapy in women with

an intact uterus, negative effects on sex and mood

can occur. Although not all progestogens have the

same effect, data are inadequate to recommend spe-

cific progestogens or estrogen-progestogen regimens

that will minimize this effect [252-256].

Conclusion : Progestogens do not appear to offer

added benefit to sexual function and some may

have a negative impact on mood. 

Contextual factors which influence women's sexual

function can be considered the framework within

which sexuality is experienced, and are important

aspects for the clinician to consider. Previous sec-

tions have highlighted the roles of interpersonal,

societal, and mental health contexts. Two further

contextual dimensions are the sexual health of the

partner and chronic illness. The National Health and

Social Life Survey clarified that women reporting

sexual difficulties also experienced higher rates of

poor health and low physical well being [2]. In this

section we consider the role of pelvic and breast can-

cer, diabetes, multiple sclerosis (MS), spinal cord

injury (SCI), and heart disease. Finally, despite a

relatively small literature, we address the entity of

resilience to sexual dysfunction. 
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Interpersonal factors play a key role in several theo-

retical explanations for women's sexual desire diffi-

culties [145, 257-261]. A partner's sexual health is

one specific interpersonal factor that has received

recent attention. In a large, nationally representative

sample of Swedish women (n = 1335) and men (n =

1475) aged 18-74, the male partner's early ejacula-

tion and/or erectile dysfunction were found to

significantly predict sexual well being [30], sexual

disability [29], and the more global aspect of quali-

ty of life in the female partner. Interestingly, a longi-

tudinal Australian study of determinants of sexual

outcome in women transitioning menopause, showed

increased “libido” - as in autoerotic practices, in the

women whose frequency of sexual activity with their

partner was reduced due to his sexual dysfunction

[33]. This is reminiscent of another cross-sectional

study of perimenopausal women which found a simi-

lar result - in that study the man was stated to have

“physical limitations which restricted sexual activi-

ty” [223]. Table 20 illustrates the findings from these

analyses.

Low sexual desire is a common complaint among

women with chronic illness. Although low sexual

desire may be present before the diagnosis of a chro-

nic illness, the more typical picture is one of a global

decrease in desire associated with the diagnosis or

treatment of the medical illness. Moreover, the

effects of a chronic illness on sexual function may be

mediated directly by physiological mechanisms, or

by psychological factors related to the illness. When

considering the effects of chronic disease on

women's sexual function, the following areas are

deemed important :

1. Is there evidence of a biological disruption of the

sexual response ?

2. Is there evidence of psychological consequences

of the illness affecting the sexual response ?

3. Does the chronic illness increase fatigue or invol-

ve chronic pain ?

4. Have psychological reactions triggered a depressi-

ve episode ?

5. Has treatment for the chronic illness influenced

the sexual response ?

6. Does the chronic illness limit the mobility neces-

sary for caressing, self-stimulating, or engaging in

intercourse ?

7. Is there evidence of cardiovascular or respiratory

compromise such that orgasm or movements of

intercourse might be dangerous ?

8. Is the chronic illness associated with incontinence

or stomas ?

Despite the importance in obtaining such informa-

tion, a well-established literature on each of these

factors is scarce, in part due to difficulties inherent in

recruitment. For example, in a study designed to

investigate the effects of aortic surgery on female

sexual function, 100 consecutive patients that had

undergone aortic grafting 1-6 years earlier were mai-

led a questionnaire assessing recent sexual activity

[263]. Thirty-nine patients had died, 15 were recent-

ly widowed, 15 reported being too unwell to partici-

pate, and of the remaining 31, only 7 completed the

questionnaire. Age, patient life circumstances, and

social stigma discouraging open discussion of sexua-

lity, may be limiting research on the topic of sexual

function in chronic illness.

1. PELVIC CANCER

Whereas general physical health may be minimally

affected by pelvic cancer, specific inquiry into

sexual health reveals deleterious effects of the can-

cer and in particular, of its treatment  - see table 21.

Havenga et al reviewed the literature on sexual func-

tion after conventional surgery for rectal cancer and

found that 24% of women reported reduced desire

for sex, 38% had dyspareunia, and 28% noted diffi-

culty reaching orgasm [265]. After a nerve-sparing

mesorectal incision, few women report any new

sexual dysfunction compared to pretreatment [265,

266]. Gynecological surgery (i.e., hysterectomy) for

benign conditions does not significantly impair

sexual desire [18]. However, for the treatment of cer-

vical cancer, hysterectomy has been found to result

in reduced vaginal lubrication, a shortened vaginal

canal, lack of vaginal elasticity, and reduced pleasu-

re from genital stimulation, in a retrospective Swedi-

sh study [8]. It is possible that these complaints were

not exclusively due to the surgery given that many of

these women also received intracavity or external

beam irradiation. This group of authors also found

that dyspareunia was more common for women who

had external beam irradiation, and similar rates of

II. ROLE OF CHRONIC ILLNESS

I. ROLE OF PARTNER SEXUAL

HEALTH
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Table 20.  Studies examining the role of partner sexual health in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence.  ED = erectile

difficulties
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Table 21  Studies examining the role of pelvic cancer and its treatment in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence.  
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Table 21  Studies examining the role of pelvic cancer and its treatment in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence.  



orgasmic difficulties and trouble having intercourse

were seen in women having surgery alone vs. those

also exposed to intracavity radiotherapy [267].

Prospective studies, on the other hand, have failed to

find any major persistent sexual dysfunction caused

by radical hysterectomy for cervical cancer [268,

269],  whereas radiation therapy was found to indu-

ce long-term sexual problems. Although vascular

damage following radiation therapy is a common

consequence of pelvic cancer in men, this has not

been well studied in women. In general, vascular

damage following radiation therapy in women has

been associated with sexual pain [267, 270-271] ;

and impaired vaginal lubrication [272]. Determining

if these effects are due to vascular damage versus

hormonal loss is complicated by the fact that such

radiotherapy also leads to permanent ovarian failure.

Chemotherapy-induced ovarian failure may decrease

sexual desire and increase vaginal dryness. However,

given that cancer faces women with a life-threate-

ning condition, it is unlikely that these effects can be

attributed only to hormonal changes [273]. Across

studies, it appears that relationship happiness plays

a more important role than physical factors in res-

ponse to cancer treatment.

The fear of diminishing orgasm with hysterectomy

has led to the development of either supracervical

[274] or “nerve-sparing hysterectomy” [275]. The

detailed neuroanatomy of autonomic fibers in the

lateral aspects of the cardinal and uterosacral liga-

ments has recently been clarified and should enable

preservation of genital sexual function whenever

possible [276]. Nerve-sparing hysterectomy has been

shown to improve rates of post-surgical incontinen-

ce, controlled studies examining effects on sexual

function remain are beginning [269].

2. BREAST CANCER

Difficulties with sexual function following treatment

for breast cancer are the most likely areas of distress

to persist a year after diagnosis [277]. It appears that

chemotherapy during treatment for breast cancer is

responsible for most of the resulting sexual diffi-

culties, such as loss of desire, trouble getting sub-

jectively aroused, vaginal dryness, and pain with

intercourse - see table 22. Twenty-eight percent of

women who had undergone breast reconstruction or

partial mastectomy without chemotherapy, versus

37% of women who received one of these surgeries

with chemotherapy, met criteria for hypoactive

sexual desire disorder [278]. In one of the largest

longitudinal follow-up studies of 817 women 5-10

years after breast cancer diagnosis, sexual activity

decreased despite overall higher quality of life [277].

Specifically chemotherapy-induced ovarian failure,

rather than a genital toxicity of chemotherapy, is res-

ponsible for these effects. These same authors deve-

loped a predictive model for sexual interest, sexual

dysfunction, and sexual satisfaction after breast can-

cer in two very large independent groups of breast

cancer survivors [279]. They found that the most

important predictors of sexual health in sexually

active cancer survivors were : absence of vaginal

dryness, emotional well being, body image, quality

of the relationship, and partner's sexual problems,

accounting for 33% of the variance. 

3. DIABETES

In a systematic review of women with diabetes,

reports of problematic desire, arousal, and orgasm

experience vary widely from study to study and do

not appear to have a simple correlation with degree

of complication of their disease [280]. These authors

speculated that difficulties with orgasm may be

secondary to decreased sexual desire and arousabili-

ty, rather than a primary problem with orgasmic

function, per se. In the laboratory setting, neither

subjective nor psychophysiological sexual arousal

was found to differ between 24 women with diabetes

mellitus type I and 10 control women [281]. Howe-

ver in the clinical setting, a large outpatient sample

of 120 women attending a diabetes clinic, higher

rates of overall sexual dysfunction were found

compared to a normal control sample of 180

women [9], but a significant effect was found only

for the complaint of decreased lubrication. Depres-

sion was found to be a significant predictor of these

sexual complaints, and lower overall quality of

marital relationship was also a factor in those

women with sexual dysfunction [9, 282]. Across

studies, there was evidence that psychological, as

opposed to somatic, factors largely accounted for

these sexual complaints in women with diabetes -

see Table 23.

4. MULTIPLE SCLEROSIS

Compared to the literature on men, relatively few

empirical investigations into the sexual health of

women with MS are available. Across investigations,

there appears to be a significant amount of variabili-

ty in the prevalence of sexual dysfunction in this

group, and this is partially attributed to the failure to

include control comparison groups. Recent data

comparing women with MS to the general popula-
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Table 22  Studies examining the role of breast cancer and its treatment in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence
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Table 23  Studies examining the role of diabetes in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence.  
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Table 23  Studies examining the role of diabetes in women’s sexual function and dysfunction.  SD = sexual dysfunction;  LOE = level of evidence.  



tion showed more difficulty masturbating and a

lack of sensations or numbness - difficulties related

to the nerve damage of MS [283]. Men and women

as a group had higher levels of overall sexual dys-

function, and lower levels of sexual activity, rela-

tionship satisfaction, and sexual satisfaction than the

general population. Face-to-face interviews of

women with MS suggest more problematic sexual

function with 73% of women reporting a sexual dys-

function compared to 39% of other chronic disease

samples, and 12% of controls in an Italian sample of

women [6].  These authors speculate that sexual dys-

function in women with MS is attributable to both

physical (e.g., sphincteric dysfunction, fatigue, sen-

sory loss) and psycho-social (e.g., depression,

anxiety) factors [284]. In a qualitative study, Koch

and colleagues found that sexuality was regarded as

an important part of life in their sample, despite the

acknowledgement of specific sexual difficulties and

strongly advocate for health care professionals to

reject the myths surrounding the “asexual” status of

women with MS [285] - see Table 24.

5. SPINAL CORD INJURY

Problems with vaginal lubrication are common even

in premenopausal women with spinal cord injury,

since depending on the level of injury, the peripheral

autonomic nervous system may not respond to cen-

tral nervous system sexual arousal - see Table 25. In

women with SCI, difficulties with orgasm are com-

mon, as are reports of unusual experiences, such as

having a sensation of orgasm at the anatomical area

where sensation begins to be present [286]. In a labo-

ratory study comparing sexual arousal and orgasm in

women with SCI to able-bodied women, only 44%

of women with SCI, vs. 100% of able-bodied

women, were able to reach orgasm in the laboratory;

however, the experience of orgasm was the same in

the two groups [287]. In a group of 85 SCI women,

sexual dysfunction was reported to significantly

increase post-injury, whereas importance of sex was

unchanged [288]. Interestingly, there was an inverse

relationship between sexual dysfunction and the

importance of sex, such that women reporting higher

levels of sexual dysfunction tended to place less

importance on sex. Body satisfaction, which was

higher than for eating disorder patients and compa-

rable to volunteers, was not associated with sexual

frequency or dysfunction. Tepper and colleagues

conducted a qualitative study on the psychosocial,

emotional, and relationship aspects of sexuality in

women with SCI [289]. They described a sexual

rediscovery that takes place some years following

the injury.

5. BRAIN INJURY

When brain injury is involved, Oddy [290] notes that

the effects of the injury on sexual function may be

attributable to direct neurological or endocrinologi-

cal effects, from prescribed drugs, from psychologi-

cal factors related to loss of confidence or motiva-

tion, and partner-related changes such as withdrawal.

Past studies of sexual effects of stroke have sugges-

ted lesions in the right hemisphere to be more fre-

quently associated with low desire and sexual dys-

function. However this was not the case in a recent

series of 46 men and 16 women [291]. These authors

found sexual hesitancy was common and due to both

partners' fear of provoking another stroke and part-

ner's dislike of the idea of “having sex with a sick

person”.

6. CARDIAC DISEASE

The literature suggests that women are treated less

seriously and aggressively than men when presen-

ting with symptoms of heart disease.  However, sta-

tistics indicate that the number of female deaths sur-

passes the number of male deaths due to heart disea-

se. With respect to sexual function, the Myocardial

Infarction Onset Study group interviewed 1774

patients approximately one week after a myocardial

infarction to understand possible triggers for the

event, including sexual activity [292]. They found

that the relative risk for having a myocardial

infarction (MI) two hours after sexual intercourse

was small and transient (2.9). Moreover, physical

exercise decreased the risk of MI onset two hours

after sexual activity from 3.0 to 1.2, for individuals

who exercised 3 or more times/week. An effort has

also been made to examine the resumption of sexual

activity following MI.  Hamilton and colleagues

mailed questionnaires to 54 women and 110 men

who survived an MI from a medical center in New

England [293]. Of those who returned their ques-

tionnaires, 20 women and 42 men, all resumed

sexual activity after the MI, with an average time to

resume of 8.3 weeks.  Thirty-nine percent reported

that information regarding sexual activity from their

health provider was either insufficient (15%) or not

discussed at all (24%). Compared to men, women

significantly reduce the frequency of sexual activi-

ty following the MI.  

Westlake attempted to understand the sexual
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Table  24.  Studies examining the role of multiple sclerosis (MS) in women’s sexual function and dysfunction.  Q = qualitative;  SD = sexual dysfunction;  LOE = level of evidence.  
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Table 25  Studies examining the role of spinal cord injury (SCI) in women’s sexual function and dysfunction.  Q = qualitative; SD = sexual dysfunction;  LOE = level of evidence.  



concerns of patients and partners with advanced

heart failure [294]. They found that dissatisfaction

with the sexual relationship (55%) and loss of

sexual interest (63%) were significant complaints

among the partners of individuals with advanced

heart failure. They advocate for more attention to

the partners when providing counseling to indivi-

duals with heart failure - see Table 26.

Resiliency is a psychological attribute that des-

cribes the individual's ability to cope with signifi-

cant adversity or stress in ways that are not only

effective, but result in enhanced ability to confront

and master future adversity. This is an important

area to study because many of the chronic illnesses

discussed in this section carry with them the poten-

tial to further impair physical health. Adversity has

been studied in various groups of survivors to severe

physical or psychological stressors. For example,

women with ovarian cancer who were studied after

they had been without treatment for two years repor-

ted excellent mental health and quality of life, despi-

te ongoing physical difficulties such as sexual dys-

function [264]. Women with MS [35] and SCI [289]

who were able to redefine their experience of sexua-

lity due to physical limitation are further examples of

resilience in the face of adversity. Such women were

able to continue to enjoy satisfying sexual encoun-

ters because resilience enabled them to focus on new

aspects of sexuality. Women with MS who showed

problem-focused coping, focused on the positive,

and those with better cognitive functioning had bet-

ter sexual satisfaction and function [283]. With the

advent of state-of-the-art treatments for even the

most serious physical and psychological illnesses,

research must begin to focus more on survivorship.

In this way, the role of resilience as a contextual fac-

tor in women's sexual function will be clarified. 

Well being, a similar psychological attribute that is

considered to cover a broader range of affect than

positive or negative mood, has also been studied in

the context of women's sexuality. Recent large scale

population-based studies find that well being plays

a more important role than traditional markers of

physical sexual arousal in predicting sexual dis-

tress [4], and low emotional satisfaction and happi-

ness are associated with all categories of women's

sexual dysfunction [2]. 

The relationship between well being and hormones

has also received a significant amount of attention

over the past ten years [22]. Whereas earlier studies

may be criticized for using unvalidated measures of

well being, even well-validated measures of well

being, such as those employed in the Melbourne

Women's Midlife Health Project fail to find associa-

tions of well being and hormone levels [72, 295].

Against this background of large prospective and

cross sectional studies failing to find a correlation

between endogenous levels of estrogen, androgen

and well being, RCTs of supplementation have been

conflicting. The addition of testosterone undecanoa-

te to estrogenized women failed to find effects on

well being [183]. The WHI study of CEE plus

medroxyprogesterone to asymptomatic postmeno-

pausal women failed to show a relationship between

hormones and well being [235]. Recently, there was

some evidence that transdermal testosterone impro-

ved well being in women with sexual dysfunction

after bilateral oophorectomy (i.e. the women achie-

ving high normal testosterone levels showing impro-

vement on one of the two measures) [182].

Whereas hormone levels were not shown to play a

key role in the Australian study, well being signifi-

cantly increased from early to late/postmenopause,

and this was significantly affected by life events

such as having a partner, work satisfaction, and life

hassles [296]. Having positive feelings for the part-

ner has been shown to strongly positively influence

sexual desire, responsivity, well being and protect

against menopausal symptoms [33]. Similarly, the

health of the emotional relationship with the part-

ner during sexual activity was a robust indicator of

sexual distress in the recent large population based

study [4].

Taken together, the epidemiological literature plus

the empirical literature on hormones, suggest that

well being is an important contextual factor to be

considered in women's sexual function. Moreover,

it is likely much more robustly related to life events,

than to hormones, and it affects women's sexual

health more strongly than traditional physical mar-

kers of the human sexual response.

V. GENERAL EMOTIONAL WELL

BEING AND SEXUAL FUNCTION

IV. FACTORS ASSOCIATED WITH

SEXUAL RESILIENCE
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Considering the role of context in women's sexual

function is an essential component of assessment and

treatment.  Here we provided a brief review on the

literature on (1) role of partner's sexual health, (2)

role of various chronic illnesses, and (3) role of resi-

lience and well being, in affecting women's sexuali-

ty.

• A partner's sexual health significantly affects a

woman's sexual well being, sexual disability, and

quality of life. The effects are complex.

• Chronic illness may impact sexual function via

physiological and/or psychological factors,

making it important to consider both.

• Treatment of the chronic illness itself can affect

sexual function.

• It is difficult to differentiate the separate contribu-

tions - vascular, neurological, hormonal, and psy-

chological to dysfunction associated with pelvic

cancer. Results after nerve sparing surgery are

encouraging. 

• It appears that chemotherapy induced ovarian fai-

lure during treatment for breast cancer is respon-

sible for most of the resulting sexual difficulties. 

• Studies on sexual function in women with dia-

betes are inconclusive, with laboratory studies fai-

ling to find significant differences in genital

congestion between women with and without dia-

betes, whereas some clinical studies find signifi-

cantly higher rates of sexual dysfunction in the

former. Despite the presence of potentially rele-

vant physical factors, it is clear psychological fac-

tors have more impact.

• Questionnaire and interview studies on women

with multiple sclerosis suggest impairments in

sexual desire, arousal and orgasm compared to

healthy women

• Laboratory and clinical investigations of women

with spinal cord injury clarify preservation and

impairment of sexual function.

• Qualitative methodology in women with multiple

sclerosis and spinal cord injury suggest that the

experience of sexuality evolves over the course of

their illness and is no longer focused on intercour-

se.

• Dissatisfaction with the sexual relationship and

loss of sexual interest are common complaints

among partners of individuals with chronic heart

failure, and deserve more attention by the health

care provider.

• The clinician must assess sexual function of the

partner.

• When considering the role of physical illness in

sexual function, the clinician must include a mul-

tidimensional assessment that considers :

- The role of biological factors that might impact

sexual response

- Effects of the chronic illness, such as fatigue or

chronic pain 

- Psychological reactions to the illness that may

reach clinically significant levels (e.g., a depressi-

ve episode)

- The effects of treatment of chronic illness on

sexual response

- Mobility restrictions that may limit the range of

sexual practices

• For women who have faced significant physical or

psychological adversity, encouragement of her

resilience (through psychotherapy, support

groups, education) may facilitate better long-term

adjustment to the illness itself and to related

sexual difficulties.

• Sexual well being should be fostered by focusing

on life events that promote emotional health. For

the otherwise healthy woman, less attention

should be placed on physical response, when

addressing sexual distress.

Factors influencing the etiology of sexual dysfunc-

tion are multifaceted and often poorly understood.

One area receiving increasing attention is the role

that early sexual abuse plays in later sexual functio-

I. INTRODUCTION

M. CHILD SEXUAL ABUSE AND

SEXUAL DYSFUNCTION

VII. RECOMMENDATIONS

VI. SUMMARY
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ning for women. Child sexual abuse (CSA) and

sexual dysfunction both occur frequently and are

usually not reported. While significant associations

between CSA and HIV-risk behaviors [297, 298]

have been documented, more understanding of many

other sequelae including effects on sexual function

and behaviours is needed. 

Definitions of CSA vary according to the types of

sexual behavior included in the definition, the upper

limit placed on the victim's age at the time the abuse

occurred, and the criteria used to define the incident

as abusive [299]. Wyatt [300, 301], initially defined

CSA as sexual body contact prior to age 18 by

someone of any age and relationship to the victim.

Two additional exclusion criteria were used to dis-

tinguish CSA from exploratory sexual experimenta-

tion before age 12 or consensual sexual activity with

peers [302, 303]. Incidents were considered to be

sexual abuse if : (a) the age difference between the

alleged perpetrator and victim was more than 5 years

; or (b) the age difference was less than 5 years, but

the contact was not desired or was coercive. National

and international definitions of CSA need to consider

the age of legal consent to engage in sexual activities

so that non-consensual incidents can be evaluated for

their coercive and explorative effects.

Researchers have confirmed that many more chil-

dren are sexually abused than are reported to autho-

rities [300, 304]. Wyatt and associates [303] reported

contact abuse incidents ranging in severity from

those that were less severe (fondling and frottage) to

very severe (digital penetration and attempted or

completed oral sex, anal sex, or rape). A commonly

reported estimate of the prevalence of CSA in the

United States is approximately 33% in community

samples of girls under the age of 18 [303] and

approximately 5% in boys under 18 years of age 14

[305]. Research examining the stability of prevalen-

ce rates suggests that the prevalence of CSA among

girls has remained stable over time [303, 306].

The limitations in sampling and methods of the

research make it difficult to understand how CSA

influences sexual dysfunction. Most studies are level

2b or 4. The trauma of CSA may result in psychoso-

cial disturbances that affect sexual function [307].

Because they were powerless to make their own

decisions about sex as children or adolescents,

women may not develop adequate sexual communi-

cation and decision-making needed to interact with

sexual partners. 

Sex can also become associated with pain and trau-

ma, anxiety and thus, sexual dysfunction [308]. Fla-

shbacks or intrusive thoughts of sexual abuse may

compromise sexual function and enjoyment [308] 

Although race and ethnicity have not received ade-

quate attention with regard to CSA [309], the socio-

cultural context in which CSA occurs influences ini-

tial reactions to the abuse, the effects of disclosure,

and associated symptomatology [300, 306]. Epide-

miological studies with female CSA survivors have

been primarily limited to European American

women [306]. Less is known about sexual dysfunc-

tion within various ethnic and cultural groups.

Few differences in prevalence rates among African

American, Latina, American Indian and European

American women with histories of CSA have been

documented [300-302]. Similarities in prevalence

rates suggest that ethnic background is not a risk fac-

tor for CSA. However, the circumstances surroun-

ding abuse incidents and how families respond to

them can differ by ethnicity [309].

The inclusion of a more comprehensive sampling

of women of a variety of ethnic groups and natio-

nalities is also necessary to understand issues per-

taining to possible ethnic differences in sexual

consequences of CSA.

V. ABUSE, ETHNICITY, CULTURE

AND SEXUAL DYSFUNCTION

IV. CHILD SEXUAL ABUSE AND

SEXUAL DYSFUNCTION

III. THE TYPES AND PREVALENCE

OF CHILD SEXUAL ABUSE

II. THE DEFINITION OF CHILD

SEXUAL ABUSE
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Sexual abuse research has focused primarily on chil-

dren and adult women. Less attention has been given

to adolescent girls. Evidence suggests that psycholo-

gical and biological processes of pubertal develop-

ment may add increased stress to this phase of deve-

lopment [310].

Physical complaints of sexually abused girls and

adolescents include genital abnormalities (e.g.,

discharge, bleeding, pruritis, skin lesions, and trau-

ma), genital infections, sexually transmitted infec-

tions, recurrent urinary tract infections, abdominal

pain, and pregnancy [310]. These symptoms and

diseases may affect body image and sexual function

[311]. However, these findings need to be replicated

with more representative samples, in order to better

understand how CSA might influence a cumulative

history of sexual dysfunction beginning in adoles-

cence [312].

It is important to examine sexuality in the context of

interpersonal functioning and to understand the rela-

tionship between CSA and long term individual and

relationship adjustment [313]. Several studies have

reported increased difficulties with sexual function

and orgasm in women with past CSA, especially if

the abuse involved incest and/or sexual penetration

and force [313]. Multiple incidents of CSA also

increased the chance of difficulty with desire, arou-

sal and orgasm [314].

Other links between CSA and sexual dysfunction

have been noted. Laumann, Paik, and Rosen [2]

reported associations between sexual dysfunction

and prior negative sexual experiences, including

CSA. Women's sexual victimization in childhood

was associated with difficulties in becoming aroused

and lubricated. 

In a prospective study of African American women

with documented histories of CSA, those who expe-

rienced revictimization in adulthood reported more

painful intercourse, vaginal infections, and STIs than

those who experienced only CSA [315].

In a nationally representative sample of 1,335 Swe-

dish women, 12% of respondents had been sexually

abused at least once in their life times - half of them

abused more than once. Two-thirds of those abused

had at least one sexual dysfunction compared to two-

fifths of non-sexually abused women. Importantly,

the sexually abused women had a significantly

higher number of sexual dysfunctions. The majority

of types of sexual abuse were significantly associa-

ted with orgasmic dysfunction. When there had been

vaginal penetration, genital manipulation, forced

giving or receiving oral stimulation, there were

lower levels of sexual interest. Additionally, forced

giving of oral stimulation and genital manipulation

were associated with a higher prevalence of vaginis-

mus. In this study, no significant difference was

found in levels of sexual function between those vio-

lently as opposed to non-violently abused [12].

Interpretations of these findings are inconsistent due

to sampling limitations. Some investigators have

found that childhood and adult sexual abuse (ASA)

similarly disrupt sexual functioning. Others report

that associations with CSA are different than those of

ASA [316]. Becker, Skinner, Abel, and Treacy [317]

noted that women who had experienced incest as

children were likely to have orgasm dysfunction, but

this did not occur for women who experienced only

adult sexual assault. Additional research is needed

with more representative samples and control groups

of non- abused women

Much of the research on women's sexual dysfunction

focuses on measures of sexual performance, exami-

ning symptoms, including low sexual desire or arou-

sal, orgasmic dysfunction, and vaginismus. Howe-

ver, a focus on symptoms alone, without an exami-

nation of their context as well as other etiological

factors, reveals only limited information about the

possible effects of sexual abuse on sexual functio-

ning. It is recommended that future studies also

examine the context of the wanted sexual function. 

In summary, the association of CSA with sexual

dysfunction is more pronounced for women who

experience severe abuse (i.e., penetration, force,

incest, multiple incidents), report family dysfunc-

tion or other types of child abuse, or who experien-

ce revictimization in adulthood. Other emotional

problems or stressors can also increase the proba-

bility of sexual dysfunction. These findings high-

light the importance of examining the context of a

person's past and present sexual experiences when

examining the influence of CSA. 

VII. ASSOCIATION OF CSA AND

SEXUAL FUNCTIONING IN ADULT

WOMEN

VI. ASSOCIATION OF CSA AND

ADOLESCENT SEXUAL

FUNCTIONING
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Compared to women without a CSA history, CSA

survivors face greater difficulties in their relation-

ships, including less relationship satisfaction, more

high risk sexual behavior, more intrusive thoughts

and partner violence [312]. Women who reported

multiple types of childhood abuse described greater

fears of intimacy, and intrusive experiences than

those who experienced no abuse and those who

experienced either physical or sexual abuse alone

[318].

In summary, CSA can have lasting effects in the

area of adult sexual relationships.

• Assessment of recovery from the abuse (with or

without past therapy) :

- history of recurrent depression

- history of substance abuse, self-harm

- history of promiscuity

- unable to trust especially persons of the same gen-

der as the perpetrator 

- exaggerated need for control

- exaggerated need to please (and inability to say no)

• When recovery is incomplete further assessment

of the abuse is necessary. However, its timing is

important - therapy for the abuse should follow

any detailed questioning :

- circumstances of the abuse including woman's age

and perpetrator's age

- what sexual behaviours occurred

- if there were forces or threats made

- if there was reflexive genital responding and if so,

did the perpetrator compound her distress by sta-

ting such a response meant she “enjoyed or wan-

ted it”. Does she understand now why that can

happen ?

- if she reported the incident to anyone and that per-

son's reaction

- her knowledge of the whereabouts of the perpetra-

tor currently.

· Treatment for sexual trauma should be addressed

before treatment for sexual dysfunction can begin.

· Therapy should help women understand any pos-

sible connections between past and current sexual

functioning, particularly re feelings of trust and

being sexually vulnerable.

· Important aspects of therapy include :

• Encouragement that women can be in control of

their sexual encounters.

• Learning to mentally and physically relax prior

to receiving sexual stimulation.

• Recognition that women need only engage in

encounters with which they are fully comfor-

table.

• Help to develop verbal and non-verbal commu-

nication with sexual partners to limit further

sexual stimulation when feeling overwhelmed,

“numb” or fearful.

• Assistance to develop relationships where there

is a healthy balance of power.

• When relevant, explanation of the reflexive

(automatic) physiological genital responding

that sometimes occurs during abusive/coercive

sex. 

It is clear that when sexual dysfunction has its roots

in childhood trauma, a pharmacological intervention

is likely to prove ineffective in resolving sexual

symptoms. A more extensive exploration and

confrontation of the psychological, emotional, and

relational issues that impact women's sexuality, is

needed. Berman and associates examined the effica-

cy of sildenafil (Viagra), a drug used to treat arousal

disorders in men, for women with and without a his-

tory of CSA seeking treatment for sexual dysfunction

[319]. This drug was effective in increasing sexual

arousal (including lubrication, genital sensation,

satisfaction with intercourse, and orgasm) for

women who had no history of CSA, but not for

women with those histories. These findings illustrate

the importance of obtaining complete sexual histo-

ries when treating female sexual dysfunction with

medications.
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• Abuse is common and enquiry re its occurrence

must be a routine part of the assessment of

women's sexual dysfunction.

• Given internal pelvic examinations can provoke

emotions associated with the abuse, these should

not be considered simply “routine” for all women

with sexual complaints, but rather there must be a

reason for such an examination and its nature and

purpose explained to the woman ahead of time -

see page 871.

• The evidence is that sexual dysfunctions, espe-

cially orgasm dysfunction, is correlated with a

past history of sexual abuse.

• Given poorer general relationship satisfaction is

also associated with past sexual abuse and

women's sexual function is closely linked to rela-

tionship satisfaction, sexual sequelae of abuse can

be severe.

• Once the history of sexual abuse is elicited, there

must then be an assessment of the woman's reco-

very.

• When recovery is incomplete, it is necessary to

advise that the abuse itself is addressed rather than

moving onto any definitive treatment for sexual

dysfunction per se [320].

More than 130 million women and girls worldwide

have experienced “excision”, commonly known as

female circumcision. Surgical alteration of girls and

women's genitalia has been performed for more than

4,000 years [321]. It is estimated nearly 2 million

women and girls continue to be excised yearly [321].

Female circumcision is practiced in at least 26 Afri-

can countries with some regularity [321]. With the

current increase in international travel these proce-

dures, recently termed “genital cutting”, are seen and

performed in many other parts of the world, inclu-

ding Europe and the United States. It is recommen-

ded that health practitioners understand the different

types of female circumcision and their sexual com-

plications, as well as those that are medical and obs-

tetric. However, the strong recommendation is to

address these issues with sensitivity and awareness

of the historical and cultural beliefs that are enme-

shed, such that effective appropriate interventions

can be made. 

The parts of the external female genitalia involved in

female circumcision are :

1) Mons Pubis : the area where the labia majora join

together at the top of the vulva.

2) Perineum : the skin between the anus and the ope-

ning of the vagina. 

3) Labia majora : two easily seen elliptical folds of

skin extending between the pubis and the per-

ineum.

4) Labia minora : two smaller folds of skin beneath

the labia majora. They extend from the perineum

to meet and surround the clitoris.  

5) Clitoris : structure similar to the penis but much

smaller, located about one-half inch above the

urethral opening at the point where the labia

minora meet. Clitoral tissue is extensive - the

visible, palpable part being less than 10%. It

extends under the pubic bones and connects with

similar tissue around the vaginal opening under

the thin superficial perineal muscles - “bulbs of

the clitoris”.

Literature on sexual functioning after female circum-

cision is limited and most of what is to follow has

been accumulated from clinical practice and group

discussions between the author and girls and women

who have been excised. Dyspareunia, orgasmic

delay and lack of orgasm are not uncommon [322].

One study found approximately half the women
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reported lack of sexual desire. Similarly, half repor-

ted lack of sexual pleasure and 60% lack of orgasm

[323]. The imposed infertility from infection of these

procedures can indirectly affect the woman's sexual

functioning as the psychosocial consequences of

infertility in communities practicing genital circum-

cision, can be extreme. Moreover, emotional distress

and physical pain during sexual stimulation and

intercourse diminishes enjoyment for the man also,

impairing the intimacy of their relationship and again

indirectly, therefore reducing the woman's sexual

function. 

The types of female circumcision are [321, 324] :

1. TYPE I : EXCISION OF ALL OR PART OF THE

CLITORIS AND ITS PREPUCE OR SKIN. 

Removal of the visible part of the clitoris, its cove-

ring (frenulum below and prepuce above formed by

the labia minora) and perhaps its suspensory liga-

ment, will also involve cutting its blood supply

(branch of the internal pudendal artery) and innerva-

tion (branch of the pudendal nerve). This can lead to

chronic referred pain over the lower back and groin.

Dyspareunia with diminished or absent arousal,

orgasm and sexual satisfaction can occur.

2. TYPE II : EXCISION OF THE CLITORIS WITH

PARTIAL OR TOTAL REMOVAL OF BOTH LABIA

MINORA.

When the labia minora have been partially or totally

removed along with the clitoris additional blood ves-

sels (pudendal branches from the femoral artery and

vein) and nerves (branches of the ilioinguinal,

pudendal and  genito-femoral) are cut.  Referred

pain is to the vagina. This can heighten or exagge-

rate the female sexual dysfunction described with

type I.

3. TYPE III : EXCISION OF ALL EXTERNAL

GENITALIA, CLOSURE OF THE VAGINAL OPE-

NING EXCEPT FOR A MATCH TIP SIZE AREA

FOR URINE AND BLOOD TO ESCAPE.

Removal of all external genitalia is accomplished

with this excision. Not only is there a greater chance

for more pronounced sexual dysfunction but place-

ment of sutures and binding the legs together leads to

higher rates of infection and known findings of nerve

entrapment and scarring.

This procedure may result in dyspareunia and/or

vaginismus. Women may report low sexual desire

due to fear of pain upon penetration.

4. TYPE IV : PRICKING, PIERCING OR INCISING

THE CLITORIS AND OR LABIA.

Depending on the extent of the excision the effect of

Type IV excisions may be marginal to extreme.

Hypersensitivity to direct clitoral contact may lead to

dyspareunia and/or decrease in sexual desire to avoid

the pain associated with vaginal penetration.

Procedures performed in type IV circumcisions

include a) stretching of the clitoris and/or labia, b)

cauterizing the clitoris and/or surrounding tissue, c)

scraping the tissue surrounding the vaginal opening

(angurya cuts), d) cutting into the vagina (gishiri

cuts) and e) inserting corrosive substances or herbs

into the vagina to tighten or narrow it.

These procedures are usually associated with less

painful intercourse but can be associated with psy-

chological problems that affect sexual functioning.

Type I is performed 80% of the time. Type III is per-

formed 15% of the time.

Female circumcision is commonly performed prior

to puberty but can be done as early as 7 days after

birth [326]. Female circumcision can be performed

more than once especially in some women who

request re-suturing of the vagina after childbirth.

The most common reasons given for this procedure,

are to [327] : 

1) maintain chastity and virginity until marriage

2) maintain fidelity during marriage

(3) increase the man's sexual pleasure

4) heighten the woman's sexual desire.

5) help keep the genitalia clean and pleasing to the

eye.

6) follow the cultural tradition of initiating girls into

womanhood

7) follow religious tradition

8) enhance fertility and child survival 

Less common myths are: men prefer circumcised

women ; a man can get sick or even die if his penis

comes into contact with an uncircumcised woman's

genitals ; circumcision prevents cancer; men cannot

IV. REASONS GIVEN FOR FEMALE
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match an uncircumcised woman's unbridled sex

drive; circumcision prevents masturbation ; and

without circumcision the clitoris may grow to an

enormous size and hang between the woman's legs.

Immediate effects of female circumcision are severe.

Pain, bleeding and shock may occur. It is ironic that

in some cultures circumcision is performed on the

7th day of birth to “lessen” the amount of pain.

Unfortunately there is tremendous pain and occasio-

nally bleeding and shock leading to death. As the site

of surgery heals swelling (congestion) and infection

are common since the technique is carried out with

non-sterile instruments and the circumcised person

may be forced to remain with legs bound together for

40 days. 

The combination of scar tissue, trapped nerves, com-

promised blood supply and formation of neuromas

increase the chance of continued pain at the point of

circumcision, the surrounding area and the abdomen.

Although the underlying pathophysiology is poorly

understood dyspareunia is an unwanted side effect of

female circumcision.

Since pain is an unpleasant experience it is also an

emotional experience. There is no direct relationship

between the amount of tissue damage and the degree

of pain perceived. Factors such as : 

1) the amount of distress experienced as a result of

the excision ; 

2) traumatic memories ; 

3) family dysfunction ; 

4) financial status ;

5) a history of substance abuse and

6) relationship problems, all influence perceptions of

pain and sexual dysfunction. Even with similar pro-

cedures and stimuli individuals will have different

perceptions of the amount of pain.

Assessing the sexual health of girls and women

should be carefully and respectfully conducted.

Women have reported feeling betrayed by mothers,

husbands and other family members when forced to

undergo excision [326]. “Routine examination” is

rarely an appropriate concept for women with these

histories - rather physicians must be aware that such

procedures may trigger flashbacks, especially in

those suffering from post-traumatic stress disorder

associated with the genital cutting Psychotherapy is

recommended to help those who report traumatic

experiences with female circumcision. Therapy

should include assessment of any sexual dysfunc-

tion. While not all women report sexual problems

as a result of female circumcision, it is important to

offer them an opportunity to discuss feelings and

learn skills to increase self-esteem and sexual satis-

faction. Caution is recommended to remember that

many of these women may well be well adjusted and

have no sexual complaints [328].

Before history and physical examination are perfor-

med, both male and female physicians should ensure

that trust and rapport is well established. Often but

not always, the presence of a female chaperone is

helpful. Initially a discussion defining sexual dys-

function and how it can affect relationships and

sexual satisfaction is necessary. The following ques-

tion can be asked, “Do you have any sexual concerns

you need to discuss ?” During the physical examina-

tion care should be taken to thoroughly inspect and

palpate the genital and pelvic anatomy. This should

include an anorectal exam, demonstration of control

of vaginal muscles and strength of pelvic floor

muscles. The type of female circumcision should be

pinpointed. The examiner should note the amount

and site of pain. Pain can be graded on the cardinal

score of zero to ten with zero for no pain and ten for

the worst pain. Each site of pain should be noted ana-

tomically and a score placed on its location. Any

consideration for sex therapy should include the

continuum of pain a woman describes. A woman's

partner and family may need to be included in coun-

seling sessions in order to educate families about the

effects of female circumcision on the woman's psy-

chological well being and physical health. Additional

treatment for sexual dysfunction may range from

recommending vaginal lubricants and pelvic floor

strengthening exercises to surgical correction and

should be individualized.
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1. Ways to facilitate change of beliefs within the

communities practising excision are urgently nee-

ded.

2. Laws prohibiting female circumcision need to be

enforced.

3. Further investigation is necessary to fully unders-

tand all circumstances surrounding this spectrum

of “surgeries”, especially the claim of genital reju-

venation and increased sexual pleasure.

4. Girls and women who have undergone genital cir-

cumcision should be encouraged to seek out sup-

port groups for FGC survivors. They should be

informed about the surgical options for repair

including the release any constricting sutures,

reconstruction of the vagina and improving or cor-

recting any blockage of urine or menstrual blood.

Again, it is recommended to be aware that such a

surgical intervention may bring back acute aware-

ness of the original trauma. 

5. Psychotherapy should be available and outcome

studies conducted.

6. Aside from laws prohibiting female circumcision

under the age of 18 in most countries, on an ethi-

cal basis, excision cannot be condoned. 

It is recommended that health practitioners do not

take a judgmental role. There needs to be close liai-

son between Sexual Medicine, Primary Care, Pedia-

trics, Obstetrics, Psychiatry and Psychology and

importantly, the immigrant communities when

women are being seen in western countries. 

The challenge to change attitudes is immense and

must continue as a major focus of human rights and

other international non-governmental organizations. 

It is important to always be aware that even for those

women who have relocated to the west, these see-

mingly abhorrent practices may, nevertheless, serve

as a confirmation of their cultural identity. For some,

it may be extremely important to preserve their tra-

ditions and cultures [328].

Adequate systematic studies of medication (antide-

pressant medication in particular) associated sexual

dysfunction in women, have not published. Clinical-

ly, the most common concerns are with selective

serotonin reuptake inhibitors reducing sexual res-

ponsiveness. This is thought to be possibly due to

increasing the serotonergic tone, thereby reducing

dopamine mediated activation of sexual response,

and augmenting the descending inhibitory serotoner-

gic pathways. Despite apparent benefit of the

5HT1A agonist buspirone, and the dopaminergic

agonist amantadine in uncontrolled studies, neither

drug was statistically superior to placebo in a two-

month RCT [329]. Sexual pleasure, psychological

arousal, overall sexual function was reviewed, as

well as sexual interest/desire, lubrication and

orgasm.

A case series of 106 women treated in a nonrando-

mized manner with either moclobemide, paroxetine,

sertraline or venlafaxine, were followed for sexual

complications [330]. There was somewhat less

reduction of desire/interest for those on moclobemi-

de and to a lesser extent for those on venlafaxine and

there was less reduction of arousal with these two

drugs. Lubrication difficulties were rare only with

moclobemide and interestingly, no women taking

moclobemide reported orgasm difficulties.

A randomized controlled trial of augmentation thera-

py with placebo, mirtazapine, yohimbine or olanza-

pine for 6 weeks given to women with fluoxitene-

associated sexual dysfunction, did not support the

previous uncontrolled reports of efficacy with these

agents in women [331].

Although numerous open label studies suggested

bupropion combined with SSRIs ameliorated the

SSRI-induced sexual dysfunction, a placebo-control-

led bupropion add-on study of SSRI-associated

sexual dysfunction showed no significant difference

compared to placebo. It is of note that the dose of

bupropion was fixed at 150 mg without any titration

[332]. It is highly recommended that further rando-

mized controlled studies are done given the high pre-

valence of sexual dysfunction associated with SSRIs

and the frequent noncompliance that ensues with

subsequent risk for relapse/recurrence of major

depressive disorder.
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Treatment for sexual pain disorders in the healing

professions has always been a tricky matter. This is

well-illustrated by a comment made by Robert Latou

Dickinson in 1933 :

“The surgeon thinks of difficult coitus in terms of a

knife passed through muscles in spasm; the psy-

chiatrist thinks of dyspareunia as a mental knot to

be disentangled by analysis; the gynecologist who is

weary of patching - poor and late patching - begins

to think in terms of prevention through routine pre-

marital examination and instruction” [333]. 

This section on the various aspects of sexual pain

will review pathophysiology, psychopathology,

treatments, prognostic factors but interestingly there

are no studies on prevention. Everyone who regular-

ly encounters the complaint of dyspareunia knows

that women are inclined to continue with coitus, if

necessary, with their teeth tightly clenched. The

repercussions on the woman sexually and emotional-

ly plus the distancing and misunderstanding between

the two partners can make the treatment of sexual

pain disorders difficult and frustrating for patients

and clinicians. 

1. TERMINOLOGY

Vulvar vestibulitis syndrome (VVS) is thought to

account for the vast majority of chronic dyspareunia

currently identified in some 3 -20% of nationally

representative community studies [1, 2, 69]. The

syndrome includes painful penile-vaginal intercour-

se or pain upon touching the vulvar vestibule and

signs limited to variable vestibular erythema. 

Interestingly, hyperesthesia of the vulva, which fea-

tures prominently in women with VVS, was a well-

described entity in American and European gyneco-

logical textbooks more than 100 years ago [334,

335].

Surprisingly, despite early detailed reports, chronic

vulvar dysesthesia disappeared to a large extent from

the medical literature until the early 1980s. In 1982

the International Society for the Study of Vulvar

Disease (ISSVD) formed a task force to survey vul-

var pain syndromes. This task force coined the term

“vulvodynia” as chronic vulvar discomfort, charac-

terized by the patient's complaint of burning (and

sometimes stinging, irritation or rawness) in the vul-

var area [336]. The term vulvodynia (the symptom)

is often loosely used as a somewhat composite “dia-

gnosis” covering several disorders, all of which

result in chronic vulvar pain ; VVS, dysesthetic vul-

vodynia, vulvar dermatosis, cyclic vulvovaginitis,

vulvar papillomatosis [337].

At the 1999 World Congress of the ISSVD a new

classification system for vulvar dysesthesia was pro-

posed, namely a division into two broad categories :

(1) generalized vulvar dysesthesia, (2) localized vul-

var dysesthesia - vestibulodynia, clitorodynia and

other. This new classification is based on location of

pain (recognizing, that we know little about the etio-

logy of pain in vulvodynia), in contrast the initial

classification system focused on possible etiologies.

However, as of June 2003 this new classification sys-

tem has not been published in the peer-reviewed lite-

rature.

This review highlights the clinical presentation of

two categories of sexual pain disorders, dyspareunia

and vaginismus. As discussed earlier in this chapter,

the ICD-10, and the DSM IV view sexual dysfunc-

tion as involving either psychological or somatic

components or a combination, suggesting these are

separate entities and that etiologies are usually

known [56, 57]. However, sexual function is a

supreme example of the mandatory blending of mind

and body. Moreover the precise etiology of dysfunc-

tion is often unclear. Frequently, sexual pain is or

becomes associated with lack of subjective arousal

(and orgasm) and lack of desire/interest. Reduced

genital congestion is frequently reported but is as yet

not scientifically documented [78]. Whereas a lack

of sexual arousal is one certain etiological factor,

others are currently extremely unclear. We therefore

do not recommend the specification of a biological

or psychological etiology.

2. OVERLAP OF PAIN SYNDROMES

Current diagnostic systems also rely heavily on the

sexual response cycle. However, the categories of

pain disorders, vaginismus and dyspareunia are not

part of the sexual response cycle. Also, the assump-

tion that dyspareunia and vaginismus are distinct

types of sexual pain disorders, have recently been

challenged [338-342]. Research has demonstrated

persistent problems with the sensitivity and specifi-

city of the differential diagnosis of these two pheno-
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mena. Both complaints may comprise, to a smaller or

larger extent :

1. Problems with muscle tension (voluntary, involun-

tary, limited to vaginal sphincter, or extending to pel-

vic floor, adductor muscles, back, jaws, or entire

body) ;

2. Fear of sexual pain (either specifically associated

with genital touching/intercourse or more generali-

zed fear of pain), or fear of intercourse for reasons

other than pain ;

3. Propensity for behavioral approach or avoidance.

Despite painful experiences with genital touching/

intercourse, a subgroup of women continues to be

receptive to sexual partner initiatives or to self-ini-

tiate sexual interaction. Avoidance of opportunity

and/or avoidance specifically of touch between the

labia minora is characteristic of others.

So, for example, complaints of pain upon genital tou-

ching, superficially located at the vaginal introitus

during sexual activity, sometimes associated with

other types of vulvar/vaginal/pelvic pressure (e.g.,

sitting, riding horse or bicycle, wearing tight trou-

sers), are typical of VVS. However the above pheno-

mena typical of “vaginismus”, may also be present.

Despite the above, in this chapter, the independent

existence of dyspareunia, VVS and vaginismus is a

priori accepted to allow the use of the existent scien-

tific literature based on this nosological distinction.

For the present review in the etiology of sexual pain

disorders, dyspareunia is defined as: recurrent or

persistent genital pain associated with sexual inter-

course [64]. It can be subdivided into deep and

superficial pain. Superficial (introital) pain, dyspa-

reunia may either be or not be identified as VVS.

Vaginismus has been defined as recurrent or persis-

tent involuntary spasm of the musculature of the

outer third of the vagina that interferes with vaginal

penetration, which causes personal distress. As

knowledge of etiology and treatment of sexual pain

disorders advances, these definitions are being modi-

fied. An international consensus committee recently

recommended the following definition [64].

The persistent or recurrent difficulties of the

woman to allow vaginal entry of the penis, a finger,

and/or any object, despite the woman's expressed

wish to do so. There is variable (phobic) avoidance,

involuntary pelvic muscle contraction and anticipa-

tion/fear/ experience of pain. Structural or other

physical abnormalities must be ruled out/addres-

sed. 

3. SEXUAL PAIN AND EVIDENCE BASED

REPORTING

The Oxford system of levels of evidence unfortuna-

tely, is poorly adapted for this literature. There are

very few empirical studies and the overall quality of

evidence is poor. 

The evidence that does exist is usually linked to one

laboratory or investigator and has rarely, if ever, been

independently replicated. By definition, therefore,

most of the evidence is level 2b or below.

A basic understanding of the neurobiology of the pel-

vic floor is paramount to gain further insight into the

pathophysiology of urogenital disorders (which are

characterized by disturbances of sensation and moti-

lity) and to develop effective clinical management

strategies for patients presenting with these syn-

dromes [343]. 

Over the last 15 years the basic neurobiology of the

pelvic floor, despite its complexity, has come to be a

reasonably well-developed discipline owing to an

increasingly refined knowledge of principles pertai-

ning to the neuroanatomy and neurochemistry of pel-

vic functions [344]. 

This section provides a detailed description of the

female external reproductive system and pelvic

floor musculature. It also contains a brief overview

of the current knowledge of the relevant neuroche-

mical basis for regulatory functions and sensory pro-

cessing.

It is important to note that the summary attempts to

derive as much information as possible from investi-

gations involving humans although some generaliza-

tions are necessarily taken from animal studies reco-

gnizing that much research in this field is in its infan-

cy. Many of the animal studies concerned with the

characterization of the autonomic outflow to the pel-

vis (unless they were specifically designed to assess

the female reproductive tract) have primarily been

conducted in male animals. 

This caveat is important since there is some eviden-

ce to suggest that pelvic floor and perineal innerva-

tion may differ between men and women [345].

Q. NEUROBIOLOGY OF THE
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The pelvis and pelvic floor are innervated by both

divisions of the autonomic nervous system, the sym-

pathetic and parasympathetic divisions, as well as

by the somatic motor and sensory nervous systems.

In a broad anatomical view, dual projections from

the thoracolumbar and sacral segments of the spinal

cord carry out this innervation, converging primarily

into discrete peripheral neuronal plexuses before dis-

tributing nerve fibers throughout the pelvis (Figure

6). Interactive neuronal pathways routing from

higher origins in the brain through the spinal cord

add to the complexity of neuronal regulation in the

pelvis. While it is important to appreciate the

influence of supraspinal centres in the coordination

of pelvic organ activities, it is beyond the scope of

this review to discuss these interactions in further

detail [346-352].

The nomenclature of the various plexuses, ganglia

and nerves in the pelvic cavity is varied and some-

times confusing presenting designations from both

Nomina Anatomica and clinical usage [353,354]. In

this review we have used the anatomical nomencla-

ture, the clinical usage is given in brackets : superior

hypogastric plexus (presacral nerve), hypogastric

plexus (hypogastric nerve), inferior hypogastric

plexus (pelvic plexus) and pelvic splanchnic nerve

(pelvic nerve).

1. THE INFERIOR HYPOGASTRIC PLEXUS

Within the pelvis, the inferior hypogastric plexus is

regarded to be the major neuronal integrative center.

Neuroanatomical studies have confirmed its retrope-

ritoneal location adjacent to each lateral aspect of the

rectum, with interconnections between the left and

right inferior hypogastric plexuses at the posterior

aspect of the rectum [355-357]. It innervates mul-

tiple pelvic organs, including the urinary bladder,

proximal urethra, distal ureter, rectum and internal

anal sphincter, as well as genital and reproductive

tract structures [358]. The anterior part of the inferior

hypogastric plexus, associated with the distal extent

of the hypogastric plexus (hypogastric nerve), is

referred to as the paracervical ganglia. These are

situated in the parametrium lateral to the cervix and

the upper part of the vagina, and distribute nerve

fibers to the corpora cavernosa of the clitoris, vagina

and periurethral tissues [359].

Neuronal input to the inferior hypogastric plexuses

involves sympathetic and parasympathetic systems.

Sympathetic nerves originate in the thoracolumbar

segments of the spinal cord (T10-L1) and condense

into the superior hypogastric plexus located just infe-

rior to the aortic bifurcation. Preganglionic efferents

originate largely in the intermediolateral cell column

whereas afferents have their cell bodies located in

dorsal root ganglia of these segments. Nerve fibers

project from the superior hypogastric plexus as pai-

red hypogastric plexuses (hypogastric nerves) and

fuse distally before diverging bilaterally into

branches destined for the inferior hypogastric

plexuses. Additional sympathetic innervation to

genitourinary organs may involve preganglionic

nerves which synapse on postganglionic nerves ori-

ginating in sympathetic chain ganglia; these postgan-

glionic nerves join sacral nerves and course to their

destinations via pelvic somatic neuronal pathways

(see description below) [360]. Parasympathetic pre-

ganglionic nerve efferents are thought to arise from

cell bodies of the sacral parasympathetic nucleus

located in the intermediolateral gray matter of the

sacral spinal conus (S2-S4) and fuse as the pelvic

splanchnic nerve before entering the inferior hypo-

gastric plexus [361, 362]. Parasympathetic afferents

have cell bodies located in the S2-S4 dorsal root gan-

glia and course also within the pelvic splanchnic

I. NEUROANATOMY OF THE PELVIS

AND PELVIC FLOOR

928

Figure  6 : The neuroanatomy of the pelvis and the pelvic

floor



nerve. In addition to its parasympathetic efferent and

afferent component the pelvic splanchnic nerve also

receives postganglionic axons from the caudal sym-

pathetic chain ganglia [90].

2. PELVIC AUTONOMIC INNERVATION

A distinctive distribution of pelvic autonomic inner-

vation is recognized at the urogenital organ level. In

women it involves inferior hypogastric plexus pro-

jections deriving primarily from the paracervical

ganglia part of the plexus. Conspicuous nerve trunks

run in the adventitia of the vagina parallel to its long

axis, sending off anterior branches that course to the

clitoris and periurethral tissues and local branches

which enter the vaginal smooth muscle walls [354,

363]. A network of nerve fibers tends to follow vas-

cular distributions and conspicuously terminates at

the junction between the subepithelial connective tis-

sue and the vaginal epithelium as well as within the

epithelium. Nerve density is observed to be greater

in the distal vagina compared with proximal

regions [363]. The exact course of the nerves pier-

cing the urogenital diaphragm to supply the vulvar

tissues which engorge with sexual arousal is current-

ly being delineated. The cavernosal or autonomic

neural anatomy is microscopic and difficult to define

consistently. It appears to be a network of nerves

rather than discrete nerves.

3. SOMATIC INNERVATION

Somatic efferent and afferent innervation to the pel-

vis is generally understood to involve the sacral

nerve roots (S2-S4) and their ramifications. Somatic

efferents arise within Onuf's nucleus situated in the

ventral horn of the S2-S4 spinal conus, and afferents

reach the dorsal horn with their cell bodies in dorsal

root ganglia of these segments [364]. Central projec-

tions of somatic afferents overlap with pelvic nerve

afferents within the spinal cord, which theoretically

allows coordination of somatic and visceral motor

activity [360].

The sacral nerve roots emerge from the spinal cord

forming the sacral plexus, from which the pudendal

nerve diverges (S2-S4, with the S3 segment provi-

ding the largest contribution) along with the sciatic

nerve between an initial division of sacral nerves and

a subsequent division of fibers that intermingle with

autonomic pelvic nerves coursing to the inferior

hypogastric plexus [365-369]. The pudendal nerve

also receives postganglionic axons from the caudal

sympathetic chain ganglia. In general, the pudendal

nerve runs medial to the internal pudendal vessels

along the lateral wall of the ischiorectal fossa dorsal

to the sacrospinous ligament. The pudendal nerve

divides into upper and lower trunks [366]. The lower

trunk of the pudendal nerve gives rise to the inferior

rectal nerve innervating the external anal sphincter

and perianal skin. The dorsal nerve of the clitoris is

derived from the upper trunk of the pudendal nerve.

The clitoral and perineal neurovascular bundles

are paired terminations of the pudendal neurovas-

cular bundles. They arise at the pelvic sidewall. The

clitoral neurovascular bundle ascends along the

ischiopubic ramus to meet the neurovascular bundle

from the other side close to the midline. Where the

crura join to become the joined corpora (the body of

the clitoris) the clitoral neurovascular bundles pass to

the superior surface of the clitoral body to pass along

that surface, supplying the clitoris but also largely

passing as an intact large neural trunk into the clito-

ral glans. The perineal neurovascular bundle supplies

the urethra and bulbs and is seen passing under the

pubic arch to gain access to this area. These neuro-

vascular bundles are very large, visible to the naked

eye and the nerves are 2mm in diameter even in the

infant. 

The remaining branch of the pudendal nerve, the

perineal nerve, arises either from the upper or lower

trunk or both trunks and provides innervation to the

ischiocavernous, bulbocavernous and superficial

transverse perineal muscles and the striated urethral

sphincter and labial skin [366]. Many well-regarded

anatomical texts have described that the pelvic floor

muscles receive a dual innervation by the pudendal

nerve and direct branches of the third and fourth

sacral motor nerve roots [370-372]. However, a

recent study in female cadavers found that a nerve

directly originating from sacral foramina S3 to S5

crosses the superior surface of the pelvic floor to

innervate the three levator ani muscles: iliococcy-

geal, pubococcygeal and puborectal muscles [366].

No pudendal nerve branch that innervated the levator

ani muscles could be identified in this study.

Branches of S4-S5 nerve roots forming the coccy-

geal plexus distribute to perineal, perianal, and scro-

tal (or labial) skin [369].

4. INNERVATION OF THE VULVAR AND VAGINAL

AREA - CLINICAL RELEVANCE

Most studies on vulvar/vaginal innervation have

been derived from animal studies [343, 373]. Com-

pared to other areas of neuroscience little is known

about the functional neural correlates that signal the
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wide range of sensations from the vulvar and vaginal

area ranging from pleasure to pain. The vulva is den-

sely innervated by branches of the pudendal nerves

(somatic nerves), conveying information about

gentle and intense mechanical stimulation to the

sacral spinal cord (S2-S4). The vagina is innerva-

ted by the pelvic nerves (parasympathetic nerves).

The cervix and adjacent fornix region of the vagi-

na are innervated more densely than the rest of the

vagina by the pelvic and hypogastric nerves. Recent

evidence showing that in addition the vagus may

innervate all components of the female reproducti-

ve tract may be important [374]. Information arri-

ving from the vulva, vagina and cervix is conveyed

to widespread regions of the CNS, implying that sti-

mulation of these regions can affect a wide range of

physiological and perceptual functions [375-378].

Fibers innervating the vagina are activated by both

gentle and intense mechanical stimulation, including

noxious stimuli [375, 379]. Mechanical probing

(non-noxious stimuli) of the vagina and/or cervix has

produced antinociceptive effects in rats and analge-

sia in women [380, 381]. The urogenital sinus of the

embryo differentiates into the adult urachus, bladder,

urethra and vestibule, which in the adult comprises a

shallow funnel of endodermal origin, sandwiched in

between the (ectodermally derived) vulva and vagi-

na proper [382-385]. The human vulvar vestibule

contains free nerve endings but has no specialized

nerve endings such as Meissners or Pacinian cor-

puscles [386]. The first survey of the innervation pat-

tern in the human vagina using a pan-axonal marker

was published in 1995 [363]. Free intraepithelial

nerve endings were only detected in the introitus

vaginae region. These very superficial free nerve

endings are considered to be nociceptive or thermo-

ceptive [387]. Interestingly, two independent studies

reported vestibular neural hyperplasia in women

with vulvodynia, which might provide a morpholo-

gical explanation for the vestibular hyperalgesia

reported by these patients [384, 388].

An elaborate neurochemical coordination of all com-

ponents of the central and peripheral nervous sys-

tems is necessary for the performance of autonomic

and somatic events in the pelvis. As indicated pre-

viously, the inferior hypogastric plexus represents

the major neuronal center in the pelvis providing a

relay station for interconnecting nerve pathways,

but it also represents a critical integrative site for

the neurochemical influences operative in the pel-

vis [364, 389, 390]. The structure contains multiple

subpopulations of cells, defined by their putative

neurotransmitter contents, and displays a highly spe-

cialized synaptic organization and system of signal

processing. For example, while cholinergic pregan-

glionic neurons provide a primary excitatory input to

cholinergic postganglionics, postganglionic nicotinic

receptors can provide feedback inhibition on pregan-

glionic acetylcholine release. Similarly, noradrener-

gic sympathetic fibers synapsing on cholinergic post-

ganglionic neurons or interneurons in the inferior

hypogastric plexus impedes cholinergic synaptic

transmission [389]. In fact, neuropeptides, purines,

kinins, monoamines, and amino acids, as well as

local factors such as prejunctional muscarinic recep-

tors and non-neural endothelins, may all serve as co-

transmitters or neuronal modulators of classical neu-

rotransmitter (acetylcholine and norepinephrine)

release. A major sensory role for urothelially relea-

sed ATP acting via P2X3 receptors on a subpopula-

tion of pelvic afferent fibers has recently been docu-

mented in P2X3 knockout mice [391].

1. GENITAL ORGAN BLOOD ENGORGEMENT

Clitoral and vaginal vasocongestion is generally

associated with parasympathetic vasodilator mecha-

nisms, among which acetylcholine, VIP and nitric

oxide appear to be contributing neurotransmitters [8,

82]. Flaccid genital organ states appear to be tonical-

ly governed by adrenergic and possibly peptidergic

sympathetic mechanisms [392]. It is contended that

parasympathetic mechanisms also account for vagi-

nal fluid transudation, which accompanies vaginal

vasodilatation, and that neuropeptides are primary

candidates for this regulatory function [390, 393,

394]. Somatic nerves also exert a significant role in

activating bulbospongiosus and ischiocavernosus

muscles as well as other muscles of the pelvic floor.

Contraction of these perivaginal muscles during

sexual stimulation contributes to intravaginal pressu-

re effects [394].

2. NOCICEPTION AND PAIN

Nociception and pain arising from within the pelvis

and pelvic floor also involve diverse neuronal

mechanisms, although there are some general cha-

racteristics. In general, sensations from the pelvic

viscera are conveyed within the sacral afferent

parasympathetic system, with a far lesser afferent

supply from thoracolumbar sympathetic origins

II. NEUROCHEMISTRY
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[395].   Receptive fields in the perineum are unders-

tood to be carried out primarily by sensory-motor

discharges associated with pudendal nerve affe-

rents [395,389]. While the interactions of sensory

afferents are quite complex, likely possibilities by

which these pathways exert effects on autonomic

efferent function include mediatory effects on spinal

cord reflexes and modulatory effects on efferent

release in peripheral autonomic ganglia and in per-

ipheral organs.

Afferent nerve distributions within the vascular and

nonvascular smooth muscle of the vagina contain the

neuropeptides, galanin and substance P, [82, 390]

while extensions into the epithelium and between

epithelial cells primarily contain substance P and

CGRP [82].

It is of interest, that there are several urogenital and

pelvic pain syndromes, where the chronic pain syn-

drome seems to be related to an inflammatory etiolo-

gy : loin pain/hematuria syndrome, interstitial cysti-

tis, irritable bowel syndrome, prostatodynia (prosta-

titis), VVS. However, despite numerous research

efforts, no causes for these inflammatory changes

have been identified so far. It is possible that neuro-

genic inflammation plays a role. It is generally

accepted that noxious stimuli can increase the level

of pain-producing substances by damage to local tis-

sue. It is important to realize, that substances contri-

buting to nociception are actually present in the ter-

minals of primary afferent nociceptors and that these

substances can be released by those terminals when

the nociceptor is stimulated. The observation that

sensory fibers mediate not only afferent function

but also efferent function through the release of

modulatory factors dates back to Bayliss (1901),

who showed that antidromic conduction in afferent

fibers caused vasodilatation [396]. When sensory

fibers are stimulated electrically near the spinal cord,

electrical impulses will travel from the site of stimu-

lation in both directions: towards the spinal cord (the

normal - orthodromic - direction for sensory axons)

and towards the periphery (opposite to normal - anti-

dromic direction). When the antidromic impulses

arrive in the periphery in the area innervated by the

activated primary afferent nociceptors, neurogenic

inflammation is produced, characterized by redde-

ning (vasodilatation), edema (plasmaextravasation)

and hyperalgesia. This neurogenic inflammation is

produced by diffusible substances or substances

released from the terminals of primary afferent neu-

rons (neuropeptides and probably other autoacoids).

The primary afferents involved are thought to be

mainly C-fibers, although A-delta fibers also play a

role. Although the efferent action of primary afferent

fibers is often attributed to axon reflexes, recent stu-

dies have indicated that also dorsal root reflexes play

a major role in neurogenic inflammation [397]. Neu-

rogenic inflammation has been described in nume-

rous tissues including skin, the joints, the eye, the

middle ear, the respiratory, reproductive and digesti-

ve system, the dura mater, and most importantly in

the context of interstitial cystitis in the genitourinary

system [398-400]. Under normal conditions neuro-

genic inflammation seems to be an adaptive res-

ponse, promoting rapid increases in tissue substrates,

activating cells for local defense and enhancing fluid

transport to isolate and dilute invading bacteria and

toxins. However, in other settings, due to reasons

that are not clear and are the subject of intense

research, neurogenic inflammation can become

maladaptive. There is increasing evidence for the

role of neurogenic inflammation in the pathophysio-

logy of several diseases including asthma, arthritis,

migraine and more recently the involvement of neu-

rogenic inflammation has also been suggested in the

development of interstitial cystitis [401-403]. In vis-

ceral pain conditions neurogenic inflammation does

not only play a role in pain and inflammation at the

site of the viscus, but also appears to be an important

mechanism in referred pain [404]. For example,

pain of acute myocardial infarction may sometimes

induce a left scapulohumeral periarthritis, an inflam-

matory condition in the referred zone [405]. It could

be hypothesized that neurogenic inflammatory

mechanisms in the referred zone might play a role

in patients who present with interstitial cystitis and

vulvodynia, or pelvic pain and vulvodynia where an

inflammatory painful condition develops in the

referred zone (the urogenital floor) of the urinary

bladder or the pelvis. Evidence for neurogenic

inflammation in the somatic referred zone triggered

by inflammation of a viscus has been demonstrated

in an animal model of uterine pain in the rat, suppor-

ting the above hypothesis [400].

I. NEUROGENIC INFLAMMATION

R. CHRONIC PAIN 

PHYSIOLOGY AND SEXUAL

PAIN DISORDERS
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There is experimental evidence from several psycho-

physical studies, suggesting that neuropathic pain

mechanisms might be involved in VVS [406-408].

There is general consensus today that both periphe-

ral and central nervous system mechanisms play a

role in neuropathic pain [409]. Briefly, neuropathic

pain is typically characterized by spontaneous

paraesthesias, dysesthesias and by evoked pain (for

example pain evoked by mechanical stimuli, such as

the pain evoked by tampon insertion or sexual inter-

course in patients with VVS). Under normal condi-

tions pain is experienced when impulses reach the

brain via A-delta-fiber or C-fiber nociceptive affe-

rents. Minor tissue injuries can cause a reduction in

the threshold of nociceptors, resulting in “peripheral

sensitization”. This change in threshold is caused by

the release of chemical inflammatory mediators into

the tissue. Sensitized nociceptors respond to weak,

non-noxious stimuli - a clinical phenomenon called

“allodynia”. Further, noxious stimuli result in an

exaggerated pain response - “primary hyperalge-

sia”, thus the pain sensation no longer matches the

painful stimulus. The clinical phenomena of allody-

nia and hyperalgesia can also be due to abnormal

signal amplification in the CNS, a process called

“central sensitization”. In the presence of “central

sensitization” signals entering the CNS via non-

nociceptive A-beta touch afferents may evoke pain.

The cause of increased descending excitatory signals

and/or decreased inhibitory signals to allow this cen-

tral sensitization of dorsal horn cells is unclear.

Never the less, the typical initiation and exacerba-

tions of VVS after times of severe stress fits this

model of central sensitization. Various medical regi-

mens (tricyclic anti-depressants, venlafaxine, anti-

convulsants - usually carbamazepine or gabapentin)

have aimed therapy at nerve hyperesthesia. Some

offer some pain relief, although total pain resolution

with these drugs appears infrequent [410].

Prevalence estimates for dyspareunia range from

3% to 43% and varies with culture (the lower esti-

mates are from Northern European countries whe-

reas the higher ones are from the U.S), but also with

the setting (3 to 18% in the general population, 3 to

46% in the general practice, 0 to 30% in sexuality

clinic settings and 10 to 20% in gynecological cli-

nics) and the gynecologist's initiative to bring up the

matter. Several authors found a major difference in

the incidence of sexual complaints between self-

reported data by the patients and data obtained

during a discussion about sexuality initiated by the

gynecologist [411-413]. Therefore, in order to detect

sexual problems and sexual dysfunctions, explicit

questions will have to be asked.

Prevalence rates for vaginismus are scant, without

the benefit of multiple studies on specific popula-

tions. Prevalence estimates for vaginismus range

from 1 to 6% (see Table Fugl-Meyer).

The following table summarizes various conditions

that may be associated with varying degrees of chro-

nic dyspareunia (Table 27).

Gynecological complaints, diagnostic procedures

and/or treatment may have consequences on the

sexual functioning of the patient and on her expe-

rience of sexuality (and that of her partner). It there-

fore seems advisable for physicians addressing gyne-

cological concerns to ask each (new) patient about

the existence of sexual problems and possible nega-

tive sexual experiences prior to procedures and treat-

ments. It is very important that the physician makes

it clear to the patient in the way he/she formulates

his/her questions that he/she is not making any a

priori assumptions about the existence of a sexual

relationship, not expressing a heterosexual preferen-

ce, or making judgments about various aspects of

sexuality, sexual behaviour or sexual experience.

Sexual problems are imbedded in a somatic, psycho-

logical, relational and social context which must be

assessed in order to make adequate decisions regar-

ding diagnosis, treatment or referral.

III. GENERAL SEXUAL HISTORY

FOR  SEXUAL, PAIN DISORDERS

II. PHYSICAL CONDITIONS 

ASSOCIATED WITH PAIN ON

ATTEMPTED OR COMPLETED

VAGINAL ENTRY

I. PREVALENCE

S. CLINICAL PRESENTATION

OF SEXUAL PAIN DISORDERS

II. NEUROPATHIC PAIN : CENTRAL

AND PERIPHERAL MECHANISMS
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In order to detect or exclude physical illness or

abnormalities that cause pain on (attempted) vaginal

entry (Table 28), the non-physician and physician

will have to work together. Especially in the case of

dyspareunia or vaginismus, it is not always desirable

or practical to perform a medical examination

straight away. The patient and care provider together

must make decisions about timing, who is present,

and the extent of the examination.

The examination technique to search for the cause of

dyspareunia is more detailed and requires much

more finesse than a routine pelvic examination.

When conducted correctly, it can be highly therapeu-

tic. This is especially true when the sexual partner is

also present. Often referred to as an “educational

gynecological sexological examination”, the patient

watches in the mirror as the doctor gathers informa-

tion and tells the patient about her genital anatomy,

clarifying normal (or abnormal) structures. This can

correct misinformation and resultant negative self-

image, and can clarify how any physical changes

relate to sexual problems. If not precluded by her

pain, additional transvaginal sonographic assessment

for deep dyspareunia, increases both the sensitivity

and specificity of the exam, especially any ovarian

abnormality [415]. 

It is extremely important that the patient knows in

advance that she has total control over the situation,

knows exactly what is going to happen and that she

is the one who decides who is going to be there and

who is not, and that she knows that during the exa-

mination, her personal boundaries will be respected

and safe-guarded [416]. Through this examination,

the foundations are laid for a meaningful discussion

afterwards, in which all the findings are explained

and at which time, further sexual complaints may

come to light.

Although based on level 5 evidence, this is recom-

mended to lessen the common occurrence of women

having to seek multiple health care providers before

an accurate diagnosis is made.

1. THE CONTEXT

When a component of vaginismus is indicated by the

history, the patient is told ahead of time that the use

of speculum or other means of internally examining

the pelvis will not be part of this examination. It is

recommended to ask the woman if there is anything

she can think of that will facilitate the exam and to

impart to her a sense of control on what is happening.

The physician is seated comfortably on a low stool

and the examination couch adjusted for the woman

to be sitting so  she may see in a hand mirror, but her

wish not to will be respected. Verbally checking how

the woman is coping with the exam from time to

time is recommended. Non-verbal communication -

the patient's behaviour and that of her partner during

the examination are noted, and the physician, too,

must be aware of his or her non-verbal signals. 

IV. EDUCATIONAL GYNECOLOGI-

CAL SEXOLOGICAL EXAMINATION
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1.  PAIN

Where does it hurt? How would you describe the pain?

Is the pain with penile contact to the opening of your vagina,

once the penis is partially in, with full entry, after some thrus-

ting, after deep thrusting, with your partner’s ejaculation,

after withdrawal, with subsequent micturition? 

Do you find your body is tensing when you or your partner

attempts to insert his penis?  What are your thoughts and fee-

lings at this time?

How long does the pain last? Does touching elsewhere in the

genital area cause pain? Does it hurt when you ride your

bicycle or when you wear tight clothes? Do other forms of

penetration hurt (tampons, fingers)?

2.  PELVIC FLOOR MUSCLE TENSION

Do you recognise the feeling of pelvic floor muscle tension

during sexual contact?

Do you recognise the feeling of pelvic floor muscle tension in

other (non-sexual) situations?

3.  AROUSAL

Do you feel subjectively excited when you attempt intercour-

se? Does your vagina become sufficiently moist? Do you

recognise the feeling of drying-up?

4.  CONSEQUENCES OF THE COMPLAINT

What do you do when you experience pain during sexual

contact? (Continue/stop intercourse/continue to make love

without intercourse?)

Do you currently continue to include intercourse or attempts

at intercourse, or do you use other ways to make love instead?

If so, are you both clear intercourse will not be attempted?

What consequences does the pain have on the rest of your

relationship? 

5.  BIOMEDICAL ANTECEDENTS

When and how did the pain start? What tests have been done?

What treatment have you received



2. ADEQUATE SPREADING

Permission is asked to gently spread the vulva or the

patient is asked to spread the vulva herself with her

fingers. This enables her to observe the conse-

quences of pelvic floor muscle activity. By bearing

down or coughing, she is able to see the introitus

becoming larger. The vulva is carefully inspected,

including the labia minora, majora and the crease

between, the clitoral hood and clitoris, the posterior

fourchette, vestibule, hymen and hymenal edge.  For

women with introital dyspareunia, sites of allodynia

are investigated using a cotton bud (Q-tip) applying

the stimulus of touch along the outer edge of the

hymen which is also the inner edge of the inner sur-

faces of the labia minora. The skin at the opening of

Skene's ducts must also be tested for allodynia as it

is commonly involved in vulvus vestibulitis.

3. INTERNAL EXAM

It may be possible to proceed to the internal exam on

this first visit when the characteristic features of

vaginismus were not present in the history and are

not present during this exam. With the woman bea-

ring down, the insertion of physician's finger or if

necessary, something smaller such as Q-tip, with her

permission, confirms vaginal entry without any pain.

(Even with VVS, if the woman is opening the introi-

tus and the finger is carefully placed without pressu-

re on the edge, especially the posterior fourchette,

the procedure is painless).

4. MEASUREMENT OF ALLODYNIA IN VVS

The cotton-swab test is widely used [382, 417]. As

the Q-tip is repeatedly placed on the edge of the ves-

tibule in a clockwise fashion, the woman's verbal and

physical reactions are noted and she may be asked to

grade the pain (e.g. out of 1-4). However, the cotton

swab test is prone to measurement error when used

for experimental purposes or to measure treatment

outcome [407]. Therefore a new simple mechanical

devise, the vulvalgesiometer (Figure 7) has been

developed [418]. 

The vulvalgesiometer is cost- and time-effective and

easy to use. It can be used as a diagnostic tool

capable of differentiating among women with diffe-

rent types of genital pain, and because of its large

range of exertable pressures, it may aid in quanti-

fying the severity of pain (mild, moderate, severe)

experienced by these women. This device also has

applications in quantifying changes in vestibular

sensitivity as a result of treatment.

5. THE PELVIC FLOOR

Involuntary contraction on the gynecology couch

does not infer that this is also necessarily present at

home. Conversely, some women can undergo a

gynecological examination without any problem, but

have vaginistic reactions in other circumstances,

depending on what they find threatening. In many

cases, the pelvic floor muscles are chronically

contracted and feel like “steel cables”.

Physician assessment of pelvic floor muscle tone is

imprecise but still of some value. The physician

places his or her finger between the woman's labia

just in front of the vaginal opening and applies very

gentle pressure. The woman is asked to bear down

whilst the physician slowly moves the finger inside,

keeping it dorsally curved to feel the pelvic floor

muscle without touching painful areas at the vestibu-

lar margin. At the end of the examination the finger

is slowly withdrawn again as the patient bears down.

The use of a lubricant will facilitate the examination

and also prevent tissue damage.

It is worthwhile to administer a questionnaire before

and after treatment - see Chapter 5. With the aid of

such a measurement instrument, possible comorbidi-

ty can be detected and the effect of the intervention

can be evaluated. Questionnaires in the English lan-

V. QUESTIONNAIRE ASSESSMENT

OF PATIENTS WITH DYSPAREUNIA
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Figure 7: The vulvalgesiometer



guage have the advantage that they are well-known

in the international literature, which facilitates com-

parisons of international publications, and that they

have been used often in research, which facilitates

comparisons between results and populations.

However, for local use these questionnaires have to

be translated and validated again. This is recommen-

ded because of cultural differences. 

A simple and effective instrument to obtain measure-

ment data is the Visual Analogue Scale. From time

to time during the treatment, the woman marks a

score on a sliding scale to represent the amount of

progress that has been made.

The following psychological factors in the causation

and/or maintenance of sexual pain disorders will be

discussed :

a. individual psychological characteristics of the

women, resulting in increased vulnerability for

sexual pain : personality traits, personality disor-

ders, psychiatric comorbidity 

b. characteristics of the woman's sexual relationship 

c. psychological processes 

d. psychological variables enabling prediction of

treatment outcome.

As to the establishment of causative vs. correlational

relationships between psychological factors and the

origin and maintenance of sexual pain, empirical evi-

dence of the highest level available is needed. Confi-

dence in the hypothesized relationships is highest,

and causal inferences can more safely be made,

when based on the results of (replications of) pros-

pective, randomized, and controlled trials, in which

the factors under scrutiny are kept under strict expe-

rimental control. No causal inferences can be made

from correlational, cross-sectional, and retrospective

studies, or from treatment studies, although these

types of evidence provide circumstantial support and

may suggest directions for future controlled resear-

ch. 

Evidence for psychological factors involved in the

causation or maintenance of the sexual pain disor-

ders is grouped into the following categories :

I. Psychometric data, showing differential presence

of psychopathology in patients and non-patient

comparison groups (Table 28) [5, 101, 419-421] ;

II. Psychometric data, showing differences on mea-

sures of personality traits between patients and

non-patient comparison groups (Table 29) [78,

95, 340, 407, 420-432] ;

III. Experimental data on psychological processes

(Table 30) [78, 407, 424, 433-437] ;

IV. Psychometric data successfully predicting treat-

ment outcome (Table 31) [438-442].

A summary of findings from this database follows :

(** : If more than one study with results pointing in

the same direction are retrieved ; * : if only single

study results were retrieved ; see Table 32 for sum-

mary of these findings.) Note, psychopathology and

impaired psychological functioning may be caused

as well as effect of the various forms of sexual pain.

Vulvar vestibulitis is thought to underlie the vast

majority of superficial (introital) dyspareunia.

1. INDIVIDUAL PSYCHOLOGICAL AND

PERSONALITY CHARACTERISTICS

Higher rates of psychopathology in women with

VVS were found with regard to depression** and

anxiety disorders* (see Tables 28 & 32).

On self-report measures (see Tables 29 & 32), scores

on neuroticism of women with VVS are found to be

in the normal range**. As to self-reported symptoms

of depression, state anxiety, phobic anxiety, social

anxiety, and obsessive-compulsive behavior, results

are conflicting, finding both higher** and equal**

scores, compared with normative groups. 

Trait anxiety scores are consistently found to be ele-

vated**.

The personality trait of shyness was found higher*.

Results with regard to hostility scores and paranoid

ideation in women with VVS are left unresolved,

with studies both finding higher* and equal**

scores. The personality trait of psychoticism has

II. VULVAR VESTIBULITIS

I. OVERVIEW AND DATABASE

T. PSYCHOLOGICAL ASPECTS

OF SEXUAL PAIN DISORDERS
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Dysfunction type: DYS = dyspareunia; VVS = vulvar vestibulitis syndrome; VAG = vaginismus. 
BSI = Brief Symptom Inventory; L-W MAS = Locke-Wallace Marital Adjustment Scale; MPQ = McGill-Melzack Pain Questionnaire; SAI = Sexual Arousability Inventory; SOS =
Sexual Opinion Survey.



been found to be both higher* and equal** as has the

personality trait of somatization. As to the extraver-

sion trait, women with VVS did not have higher

scores than normative groups**. Women with VVS,

however, did appear to be more perfectionistic*, and

harm avoiding*, particularly fearing of negative

evaluation by others*.

2. SEXUAL RELATIONSHIPS OF WOMEN WITH

VVS

With regard to personality traits assumed to be

directly related to the domain of sexuality, they are

found to score higher on erotophobia*, and to have

more self-reported difficulties with sexual arousal

and vaginal lubrication during partner interac-

tion** as compared to functioning during masturba-

tion*. They were also found to lack sexual pleasure

more often*, and to have more negative feelings

about sexual interaction*. Their marital satisfaction

was equal to normative groups** as was the strength

of positive sexual self-schema*.

3. PSYCHOLOGICAL PROCESSES

As to psychological processes causing or maintai-

ning dyspareunia (see Tables 29 and 31), the level of

pain ratings in VVS patients is predicted by their

level of marital adjustment*, where lower marital

adjustment is associated with higher pain ratings.

Heat pain thresholds, and unpleasantness thre-

sholds, in women with VVS are lower in comparison

with asymptomatic women*, while perceived pain

during suprathresholds heat stimulation is higher in

women with VVS*. The thresholds for tactile (pres-

sure) sensitivity at several vestibular sites, labia

minora, and deltoid muscles are lower in women

with VVS*, compared with asymptomatic women.

This lowered sensitivity is stable over time. Pressure

pain thresholds at vestibular sites, labia minora, del-

toid and volar forearm are lower in women with

VVS*. Women with VVS report higher distress for

sustained suprathreshold pressure, and tolerate less

pressure than controls*. Attentional bias for pain-

related stimuli is demonstrated in women with

VVS*, as compared with normal controls, leading to

hypervigilence for pain-related stimuli*. The level

of hypervigilence is largely accounted for by state

and trait anxiety levels.

4. PSYCHOLOGICAL VARIABLES AND OUTCOME

The psychological treatment of vulvar vestibulitis

has been evaluated in three controlled trials [429,

444, 445]. Significant improvement in experienced

pain, and in intercourse frequency and other mea-

sures of sexual functioning were reported, which

results were found to be maintained over time.

Prediction of treatment by means of psychological or

psychosocial variables (see Table 30) has been inves-

tigated in VVS in three studies. Psychosocial

variables predictive for better outcome were: higher

socioeconomic status*, lower education*, and child-

lessness*. Psychological factors at pain onset and

psychological test scores (marital adjustment, neuro-

ticism, psychopathology) were not predictive*.

Willingness to be psychologically evaluated was

highly predictive for positive outcome of limited

vestibulectomy*, as was cooperation of patient in

postoperative counseling*. High scores on instru-

ments measuring fear of negative evaluation by

others, phobia re vaginal entry and the Personality

Assessment Screener have been associated with poor

outcome. No replications of prediction models have

been reported.

5. CONCLUSIONS RE WOMEN WITH

DYSPAREUNIA FROM VESTIBULITIS

In sum, in women with vulvar vestibulitis, elevated

comorbid psychopathology was found (depression

and anxiety disorders). The self-report findings on

psychological characteristics, however, were not

unequivocally found to support psychopathology

findings. Both more problematic psychological

functioning and unaffected functioning have been

reported, possibly reflecting differences in study

samples and instrumentation or true heterogeneity

of women with VVS.

Increased trait anxiety in women with VVS, howe-

ver, has been found in two studies, and may repre-

sent a stable characteristic. Single study findings of

women with VVS included elevated rates of shyness,

perfectionism, the temperament trait of harm avoi-

dance, increased tendency to have catastrophizing

thoughts and negative feelings towards sexual inter-

action, erotophobia, and problems with subjective

sexual arousal and lubrication during sexual interac-

tion with partner, but not during masturbation. Psy-

chopathology and impaired psychological functio-

ning may be cause as well as effect of vulvar vesti-

bulitis. Women with VVS have been found to be

more sensitive to thermal and tactile stimulation,

reflected in lowered thresholds for sensitivity and the

experience of pain on stimulation. An etiological

element may be the attentional bias of hypervigi-

lence for pain-relation stimuli. These latter experi-

mental findings have not yet been replicated.
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1. INDIVIDUAL PSYCHOLOGICAL AND PERSONA-

LITY CHARACTERISTICS

Higher rates of psychopathology in women with dys-

pareunia not stated to be due to VVS were found

with regard to depression** and anxiety disorders*,

more specifically : generalized anxiety disorder*,

simple phobia*, obsessive-compulsive disorder*,

and social phobia*. Equal rates of psychopathology

in women with dyspareunia, compared with healthy

controls, were found with regard to posttraumatic

stress disorder*, and eating disorder* (see Tables 28

and 32).

In women with dyspareunia equal frequency of

childhood sexual trauma has been found*, when

compared with the general female population.

On self-report measures (see Tables 29 and 32),

women with dyspareunia are found to have higher

scores on neuroticism*, depression** and state

anxiety**. Phobic anxiety in women with dyspareu-

nia is found higher**, as are obsessive-compulsive

behaviors**, and social phobia (interpersonal sen-

sitivity)**. Women with dyspareunia also report

more symptoms of hostility**, more (psycho)soma-

tic complaints (somatization)*, higher paranoid

ideation*, and more psychotic symptoms*. 

2. SEXUAL RELATIONSHIPS OF WOMEN WITH

DYSPAREUNIA

With regard to personality traits assumed to be

directly related to the domain of sexuality, they are

found to score higher on erotophobia*, and to have

more negative feelings about sexual interaction*.

With regard to sexual functioning, they appear to

have more problems with sexual arousal**.

They are shown to be suffering from increased rela-

tionship discord**.

3. PSYCHOLOGICAL PROCESSES

As to psychological processes causing or maintai-

ning dyspareunia (see Tables 30 and 32), the level of

pain ratings in dyspareunia patients is predicted by

their level of depression*, where higher depression

scores are associated with higher pain ratings. Com-

pared with nonsymptomatic women, genital respon-

se in women with dyspareunia was found to be

impaired when confronted with audiovisual repre-

sentation of coitus*, as opposed to viewing audiovi-

sual stimuli representing other forms of sexual inter-

action (oral heterosexual stimulation), while subjec-

tive sexual arousal did not differ between women

with dyspareunia and controls*.

Psychological treatment of dyspareunia (non VVS)

has thus far not been evaluated in controlled compa-

risons nor has prediction of treatment outcome by

means of psychological or psychosocial variables.

4. CONCLUSIONS RE WOMEN WITH DYSPAREU-

NIA NOT FURTHER CLARIFIED

Summarizing, women with dyspareunia are found

to have elevated rates of clinically relevant comor-

bid depression and anxiety disorders. Sexual trau-

matization appears not to play a significant role in

etiology. Self-report measurement of psychological

characteristics corroborates the presence of depres-

sive and anxious symptoms, both on the experien-

tial and the behavioral level. Experiential and

behavioral signs of hostility and psychotic symp-

toms also appear to be more frequently present. As

to sexual functioning, women with dyspareunia are

found to be more erotophobic, reflecting negative

and conservative attitudes towards sex, and aver-

sion to engage in sex. They have more problems

with experiencing sexual arousal. Relationship dis-

cord is found to be increased in women with dyspa-

reunia. Impairment of genital responding was found

to be produced by specific sexual stimulation (audio-

visual representation of penile-vaginal intercourse)

during laboratory investigation. This effect has thus

far not been replicated.

1. INDIVIDUAL PSYCHOLOGICAL AND PERSONA-

LITY CHARACTERISTICS

Higher rates of psychopathology in women with

vaginismus were found with regard to agoraphobia

without panic disorder*, and obsessive-compulsive

disorder* (see Tables 28 and 32).

In women with vaginismus, when compared with the

general female population, equal frequency* of

childhood sexual trauma was found in one study,

whereas another study found elevated frequency*.

IV. VAGINISMUS

III. DYSPAREUNIA NOT IDENTIFIED

AS VVS
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On self-report measures (see Tables 29 and 32),

conflicting findings were reported. Women with

vaginismus are found to have equal and higher

scores on neuroticism**, depression**, state anxie-

ty**, phobic anxiety**, social phobia**, obsessive-

compulsive behaviour**, paranoid ideation**, psy-

choticism**, somatization**, and hostility**.

With respect to dispositional traits, women with

vaginismus were equal to the normal population on

extraversion**, and negative sexual self-schema*.

They showed elevated traits of low self-esteem*, less

positive sexual self-schema*, and hysterical perso-

nality*.

2. SEXUAL RELATIONSHIPS OF WOMEN WITH

VAGINISMUS

Rates of marital discord were equal to the general

population*.

With regard to their sexual functioning, women with

vaginismus reported less self-stimulation*, more

problems with sexual desire* and arousal*.

3. PSYCHOLOGICAL PROCESSES

As to psychological processes causing or maintai-

ning vaginismus (see Tables 30 and 32), women with

and without vaginismus are found not to differ in

baseline pelvic floor muscle tension*, or in the abi-

lity to control pelvic floor muscles while performing

exercises (short flick contractions and 10-sec hol-

ding contractions)*. Women with vaginismus and

asymptomatic women do not differ in their EMG-

measured pelvic floor muscle response to threate-

ning and sexual-threatening stimuli*. Erotic stimu-

lation does not increase pelvic floor muscle activity

in women with vaginismus. Experienced threat of

the stimuli correlates significantly with EMG-mea-

sured muscle activity*.

Thus far, no randomized controlled trials of psycho-

logical treatment for vaginismus have been publi-

shed.

4. PREDICTION OF TREATMENT

Prediction of treatment by means of psychological,

psychosexual and psychosocial variables has been

investigated in vaginismus in three non-controlled

studies (see Table 30).

Psychological variables predictive for better outco-

me were : attribution of problem to psychological

causes*, positive attitude towards own genitalia*,

strong wish to become pregnant*, better sexual

knowledge*, good compliance with homework assi-

gnment by third treatment session*, and lower pre-

treatment ratings of the female partner of marital ten-

sion*. 

Negatively associated with treatment length were:

pretreatment sexual desire problems*, fear of sexual-

ly transmitted diseases*, negative parental attitudes

towards sex*, having undergone previous operations

for vaginismus*, and history of organic abnormality

(septum, vaginitis)*. 

No predictive value was found of: history of sexual

abuse*, presence of additional sexual dysfunction in

either partner*. No replications of prediction models

have been reported.

5. CONCLUSIONS RE WOMEN WITH

VAGINISMUS

Summarizing, women with vaginismus were found

to have significantly increased comorbid anxiety

disorder, while depression rates were not found to

be increased. The role of childhood sexual trauma is

unclear, since different frequency rates were found,

and the presence of increased rates of posttraumatic

stress disorder has not been investigated as yet. Psy-

chological characteristics, measured with self-report

instruments do not unequivocally corroborate the

presence of anxiety disorders. Personality traits

found to be more often present in this group sug-

gest the presence of self-focused attention and

negative self-evaluation in the etiology or mainte-

nance of vaginismus. Sexual functioning may be

impaired with regard to sexual desire and arousal

response during sexual activity. Experimental evi-

dence thus far documented the role of experienced

threat in increased pelvic floor muscle tension, but

did not discriminate between women with and

without vaginismus. The causation and maintenan-

ce of vaginismus by psychological factors thus

remain unresolved although fear of penetration

and associated attentional bias may play a role.

Problems with the pelvic floor musculature have

been closely linked with the diagnosis and treatment

of the “sexual pain disorders”. For example, both the

AFUD and DSM nosologies have used the concept

U. PELVIC FLOOR AND

SEXUAL PAIN DISORDERS
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of vaginal muscle spasm to classify vaginismus [56,

142]. The traditional treatment for vaginismus,

«vaginal dilatation», was presumed by many to fol-

low from this definition. Poor pelvic muscle streng-

th, and increased tonicity have been suggested as

important correlates of dyspareunia resulting from

VVS. This idea has resulted in the development of

pelvic floor biofeedback and physical therapy as

treatment modalities [446, 447].

Clinicians and researchers working with “sexual

pain” patients are often faced with a bewildering

array of terms to describe and define muscle states

that are presumed to be linked to clinical pain pro-

blems. Among the terms used are the following :

tonicity, contracture, spasm, compliance, stiffness,

tetany, dsytonia, trigger point etc. Although there are

formal definitions for many of these terms [448],

these definitions are rarely used consistently in the

clinical or research literatures. With respect to the

sexual pain disorders of vaginismus and dyspareu-

nia, this has resulted in much confusion. The basic

issue to be addressed here is the following: can

sexual pain be considered a disorder of the pelvic

floor ?

1. THE ENTITY OF “VAGINISMUS”

It is remarkable that there has been almost no contro-

versy until very recently, concerning the spasm

based definition of vaginismus. This definition can

be traced back to the writings of Trotula of Salerno

who described the condition as a result “…of tighte-

ning of the vulva so that even a woman who has been

seduced may appear a virgin” [449]. This idea of vul-

val tightening was transformed into vaginal spasm

by the 19th century so that Sims (1861) described the

condition as “spasmodic contraction of the sphincter

vaginae...”. Despite the absence of research confir-

ming this spasm criterion, the 1998 consensus dia-

gnostic formulation is as follows : “recurrent or per-

sistent spasm of the musculature of the outer third of

the vagina which interferes with vaginal penetration

and causes personal distress” [142]. This consensus

definition did not essentially change the current ICD

10 or DSM diagnostic statements except for chan-

ging the “interference criterion” from interference

with intercourse or penile entry specifically to inter-

ference “with vaginal penetration in general”. Fur-

ther revision of the definition omitting reference to

spasm and noting the variable avoidance typical of

this syndrome, has just been published [64] see p77.

Issues relating to the role of the pelvic floor in vagi-

nismus can perhaps be usefully divided into four

separate questions : 1) can vaginismus be diagnosed

reliably ? 2) can vaginal spasm be assessed reliably ?

3) are there differences in baseline tonicity or volun-

tary control over the pelvic musculature that distin-

guish women suffering from vaginismus from

controls ? 4) are therapies based on self-placement of

progressively larger vaginal inserts effective ?

2. DIAGNOSIS OF “VAGINISMUS”

Perhaps because there has been so little controversy

concerning the diagnosis, there have been very few

studies examining the reliability and/or validity of

diagnosis. In two consecutive clinical case studies

(level 4b), the authors have pointed out that it is often

hard to distinguish vaginismus from dyspareunia

resulting from VVS [342, 451]. A Dutch group has

shown in one retrospective and one prospective

study based on structured gynecological examina-

tions, interviews and psychometric testing, level 2b,

that it is very difficult to distinguish vaginismus

from dyspareunia [340, 341].

Finally, in a formal diagnostic reliability study, level

2b, it was shown that although gynecologists and

pelvic floor physical therapists can distinguish

women suffering from sexual pain disorders from

matched controls, they could not reliably distingui-

sh women diagnosed with vaginismus from those

diagnosed with VVS based on vaginal spasm, pelvic

hypertonicity or pain. Furthermore inter-gynecolo-

gist reliability for the diagnosis of vaginismus was

quite poor [452]. Overall, part of this difficulty in

differentiating vaginismus from dyspareunia has

been the idea held by some diagnosticians, who have

understood the concept of “interference with inter-

course” to mean “the total preclusion of intercourse”.

Therefore, a “not stoic” woman with dyspareunia

from what ever cause who does not want to tolerate

the pain of penetration would be diagnosed with

“vaginismus”. For this reason, the diagnosis of vagi-

nismus should only be made if structural or other

physical abnormalities have been ruled out or

addressed [64]. Additionally, a woman without evi-

dence of VVS or other variety of dyspareunia, dis-

plays signs of fear of vaginal entry with tightening of

pelvic and abdominal muscles (and often thigh, jaw,

hand muscles, etc), may nevertheless experience full

penetration by a persistent partner who does not

desist despite lack of erotic quality of the interaction.

She has “vaginismus” but can just about tolerate full

entry +/- some thrusting.

3. VAGINAL “SPASM” IN VAGINISMUS

Because all previous definitions of vaginismus were

based on the concept of vaginal spasm and because
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the differential diagnosis of vaginismus from dyspa-

reunia is questionable, there is reason to suspect that

the diagnosis of vaginal muscle spasm may also not

be reliable. In fact, the general validity of the concept

of muscle spasm has been called into question [453].

As far as we are aware, only one study has directly

investigated whether muscle spasm specifically cha-

racterizes vaginismus [452]. The results of this study

strongly suggest that vaginal muscle spasm does not

characterize vaginismus and that different profes-

sionals diagnose spasm very differently. Interestin-

gly, less than a quarter of the women in the vaginis-

mus group attributed their difficulties with intercour-

se to vaginal spasm. 

4. MUSCLE TONE OR STRENGTH IN

VAGINISMUS

Four studies have investigated this issue using a

variety of measurement techniques including vaginal

and non-vaginal EMG, pelvic floor physical thera-

pist and gynecologist ratings (level 2b) [435, 436,

452, 453]. EMG pelvic floor measurements were

taken in response to a) film stimuli displaying erotic,

neutral, sexually and non-sexually threatening situa-

tions, b) gynecological examinations, and c) instruc-

tions to consciously contract and relax vaginal/pelvic

muscles. In only one of the studies [452] did EMG

measures differentiate vaginismic women from mat-

ched controls. Such studies are intrinsic problematic.

Women with typical/severe “vaginismus” have never

been able to tolerate the insertion of a finger, a tam-

pon, a penis, speculum and before any therapy would

not be likely to comply with these protocols. Indeed,

in the above study, over half the women suffering

from vaginismus refused to insert the EMG sensor

for one of the two testing sessions. There was, howe-

ver, consistent data from this study indicating that a

structured protocol of manual measurement of the

pelvic floor musculature carried out by physical

therapists is reliable and can differentiate women

with vaginismus from matched normal controls.

5. THERAPEUTIC RESULTS

Since Masters and Johnson, most therapies for vagi-

nismus have used vaginal “dilatation” as a major

treatment intervention: Initially the woman becomes

accustomed to self touch to the introitus and inser-

tion of her own finger though the introitus and part

way into her vagina. She then places the first of a

series of inserts of gradually increasing diameter into

her vagina. In reality of course there is no “dila-

tion” but a gradual reduction of reflex protective

involuntary tightening. Although this intervention

is generally acknowledged to be highly effective

and necessary for treating vaginismus [454], there

has never been a randomized controlled treatment

study examining it or any other therapy protocol.

Although there are numerous poorly or semi-control-

led therapy outcome studies for vaginismus, the ove-

rall quality of the evidence is quite poor (level 3b).

These studies will not be reviewed here because

there have been several recent comprehensive and

critical reviews of this literature [141, 338, 455,

456]. Despite the differing evaluation methodologies

used in these reviews, and despite strong clinical

support for these approaches, the reviews conclude

the insert treatment and psycho-education, desensi-

tization etc. have not been scientifically proven as

effective treatments. There is also concern over the

appropriate criterion for success in these therapies.

While the traditional criterion is vaginal penetration,

several recent authors criticized this criterion and

suggested that the experience of penetration alone

without pleasure is not adequate [457, 458]. It has

also been suggested that vaginismic symptoms

sometimes serve the function of maintaining a dya-

dic emotional equilibrium. If this is indeed the case,

then outcome criteria must take into account the

removal of this coping mechanism and subsequent

emotional and physical adjustments [459]. Clinical

experience but not as yet scientific study, confirms

frequent comorbidity in the partner - the history of

sexual hesitancy generally (relatively infrequent

self-stimulation and a certain degree of emotional

comfort with the sexual infrequency with the part-

ner), or specifically avoidance of sexual intimacy

with his partner.

1. THE QUESTION OF MUSCLE TONE

Almost all the research regarding the contribution of

pelvic floor muscle physiology to dyspareunia is lin-

ked to the work of Howard Glazer who has focused

primarily on the use of vaginal electromyographic

biofeedback (“Glazer protocol”) as a treatment

modality for VVS/vulvodynia. The discussion will

focus on two questions : 1) are there demonstrable

pelvic floor muscular differences in women with

dyspareunia ? 2) are pelvic floor focused therapies

for dyspareunia effective ?

II. DYSPAREUNIA
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2. PELVIC FLOOR IN WOMEN WITH

DYSPAREUNIA

In a series of uncontrolled consecutive patient outco-

me studies using vaginal electromyographic feed-

back, level 4b, the investigator has reported impres-

sive pain reduction/return to intercourse results for

women suffering from VVS and vulvodynia [446,

460-462]. 

As a result, the author has suggested that changes in

resting pelvic muscle tone and contractility may cha-

racterize these disorders. Another study, level 2, also

examined this issue using a Glazer based vaginal

EMG protocol and structured physical therapist pal-

pation [452]. 

Their EMG data confirm differences in muscle

strength but not muscle tone between VVS sufferers

and matched controls. However, for physical thera-

pist-based palpation data, the authors found increa-

sed pelvic floor tonicity and lowered muscle streng-

th in women with VVS compared with normal mat-

ched controls. 

Combined with the findings summarized above from

vaginismic women, there does appear some indica-

tion that pelvic floor muscle tone and strength mea-

sures for women suffering from VVS are interme-

diate between those of women with vaginismus and

no pain controls.

3. THERAPEUTIC RESULTS

Bergeron et al., level 2b, have carried out a prospec-

tive, randomized controlled treatment outcome study

which compared the Glazer treatment protocol to

cognitive-behavioral group pain management and

vestibulectomy [463]. 

Glazer type biofeedback resulted in significant clini-

cal improvement as compared with baseline and

approximately a 40% reduction in pain. The same

authors have also carried out an uncontrolled retros-

pective, level 4b, consecutive case investigation of

whether pelvic floor physical therapy including but

not limited to biofeedback was useful in the treat-

ment of VVS [438]. 

The pelvic floor physical therapy typically lasted 6-

8 sessions and included a variety of manual tech-

niques, biofeedback, electrical stimulation and

homework exercises designed to stretch, strengthen,

relax and heighten awareness of the pelvic floor

muscles. Approximately 50% of the patients reported

complete to great improvement and another 20%

reported moderate gains.

Although psychiatric and psychological texts often

attribute sexual pain to the pelvic muscle dysfunc-

tion, standard medical texts focusing on the pelvic

floor rarely, if ever, mention vaginismus or dyspa-

reunia [464]. Such texts deal with a wide variety of

disorders some of which can be described as uroge-

nital pain syndromes e.g. “levator ani syndrome” or

“proctalgia fugax”. These syndromes, however,

generally refer to perineal or rectal pain rather than

vulvovaginal pain. There does appears to be a “mino-

rity multidisciplinary movement” among some spe-

cialists to consider the pelvic floor as an “integrated

functional structure” and to subsume a variety of

related “voiding, sexual, genital and defecatory

behaviors and problems” under the umbrella of pel-

vic floor dysfunction. While this idea is an intuitive-

ly appealing one, there is currently no empirical sup-

port for it.

It is remarkable that there is no empirical evidence

to support the 500 year old definition of vaginismus

as related to spasm of the muscles of the pelvic

floor. The existing evidence directly contradicts it.

While there is some indication of differences in res-

ting muscle tone or strength between vaginismus,

dyspareunia and no pain controls, these are not well

established and could equally well be the result of or

the expectation of pain rather than the cause. In fact,

there is accumulating basic research to support the

idea that the pelvic floor musculature, like other

muscle groups is indirectly innervated by the limbic

system and therefore highly reactive to emotional

stimuli and states [466-468].

There is encouraging preliminary information to

suggest that vaginal EMG biofeedback, pelvic floor

physical therapy and cognitive behavioral therapy

may be useful interventions for VVS [444]. If this is

true, it also seems likely that this would be true for

vaginismus. Such “limited therapy outcome eviden-

ce” however, cannot be used to characterize the natu-

re of the problem. Overall, “sexual pain” cannot be

currently characterized simply as a pelvic floor

disorder. The problems of vaginismus and dyspa-

reunia, in fact, may not constitute discrete catego-

ries at all but may result from the interaction of a

variety of factors including genital pain, emotional

and behavioral reactions to vaginal penetration/

touch, sexual interest and arousability, the presen-

ce/absence of infection, structural anomalies,

disease and pelvic floor dysfunction.
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Sexual pain disorders of genital skin and mucous

membranes are common. Most of these painful

disorders are transient and are caused by inflamma-

tion from acute genital infection. Acute infections

that most commonly cause vulvo-vaginal inflamma-

tion include acute episodes of candidiasis, trichomo-

niasis, genital herpes, furuncles and infection of the

greater vestibular glands. The cause of acute inflam-

mation usually is readily discernable by the clinician

and treatment usually resolves both the inflammation

and the pain. 

Chronic genital pain is more problematic because the

causes are often are difficult to discern. A recent

review provides a systematic approach to vulvar

disease and offers a comprehensive list of diseases to

consider [469]. Treatment often does not totally

remove pain. In many cases, treatment is not stan-

dard and does little to even substantially reduce pain.

Unfortunately, iatrogenic inflammation of the vul-

var skin is common from self-treatment or contact

with irritants. Nearly all women with chronic vulvar

symptoms first use over-the-counter anti-fungal

medication. However, candida was found by physi-

cians in only one third of such patients. This self

treatment may be associated with increased duration

of symptoms, which suggests a detrimental effect

from the medication [470]. Some chronic genital

pain is constant even without intercourse, but inter-

course usually causes an exacerbation of the pain,

often to the point where intercourse is avoided or

stopped totally.

1. VULVODYNIAS

When signs of VVS or other diagnosis are absent,

and biopsies and culture is negative, the term dyses-

thetic vulvodynia is used. Here all the vulval struc-

tures are of normal appearance and the woman des-

cribes vulvar burning and pain (vulvodynia) severe

enough to cause sexual and psychological distress

[410]. The syndrome is difficult to treat. Topical

treatment of any kind usually increases the amount

of pain. Oral therapy using tri-cyclic antidepressants

or anticonvulsants offer a reduction, but not a total

resolution [410].

2. CHRONIC VULVAR DERMATOSES

A wide variety of chronic vulvar skin conditions can

cause sexual pain both intermittently and conti-

nuously. While not common in the general popula-

tion, lichen simplex chronicus, lichen sclerosis and

lichen planus can cause chronic vulvar inflamma-

tion and, hence, vulvar pain [469, 473, 474]. The dia-

gnosis of these conditions can be more easily discer-

ned by experienced clinicians. Lichen simplex chro-

nicus results when chronic scratching produces

inflammation of the skin and results in an itch-scrat-

ch cycle. The cycle can be interrupted by topical ste-

roid and oral antihistamine therapy [475]. Lichen

sclerosis is an indolent chronic condition of unk-

nown etiology where thinning of the epidermis

occurs, resulting in a parchment-paper appearance of

the skin. Underlying subepithelial inflammation can

result in mild to intense itching that is possible to

reduce better with topical steroid therapy than with

topical testosterone [476]. Lichen planus results in

superficial ulcers of the epithelium often resulting in

intense pain. Patients can have concomitant vaginal

mucosal inflammation that results in a profuse irrita-

ting vaginal discharge. Often, patients with lichen

planus have evidence of inflammation in other

mucous membrane areas such as ulcers of the gums,

esophagus or bowel in a Behcet-like syndrome. Pro-

longed topical steroid, topical tacrolimus (an inhibi-

tor of interleukin-1) or other anti-inflammatory the-

rapy is needed of the ulcerated and inflamed areas

[477].

Raised vulvar lesions usually do not cause pain but

must be accurately diagnosed and treated.

3. VULVAR VESTIBULITIS SYNDROME

VVS represents one of the most common causes of

genital pain and pain with intercourse. Pain usually

is noticed with attempted or completed vaginal pene-

tration, although in more severe cases pain will be

present with other activity like sitting or running.

Besides pain, vulvar burning and itching are com-

mon. Together, these symptoms cause physical,

sexual and psychological distress [478]. Community

studies suggest vulvar pain is common, but the pre-
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valence has varied widely from 3-18% [479, 480].

VVS has been described in up to 15% of gynecolo-

gic outpatients [481]. VVS was thought to primarily

affect Caucasian women [482, 483]. A recent survey

of ethnically diverse women gave similar lifetime

prevalences of chronic vulvar burning or pain on

contact [484].

Although VVS is easy to diagnose for the experien-

ced clinician, the mean time between the onset of

symptoms and diagnosis usually reaches two years

or longer. A triad of conditions are necessary to dia-

gnose VVS : 1) pain with penetration or attempted

penetration ; 2) tenderness of the vestibular area

upon even light touch with a cotton applicator ; and

3) variable erythema of the vestibular area [417]. The

areas of allodynia (sensation of pain from light touch

stimulus, are typically between 4 and 8 o'clock on

the introitus, just exterior to the hymeneal ring but

may involve the skin around the openings of the Ske-

ne's ducts. However, the whole introital rim may be

involved. The area of tenderness, allodynia and ery-

thema can be difficult to locate because they are

usually hidden in folds of the vulva - presumably

explaining the typical long time between the onset

and diagnosis.

1. INFLAMMATION IN VULVAR VESTIBULITIS

SYNDROME

The etiology of VVS is unknown but VVS may

represent a chronic local inflammatory condition

with a wide variety of etiologic causes. T-cell lym-

phocytes make up most of the inflammatory cells

present in vulvar biopsies obtained from those with

VVS [485, 486]. Plasma cells indicative of ongoing

chronic infection are present, but not in large num-

bers. Mast cells and eosinophils indicative of an

allergic condition are less common. The vulvar tissue

of patients with VVS contains elevated tissue levels

of interleukin I-ß (IL-1) and tumor necrosis factor

alpha (TNF-α), but these pro-inflammatory media-

tors are actually at higher levels in the surrounding

vulvar tissue than in the area of inflammation,

confirming the clinical finding of a wider area of

involvement beyond the area of erythema [487].

2. GENETICS OF VULVAR VESTIBULITIS

SYNDROME

Recent work points to a possible genetic involve-

ment. In fact, as is common for inflammatory condi-

tions, allele 2 of the IL-1ß gene was found in signifi-

cantly more women with VVS (40%) than controls

(25%) [488]. Leukocytes in blood from women with

VVS also produce less interleukin-1 receptor antago-

nist, which suggests a failure in down regulation of

inflammation [489]. Allele. 3 of the gene encoding

the interleukin-1 receptor antagonist was present in

the homozygous form in 53% of women with VVS

compared to an 8.5% of control women [490].

3. POSSIBLE ANTIGEN(S) INVOLVED IN VULVAR

VESTIBULTIS SYNDROME

The presence of a high T-lymphocyte concentration

and increased levels of pro-inflammatory mediators

point to a chronic immunologic induced inflamma-

tory response to some antigen [491].

The antigen that induced VVS for an individual

could still be present in vulvar tissues in a small

concentration or the antigen could have stimulated

the inflammation, but be gone by the time patients

usually present with VVS. The most likely antigen

candidate would be from microbes that commonly

affect the vulva. Human papilloma virus (HPV) was

first considered, but in multiple studies, HPV was as

common in controls as women with VVS [492-494].

Herpes simplex virus (HSV) is also a common vul-

var infection, but, to date, HSV does not appear to

cause VVS [384, 495]. Candida is an antigen present

in the vulva more frequently than HPV or HSV. Up

to 80% of women develop symptomatic candidiasis

during their lifetime. Patients with VVS have a fre-

quent history of candidiasis, often recurrent [496,

497]. A modest prevalence of recovery of candida

occurs from women with VVS [498, 499]. Undoub-

tedly, other microbial antigens from bacteria, viruses

or other microbes or non-microbial antigens are pre-

sent in the environment or in chemicals that come in

contact with vulvar skin could also cause VVS.

Candida is infrequently identified by potassium

hydroxide wet mounts, which require about 105

microbes to be positive. Candida frequently is isola-

ted on culture from women with VVS, although

extensive comparisons with control groups are lac-

king [496, 497]. Some patients with chronic recur-

rent vulvo-vaginitis candidiasis (VVC) are noted to

develop VVS when they are prospectively followed.

Further, some women relate the onset of VVS to an

acute episode of VVC and patients cured of VVS

often develop recurrent genital pain when another

episode of VVC occurs.

III. ETIOLOGY
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4. IMMUNOLOGIC MODEL OF VULVAR VESTIBU-

LITIS SYNDROME

The immunologic response that results in cutaneous

T lymphocyte cell pathology is well described for

other examples of disease with chronic T-lymphocy-

te infiltration [491]. The innate immune system acts

to arrange for cutaneous skin immune surveillance

by the identification of antigens in the skin and the

translation of antigen signal to memory T lympho-

cytes. Certain memory T cells contain a cell surface

adhesion molecule called cutaneous lymphocyte

antigen (CLA). T cells with CLA circulate preferen-

tially in the skin as opposed to circulating to internal

organs. Antigens in the vulvar skin initially are iden-

tified by dendritic cells with macrophage-like cha-

racteristics (see Figure 8). As an example, macro-

molecules from candida antigens are efficiently

internalized by dendritic cells, which, in turn, migra-

te to the regional lymph node.

In the lymph node, dendritic cells meet continuously

circulating naive T cells. When a naïve T cell

encounters and interacts with the candida antigens in

a dendritic cell, it becomes activated. Activation of

the T cell in the lymph node produces a memory T

cell (see Figure 8) and the expression of CLA provi-

de this cell with the keys that, when it migrates out

of the lymph node and into blood, allows it to esca-

pe the blood and circulate only in skin. 

Thus, activated T cells have the molecular keys that

allow their exit from the blood through the vascular

endothelium in skin (3 in Figure 8). The adhesion

molecule property of CLA allows tethering to occur

of activated memory CLA-positive T cells traveling

in post capillary venules to the endothelium of these

venules. The specific venule is identified by the

expression of intracellular adhesion molecules and

vascular-cell adhesion molecules on the inner endo-

thelial surface. These adhesion molecules tether and

slow travel of the T cell in the venule, which allows

it to slide between endothelial cells into the local

skin tissue [491]. The adhesion molecules are

expressed in the endothelial cells by the action of

nuclear factor-kß (NF-kß) which is formed in the

local skin. The identification of antigens such as can-

dida by dendritic cells and especially by activated T

cells produces IL-1 and TNF-a, which, in turn, acti-

vate the NF-kß pathway. The persistence of candida

or any antigen in the skin further activates memory

CLA T cells and produces a further acceleration in

the production of IL-1 and TNF-α (4 in Figure 8).

The IL-1 and TNF-α signal produces even more NF-

kß results in a circle effect of even more local inflam-

mation, more activation of T cells, more adhesion

molecule expression (5 in Figure 8) and an increased

collection of activated T cells [491].

5. CLINICAL RELEVANCE OF IMMUNOLOGICAL

AND NEUROGENIC INFLAMMATORY THEO-

RIES

In this model, it is proposed that repetitive antigen

stimulation or the prolonged presence of antigen

markedly up-regulates the local inflammation (6 in

Figure 9. The presence of a high concentration or a

persistence of chronic pro-inflammatory molecules

such as IL-1 and TNF-α, but also serotonin, bradyki-

nin and histamine could sensitize local C nerve fibers

[500] Inflammation also increases the synthesis of

sensory neuropeptides (such as calcitonin gene-rela-

ted peptide [CGRP] and substance P) from activated

C fibers. These substances themselves have a pro-

inflammation effect [501]. Prolonged C fiber firing

reduces the threshold of pain and results in hyperal-

gesia (7 in Figure 9). Further, transport of CGRP and

substance P to the dorsal horn of the spinal cord sen-

sitizes cord neurons with the end result that touch is

perceived as pain (allodynia). A significant increase

in the number of intra-epithelial nerve endings occur

in women with VVS compared to controls [384,

388]. The nerve endings appear to be nociceptors

[502], and it has been suggested that the erythema

results from a neurogenic rather than an inflammato-

ry source [503]. This chronic pain may lead to

hypertonicity of the pelvic muscles (8 in Figure 9).

The reduced pain threshold and pelvic muscle hyper-

tonicity, in turn, causes more pelvic pain than one

might expect otherwise.

It is unclear why surgery improves the local pain and

decreases pain with intercourse in some subjects

with VVS, but it is possible that surgery removes the

target tissue of skin containing pro-inflammatory

molecules and the local vascular epithelium to which

CLA T-cells home.

Sexual pain disorders are heterogeneous, multisyste-

mic and multifactorial disorders that should be trea-
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Figure  8.  Immunological model of vulvar vestibulitis

FIgure 9 .  Immunological model of vulvar vestibulitis cont.



ted in a multimodal way according to etiological fac-

tors, risk profile and context. The following algo-

rithm with three distinctive characteristics meets

these requirements.

1. GENERAL RECOMMENDATIONS

1. A multidimensional and multidisciplinary

approach with specific attention to 6 areas : the

mucous membrane, the pelvic floor, the experience

of pain, sex & partner therapy, the emotional profi-

le and genital mutilation/sexual abuse (Table 34).

There is no “one size fits all” approach and no “or-

or” approach but an “and-and” approach. 

2. Individualized treatment After careful listening to

her story and after she has been well informed about

the illness and its natural course and possible treat-

ments or ways of handling it, a treatment plan is

made.

3. Patient focused approach: it is up to the woman

and her partner to decide which treatment they

wish to embark on. If the careful assessment of psy-

chological function has shown some psychopatholo-

gy, this should be treated first with psychotherapy.

By involving the women in the decision process,

regarding the specific treatment of the pain, they

share the responsibility for treatment choice and this

is known to have a positive effect on the treatment

outcome [504]. Shifts in preference for a certain

approach will depend on the country in question,

women's attitudes regarding psychosexual therapy

versus surgery, individual health care systems, cost

effectiveness of the various modalities, e.g. for VVS

- surgery, cognitive behavioral therapy, biofeedback,

or combination.

2. A COUNSELING MODEL

This approach implies that the health care provider

has to be familiar with the counseling model. He or

she is advisor and counselor and takes care that the

woman is in full command of the situation. This is a

treatment that is very time-consuming, requires great

patience, great empathy, sensitivity to non-verbal

signals and insight into relational interactions. He or

she must be able to identify the woman's ambivalent

feelings regarding coitus, sex, her partner, her own

body, her desire to have children. He or she must be

able to bring to light serious relational problems or

severe traumatic experiences (sexual violence) and

he or she has to realise that being able to have sex

does not automatically mean that the coitus is

enjoyed. It is highly recommended that the health

care provider receives suitable training. 

In table 34 the various treatment modalities for VVS

are presented by area.

1. MEDICAL INTERVENTION

On medical intervention for VVS there are only two

published studies that are methodologically correct

(level 2) : Fluconazole, Cromolyn [505, 506]. Both

interventions proved to be no more effective than

placebo. One confounding factor is a consistent

improvement of 20-30% of patients with VVS when

treated with placebo or with no therapy [506]. In

spite of this, many clinicians continue to include in

their biopsychosexual therapeutic approaches, medi-

cal interventions of unknown efficacy. Unless part of

a RCT, it is recommended that topical medication be

restricted to inert creams. (Possibly repeated touch at

sub threshold pain levels provides therapeutic bene-

fit). 

Tricyclic anti-depressants, venlafaxine, anticonvul-

sants - usually carbamazepine or gabapentin offer

some pain relief, although total pain resolution with

these drugs appears infrequent (level 3b). The star-

ting dose of nortriptyline and other tricyclic antide-

pressants is low, 10mg, but can be gradually increa-

sed to 40-60mg daily as tolerated. Similar doses used

to treat essential (dysesthetic) vulvodynia [336] have

augmented the treatment of the pain in women with

VVS [410].

2. HYGIENE MEASURES

Preventive hygienic measures (level 5) include no

soap, no vaginal douching, no nylon underwear

(“ventilation”), no pantyliner (mini pads), fluids to

produce 1500 ml urine daily and toilet hygiene.

Hydration with sitz baths may help reduce inflam-

mation and symptoms. 

3. RECOMMENDATIONS RE SEXUAL ACTIVITY

(LEVEL 5) 

For protection of the mucous membrane no vulvar

penetration with penis, finger or tongue should be

advised and no semen in the vulva. Some women

feel very guilty and some men feel very frustrated

about this. Persistent lack of sexual desire in spite of

significant improvement in sexual frequency has

been observed [447]. Therefore normalizing, refra-

ming and encouragement of non-penetrative sex is

needed since healing usually takes many months. It

is recommended the couple aim at pleasurable and
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relaxing sex (with orgasms for both partners as desi-

red) without guilt feelings for the woman and

without negative sexual tension for the man.

4. VAGINAL EMG BIOFEEDBACK, PELVIC

FLOOR PHYSICAL THERAPY, COGNITIVE

BEHAVIORAL THERAPY AND VESTIBULECTO-

MY

There is preliminary information to suggest that

vaginal EMG biofeedback, pelvic floor physical the-

rapy, cognitive behavioral therapy and vestibulecto-

my may all be useful interventions for VVS (level

2b-4b) [444-447]. Treatment results are very similar.

This may indicate a non-specific treatment effect in

terms of attention, validation of her pain, and the

patient's feeling of control and competence.  The

active constituents seem to be effective on a meta

level rather than on a content level : how you are

doing it, may be more important than what you are

doing. This phenomenon deserves further study.

5. PROGNOSTIC FACTORS AND SURGERY FOR

VVS

A detailed recent critique of gynecological/surgical

procedures for VVS suggest the following indicate

better prognosis [507] :

a. Lack of any characteristics of vaginismus before

the surgery

b. Acquired rather than lifelong introital dyspareunia

c. Very small amount of surface area involved with

allodynia

d. Lack of involvement of the Skene duct openings

e. Lack of vulvodynia, i.e. only introital dyspareunia

f. Willingness to have sex therapy if offered.

One problem with many of the studies in this review

is that the follow-up was short term or unspecified.

Clinical experience is that benefit from surgery is

often temporary with symptoms returning at about

18-36 months. However, longer follow-up with

remaining good outcome is reported by some inves-

tigators [508-510].

From this database, the following recommendations

can be drawn with regard to the role of neurological

factors in the etiology (causation and/or maintenan-

ce) of distinct sexual pain disorders:

From animal studies and clinical observations there

is increasing evidence for the role of neuropathic

pain mechanisms (neurogenic inflammation, per-

ipheral sensitization, sensitized nociceptors, primary

hyperalgesia, and central sensitization) in the patho-

physiology of sexual pain disorders. More basic

research in this field is needed. In clinical research

the use of a diagnostic tool capable of differentiating

among women with different types of genital pain,

quantifying the severity of the pain and changes of

the pain as a result of treatment is highly recommen-

ded. 

With regard to the role of psychological factors in

the possible etiology (causation and/or maintenance)

of distinct sexual pain disorders the following

recommendations can be drawn : 

Empirical literature has demonstrated the comorbid

presence of clinical psychopathology in the sexual

pain disorders. The pervasiveness of clinical psycho-

pathology warrants careful assessment of clinically

relevant depression and anxiety disorders for the pur-

pose of treatment planning. 

The role of psychopathology and of attentional and

cognitive processes in the etiology of dyspareunia

generally and VVS was demonstrated in controlled

studies, although these findings await replication.

Psychological etiological factors underlying vaginis-

mus are unresolved. 

Women with VVS demonstrate attentional bias for

pain-related stimuli (thermal and tactile stimulation)

as compared with normal controls, and lowered sen-

sitivity to pain than asymptomatic women. This

lowered sensitivity is not limited to the genital area,
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is stable over time and the level of hypervigilence is

largely accounted for by state and trait anxiety levels.

These experimental findings need replication. Also

impairment of genital responding in women with

dyspareunia by specific sexual stimulation (audiovi-

sual representation of penile-vaginal intercourse)

during laboratory investigation needs replication.

Psychosocial variables predictive for better outcome

in women with VVS were higher socioeconomic sta-

tus, lower education, and childlessness. Willingness

to be psychologically evaluated was highly predicti-

ve for positive outcome of limited vestibulectomy, as

was cooperation of patient in postoperative counse-

ling, localized disease, acquired vs. lifelong symp-

toms, absence of vulvodynia and non-involvement of

Skene duct openings. Prediction of treatment by

means of psychological or psychosocial variables

has not been investigated in dyspareunia not stated to

be due to vestibulitis. Prediction of treatment by

means of psychological or psychosocial variables

has been investigated in vaginismus but the three stu-

dies were non-controlled. More prospective research

with special attention for predictor variables is nee-

ded.

With regard to the role of the pelvic floor in the etio-

logy (causation and/or maintenance) of distinct

sexual pain disorders : Consistent level 2 studies

reveal

1. that differentiation between vaginismus and dys-

pareunia using clinical tools is difficult, or nearly

impossible ; 

2. that vaginal spasms have not been identified ; 

3. that only physical therapists can differentiate vagi-

nismic women from matched controls based on

muscle tone or strength differences ; 

4. that despite strong clinical support for the treat-

ment the traditional treatment of vaginismus with

vaginal “dilatation” plus psycho-education,

desensitization etc., it is not to date supported by

scientific study.

5. that there does appear some indication that pelvic

floor muscle tone and strength measures for

women suffering from VVS are intermediate bet-

ween those of women with vaginismus and no

pain controls, 

6. that there is accumulating basic research to sup-

port the idea that the pelvic floor musculature, like

other muscle groups is indirectly innervated by

the limbic system and therefore highly reactive to

emotional stimuli and states and 

7. that pelvic floor focused therapies for dyspareunia

may be effective. 

It is recommended that definitions of vaginismus

and dyspareunia are revised, as in the recent

consensus paper [64] and further modified as know-

ledge of the underlying pathophysiological mecha-

nisms increases. Also, vaginismus and dyspareunia

should not be characterized as simply “disorders of

the pelvic floor” or as a “pain problem” or as a “ves-

tibulum problem” or as “psychological problem”. It

is obvious that current diagnostic categories may

overlap, and need to be reconceptualized. Symp-

toms may be cause as well as effect of the com-

plaints. For treatment an integrated approach is

recommended.

The treatment of vulvar vestibulitis with EMG bio-

feedback, pelvic floor physical therapy, cognitive

behavioral therapy and vestibulectomy has been

evaluated to be effective. Significant improvement in

experienced pain, and in intercourse frequency and

other measures of sexual functioning is reported.

Results were found to be maintained over time. Irres-

pective of the kind of treatment, the results are very

similar. This indicates a non-specific treatment effect

that could be specified as a “patient centered approa-

ch”. In future research this non-specific treatment

aspect has to be validated.

Controlled studies are needed to test promising

interventions.

The examination technique to search for the cause of

dyspareunia is more detailed and requires much
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more finesse than a routine pelvic examination. If the

medical examination is conducted correctly, it can be

highly therapeutic. Such an examination can best be

referred to as an “educational gynecological sexolo-

gical examination”.

The use of brief personality and psychological ques-

tionnaires is advocated because they could be of

interest to detect possible co morbidity, for tailoring

treatment and to evaluate the effect of the treatment.

The degree of pain should be documented and the

use of the vulvalgesiometer is recommended.

It is recommended that the whole area of prevention

of sexual pain by education re sexuality be addres-

sed.

Much of the research reviewed in this chapter is

based on assumptions about women's sexual func-

tion which are not supported by clinical and empiri-

cal data. The past focus on assessing and treating

apparent lack of genital congestion may now change

to attempting to understand the disconnection

from/inattention to, the genital events, which do

occur promptly in response to sexual stimulation in

most women complaining of lack of arousal. An

emphasis on analysis of the emotions and thoughts

engendered by that sexual stimulation is needed,

given both are known to strongly influence the

woman's subjective experience of arousal. Better

understanding of genital vasocongestion and its dis-

ruption in the small subgroup of women with genital

arousal disorder is expected from delineation of the

autonomic innervation of the genitalia and the iden-

tification of the neurotransmitters involved in vagi-

nal smooth muscle relaxation.

The focus on assessing and attempting to change a

woman's frequency of apparently spontaneous

sexual thoughts, fantasies and desire for sex is now

strongly challenged by the evidence that many

sexually satisfied women in longer term relation-

ships rarely experience these traditional markers of

sexual desire. There is evidence of a very broad nor-

mative range. Moreover, sexual desire is not the rea-

son usually given for women's agreeing to or instiga-

ting sexual activity. Thus, an understanding of why

there may be few or no reasons/incentives or interest

for a sexual experience, becomes the focus worthy of

future study.

That approximately 15% of younger women have

chronic dyspareunia that is poorly understood and

for which cure is infrequent, makes this an urgent

health issue. Unlike complaints of “low desire/low

interest”, the vast majority of women with chronic

dyspareunia see it as hugely problematic and distres-

sing. Despite this distress, and the persistent repeated

requests for help from some women, the total lack of

request for help by many others also deserves study. 

Abusive experiences of many types leave long-term

sexual sequelae, the optimal management of which is

unclear. Clearly, a focus on prevention is vital.

The contextual nature of women's sexuality and the

importance of the subjective over the physical expe-

rience strongly supports the need for biopsychoso-

cial assessment of sexual dysfunction and similarly

an integrated treatment. Given the comorbidity of

women's sexual dysfunctions, despite the inherent

complexity, future research would merit focusing on

this comorbidity as well as a biopsychosocial

approach.
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2004 Summary of the Recommendations
on Women’s Sexual Dysfunctions 

«There exists fundamental rights for the individual, including the right to

sexual health and a capacity to enjoy and control sexual and reproductive

behavior in accordance with a social personal ethic -  freedom from fear,

shame, guilt, false beliefs and other factors inhibiting sexual response and

impairing sexual relationships -  freedom from organic disorders, disease

and deficiencies that interfere with sexual and reproductive function. »

WHO 1994

The 2nd International Consultation on Sexual Dysfunction in men and

women was convened in Paris, France June 28 - July 1, 2003. Its mission

was to update the present knowledge in this fast developing area of medi-

cine and develop recommendations for the evaluation and management of

Sexual Dysfunction in men and women.

This summary encompasses the recommendations concerning Sexual Dys-

function in women. The recommendations are based on a thorough review

of the available literature following the Evidence-based Medicine prin-
ciples as developed by the Consultation in collaboration with the Oxford

and Cochrane institutions.

The focused recommendations of the 9 committees addressing women

were discussed in an open session in Paris by a large audience of experts.

The final recommendations were refined by the Scientific Committee

consisting of the chairpersons of each committee. 

These recommendations published in 2004 will be periodically re-

evaluated in the light of clinical experience and progress within the field.

Co-Sponsored by

International Consultation on

Urological Diseases (ICUD)

International Society of 

Urology (SIU)

International Society for

Sexual and 

Impotence Research (ISSIR)

In collaboration with

American Urological 
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of Urology (EAU)
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of Asia (UAA)

*

African Society of
Impotence Research  (ASIR)

Asia Pacific Society for
Impotence Research (APSIR)

European Society for Sexual
and

Impotence Research 
(ESSIR)

International Academy 
of Sex Research (IASR)

International Society for the
Study of Women’s Sexual

Health (ISSWSH)

Société d’Andrologie de 
Langue Française (SALF)

Sociedad Latino Americana 
para el estudio de la
Impotencia (SLAI)

Sexual Medicine Society of 
North America (SMS)

World Association for Sexology
(WAS)

*

Association Pédagogique
Nationale pour l’Enseignement
de la Thérapeutique (APNET)

R. BASSON, 
S. ALTHOF, S. DAVIS,  K. FUGL-MEYER, I. GOLDSTEIN, 

J. HEIMAN, S. LEIBLUM, C. MESTON,  R. ROSEN, G. WAGNER,
W. WEIJMAR SCHULTZ

CHAPTER 23



976

CONTENT

Women’s sexual dysfunctions include persistent or recurrent disorders of sexual interest/desire, disorders of

subjective and genital arousal, orgasm disorders, pain and difficulty with attempted or completed intercourse.

◆ The framework for assessment of sexual dysfunction is to assess predisposing, precipitating and main-

taining factors. 

◆ When there is a current sexual relationship, both partners need to be assessed to understand the above

factors.

◆ Collaboration between different disciplines is recommended for optimal assessment. 

◆ Current contextual/environmental factors are commonly etiologically important.

◆ Past history - developmental and past relationships are commonly etiologically important especially for

lifelong dysfunctions.

◆ Comorbidity of women’s sexual dysfunctions is very common.
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A COMPREHENSIVE MEDICAL AND PSYCHOSEXUAL HISTORY IS
HIGHLY RECOMMENDED FOR ALL SEXUAL DYSFUNCTIONS – 

SEE TABLE 1
II
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Table 1 : Components of a comprehensive sexual, medical, psychosocial history

BIOLOGICAL PSYCHOSOCIAL SEXUAL

Symptoms general systems inquiry mood,  the sexual difficulties 

in her own words 

Present context medications/substance nature and duration of current context when activity

(Precipitating/ abuse, fatigue, presence  relationship.  Societal values/ is attempted - type of

maintaining) of non-sexual pain. beliefs  sexual stimulation, 

the woman’s feelings 

towards her partner,  

Past Context past medical history particularly for lifelong past sexual experiences 

(Predisposing/ problems, developmental alone and partnered, 

precipitating) history, including relationships wanted, coercive,

with caregivers, siblings, abusive.

traumas, and losses.

Onset past medical, psychiatric psychosocial circumstances sexual details at onset 

(Precipitating) details at time of onset  including relationship at of dysfunctions

of sexual problems. time of onset of sexual 

problems.

Full picture of  details re effects of personality factors including rest of the sexual

her current  medical condition on control issues, ability to response cycle

sexual response sexual activity, e.g. express non-sexual emotions. including pain

cardiac compromise.

Role of the partner partner’s medical health partner’s mood and mental partner’s sexual 

(Precipitating/ health, partner’s reaction to response cycle 

Maintaining) sexual problems including pain

Distress re medical  issues re psychosocial issues. re sexual dysfunction



◆ Assessment of the woman’s recovery from the

abuse (with or without past therapy)

- history of recurrent depression, substance

abuse, self-harm, promiscuity,  inability to trust,

exaggerated need for control or need to please

(and inability to say no)

- Details of the abuse may be necessary, especial-

ly if previously unaddressed – see Chapter 16.

Assessment of the sexual dysfunction per se

may be deferred temporarily.

◆ Usually a number of factors contribute. 

Note, occasionally women with emotionally trau-

matic pasts tell of sexual interest only when emo-

tional closeness with a partner is absent. There is

inability to sustain that interest when and if emotio-

nal intimacy with the partner develops. (This is a

fear of intimacy – not strictly a sexual dysfunction).

Frequently these dysfunctions are comorbid.

For all or any of them the following possible

etiological factors should be assessed, see 

Figure 2.

b) Sexual Interest/Desire Disorder, Subjective

and Combined Sexual Arousal Disorders

This will allow subtyping of the arousal disor-

der (see page 988) so as to guide choice of the-

rapy.

It is recommended to clarify which compo-

nent(s) of arousal is absent/problematic – see

Figure 1. 

a) Arousal Disorders

FURTHER DETAILS RE THE
COMPONENTS OF ENQUIRY
FOR  INDIVIDUAL DYSFUNC-
TIONS ARE RECOMMENDED

IV

FURTHER ASSESSMENT OF
THE WOMAN WHO 

DISCLOSES PAST SEXUAL
ABUSE IS RECOMMENDED

III
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Figure 1 : Detailed clarification of complaint of low

sexual arousal

Figure 2 : Assessment of etiological factors in

women’s complaints of low sexual interest/desire/low

subjective sexual arousal/absent or impaired orgasm. 



◆ Are orgasms absent and/or very delayed and/or

markedly reduced in intensity?

◆ Is there adequate and acceptable stimulation 

– a) with partner

– b) with masturbation?

◆ Is the degree of trust and safety she feels she

needs present?

◆ Is there fear of letting go control?

◆ What does she fear may happen that could be

negative?

◆ Is information re women’s sexual response nee-

ded for one or both partners?

This information will guide choice of therapy.

It is recommended to clarify the aspects of her

pain, her fear of pain, avoidance responses, as

shown in Table 2

A detailed medical enquiry with review of systems

is highly recommended for all sexual dysfunctions

– see Table 1. 

This would include screening for depression as

regardless of antidepressant use, depression is

consistently related to sexual dysfunction, particu-

larly to low sexual desire.

Assessment of the psychosocial and psychosexual

history is strongly recommended for all sexual

dysfunctions – see Table 1.

PSYCHOSOCIAL HISTORYVI

DETAILED MEDICAL ENQUIRYV

d) Dyspareunia and Vaginismus

➦ It is recommended to clarify:- 

c) Women’s  Orgasmic Disorder 
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1. PAIN

Where does it hurt? How would you describe the pain?

Is the pain with penile contact to the opening of your vagina, once the penis is partially in, with full entry, after

some thrusting, after deep thrusting, with your partner’s ejaculation, after withdrawal, with subsequent micturition? 

Do you find your body is tensing when you or your partner attempts to insert his penis?  What are your thoughts

and feelings at this time?

How long does the pain last? Does touching elsewhere in the genital area cause pain? Does it hurt when you ride

your bicycle or when you wear tight clothes? Do other forms of penetration hurt (tampons, fingers)?

2. PELVIC FLOOR MUSCLE TENSION

Do you recognise the feeling of pelvic floor muscle tension during sexual contact?

Do you recognise the feeling of pelvic floor muscle tension in other (non-sexual) situations?

3. AROUSAL

Do you feel subjectively excited when you attempt intercourse? Does your vagina become sufficiently moist? Do

you recognise the feeling of drying-up?

4. CONSEQUENCES OF THE COMPLAINT

What do you do when you experience pain during sexual contact? (Continue/stop intercourse/continue to make

love without intercourse?)

Do you currently continue to include intercourse or attempts at intercourse, or do you use other ways to make love

instead?  If so, are you both clear intercourse will not be attempted?

What consequences does the pain have on the rest of your relationship? 

5. BIOMEDICAL ANTECEDENTS

When and how did the pain start? What tests have been done? What treatment have you received?

Table 2. Futher details of enquiry for dyspareunia and vaginismus



The genital exam is often highly informative,
can be very therapeutic  (see chapter 16), but its
intimate nature demands there must be a rea-
son for its inclusion.

◆ For women with dyspareunia – for some

women, (especially those with lifelong pain

and difficulty with penile entry), an educational

exam is recommended.

◆ For women diagnosed with vaginismus, done

in progressive stages once fear of vaginal entry

has lessened with therapy –  an educational

exam is advocated.

◆ For women with genital arousal disorder.

Information will, of course, be limited because

the genitalia are in non-aroused state but estro-

gen deficiency or more rarely, disease such as

connective tissue disorder, can be identified.

◆ For women with combined arousal disorder.

Likely there will be no abnormality – nothing

arouses these women mentally/subjectively be

it written, visual, non-genital physical stimula-

tion and the evidence to date is that their geni-

tal response is healthy. Nevertheless, a “nor-

mal” exam is highly informative to the woman.

It is also possible that a woman with combined

arousal disorder goes on to become estrogen

deficient – adding physical vulval atrophy to

her longstanding problems of disconnection

from genital events. 

◆ For women with neurological disease affec-
ting pelvic nerves where a detailed neurologi-

cal genital exam is also necessary, clarify light

touch, pressure, pain, temperature sensation,

anal and vaginal tone, voluntary tightening of

anus, and vaginal and bulbocavernosal

reflexes.

◆ For women with history of pelvic trauma

◆ For women with any disease potentially
affecting genital health.

◆ For women with acquired and lifelong orgas-
mic disorder even if otherwise healthy (a nor-

mal examination is of reassurance value).

◆ When the history indicates the opportunity for

Pap smear/STD investigation should be taken

Please see chapter 16 for recommended details of

procedure of examination of women with sexual

dysfunction.

◆ As dictated by the general medical enquiry

◆ For women with chronic illness

◆ As part of good medical care e.g. evaluation of

blood pressure, breast exam etc. 

Although frequently none are needed for the

assessment of the sexual dysfunction per se, cer-

tain situations may require laboratory testing :-

◆ As indicated by the medical assessment  e.g.

fasting blood glucose, TSH*.

◆ When an infective etiology for dyspareunia

remains possible e.g. vaginal, cervical, vulval

discharge microscopy/cultures

◆ When investigational testosterone therapy is

contemplated, accurate assays of free testoste-

rone or accurate assays of total testosterone and

SHBG* are required.

The Sodergard equation can be reliably used to

calculate free testosterone if total testosterone,

albumin and SHBG* are known.  This method

requires a reliable determination of total testoste-

rone and SHBG; albumin is quantified by routine

methodology.  

No rapid, simple assay of total testosterone has

been shown to produce reliable results in women

with low testosterone levels. Liquid chromatogra-

phy (LC)-MS/MS appears to provide the most

reliable measurement of low testosterone concen-

trations. Measurement of free testosterone by ana-

logue assays are notoriously unreliable, particular-

ly at the lower end of the normal female range and

are not recommended for use.

Regardless of which assay method is used, a tho-

rough validation of each method is required.  The

validation should include assay sensitivity, preci-

sion, accuracy and specificity.

LABORATORY
INVESTIGATIONSVIII

➦ A general physical exam is highly 
recommended as follows:

A FOCUSED PELVIC GENITAL EXAM IS

HIGHLY RECOMMENDED IN THE FOL-
LOWING CIRCUMSTANCES

1

PHYSICAL EXAMINATIONVII
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* STD = Sexually Transmitted Disease - 

TSH = Thyroid Stimulating Hormone -

SHBG = Sex Hormone Binding Globulin



◆ women’s sexual experiences frequently begin for reasons other than sexual desire

◆ desire is consequently experienced after arousal such that continued arousal and a responsive type of

desire coexist and reinforce each other, 

are acknowledged.  

Such acknowledgment would lead to conceptualization of women’s sexual response in keeping with the

following Figure 3.

➦ It is recommended that the data confirming: 

RECENTLY REVISED  DEFINITIONS OF WOMEN’S SEXUAL
DYSFUNCTIONS AND MODELS OF SEXUAL RESPONSE THAT

UNDERLY THESE DEFINITIONS
I
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B. Recommendations Re Establishing 
the Diagnosis

Figure 3 : Alternative model of woman’s

sexual response

Figure 4 : Blended sex response cycle sho-

wing many motivations to be sexual, sponta-

neous desire and responsive desire accessed

en route

Apparently innate or “spontaneous”

desire, present before stimulation begins

may sometimes also be present  as is

shown in Figure 4, but its absence does

not equate to dysfunction 



It is recommended that the data confirming

women diagnosed with arousal disorder usually

show physiologically healthy vasocongestive res-

ponses in the genitalia in response to erotic sexual

stimulation be acknowledged. Thus it is their lack

of subjective arousal that is key to their distress,

rather than failure of genital congestion. 

It is recommended that the following subtypes of

sexual arousal disorder are recognized.

Given the range of awareness of genital conges-

tion among women, recognition of a “subjective

arousal disorder” is advocated.

A women diagnosed with the genital subtype of

arousal disorder indicates she can still be subjecti-

vely aroused by for instance, viewing an erotic

film, or pleasuring her partner, being kissed or

receiving breast stimulation. She complains of the

marked loss of intensity of any genital response

including orgasm. Awareness of throbbing/swel-

ling/lubrication is absent or markedly diminished. 

Of note, it is the woman’s self-report of absent or

impaired genital congestion and lubrication that is

the basis of the definition. There may or may not

be demonstrable physical pathophysiology if such

testing were available. Moreover, loss of sexual

quality of sensations despite apparently adequate

engorgement can occur and is little understood.

Note, it is the lack of the subjective excitement

from any type of sexual stimulation that distin-

guishes these women from those with genital

arousal disorder. 

The following provisional definition of a poorly

understood but recently more frequently recogni-

sed syndrome, is recommended to facilitate inves-

tigation of prevalence and etiology. 

Spontaneous, intrusive and unwanted genital

arousal (e.g. tingling, throbbing, pulsating) in

the absence of sexual interest and desire.  Any

awareness of subjective arousal is typically but

not invariably unpleasant. The arousal is

unrelieved by one or more orgasms and the

feelings of arousal persist for hours or days.

➦ Persistent Sexual Arousal Disorder

Absence of or markedly diminished feelings of

sexual arousal (sexual excitement and sexual

pleasure), from any type of sexual stimulation

as well as complaints of absent or impaired

genital sexual arousal (vulval swelling, lubri-

cation). 

➦ Combined Genital and Subjective 
Arousal Disorder

ced sexual sensations from  caressing genita-

lia. Subjective sexual excitement still occurs

from non genital sexual stimuli.

Complaints of absent or impaired genital

sexual arousal. Self-report may include mini-

mal vulval swelling or vaginal lubrication

from any type of sexual stimulation and redu

➦ Genital Sexual Arousal Disorder

Absence of or markedly diminished feelings of

sexual arousal (sexual excitement and sexual

pleasure), from any type of sexual stimulation.

Vaginal lubrication or other signs of physical

response still occur.

➦ Subjective Sexual Arousal Disorder

b) Arousal disorders

There are absent or diminished feelings of

sexual interest or desire, absent sexual

thoughts or fantasies and a lack of responsive

desire. Motivations (here defined as

reasons/incentives), for attempting to become

sexually aroused are scarce or absent. The

lack of interest is considered to be beyond a

normative lessening with lifecycle and rela-

tionship duration.

a)  Hypoactive sexual desire/interest disorder

THE FOLLOWING REVISED DEFINITIONS OF

WOMEN’S SEXUAL DYSFUNCTION ARE

RECOMMENDED: 
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The following definition of orgasmic disorder is

recommended.

In the past, the criterion of high or “adequate”

arousal/ excitement  was often ignored. It is hoped

that by changing the sentence structure misuse of

the definition will lessen. 

It is recommended the experience of women who

cannot tolerate full penile entry and the move-

ments of intercourse because of the pain, be inclu-

ded in the definition of dyspareunia. Clearly, it

depends on the woman’s pain tolerance and her

partner’s hesitancy or insistence. 

The following definition of vaginismus is recom-

mended as the presence of a “vaginal spasm” has

never been documented despite its inclusion in

earlier definitions. Reflexive involuntary contrac-

tion of the pelvic muscles as well as thigh adduc-

tion, contraction of the abdominal muscles,

muscles in the back and limbs, associated with

varying degrees of fear of pain, typically but not

invariably  precludes full entry of a penis, tampon,

speculum or finger. 

The following definition is recommended but it is

acknowledged that many clinicians feel the syn-

drome of extreme anxiety/panic associated with

activation of the autonomic nervous system is a

form of phobic reaction.  

However, it is felt that the sexual context and

sexual repercussions warrant its inclusion as a

sexual dysfunction.

Extreme anxiety and/or disgust at the anticipa-

tion of/or attempt to have any sexual activity.

f) Sexual Aversion Disorder

The persistent or recurrent difficulties of the

woman to allow vaginal entry of a penis, a fin-

ger, and/or any object, despite the woman’s

expressed wish to do so. 

There is often (phobic) avoidance, involuntary

pelvic muscle contraction and anticipation/

fear/experience  of pain. Structural or other

physical abnormalities must be ruled

out/addressed.

e) Vaginismus

Persistent or recurrent pain with attempted or

complete vaginal entry and/or penile vaginal

intercourse.

d) Dyspareunia

Despite the self-report of high sexual arousal/

excitement, there is either lack of orgasm,

markedly diminished intensity of orgasmic

sensations or marked delay of orgasm from

any kind of stimulation.

c) Women’s Orgasmic Disorder
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Figure 5 (part 1)

Figure 5 (part2)

ALGORITHM TO AID DIAGNOSISII

The detailed sexual enquiry allows diagnosis of the various sexual dysfunctions to be made – see the fol-

lowing algorithm. It is recommended that the clinician is aware of the usual need to make more than one
diagnosis, e.g. sexual interest disorder and combined arousal disorder (Figures 5 Part 1, Part 2).



It is recommended to clarify the dysfunction as

lifelong or acquired.

Lifelong dysfunction necessitates more detailed

psychosexual enquiry regarding childhood, ado-

lescence and past relationships. 

Acquired dysfunction necessitates careful enquiry

into the context (psychological and medical) sur-

rounding the onset of the dysfunction.

It is recommended to clarify if the dysfunction is

situational or generalized.

Situational problems suggest an absence of orga-

nic disruption of the sexual response. Situational

problems may be adaptive/logical to the proble-

matic context and this has obvious therapeutic

relevance.

It is recommended to clarify the degree of distress

None, mild, moderate, marked. 

In the absence of distress, a disruption of sexual

response (or lack of interest) still has epidemiolo-

gical but rather little clinical importance.

1. PAST negative upbringing/losses/trauma (phy-

sical, sexual, emotional, past interpersonal rela-

tionship, cultural/religious restrictions).

2. CURRENT interpersonal difficulties, partner

sexual dysfunction, inadequate stimulation and

unsatisfactory sexual emotional contexts.

3. MEDICAL conditions, psychiatric conditions,

medications, substance abuse.

Given that women’s sexuality is contextual, there

is some difficulty with the concept of diagnosing a

woman as having a sexual dysfunction when the

primary problem appears to be the “sexual

context” in which the sexual exchange occurs.

However, she is reporting that dysfunction is pre-

sent even though factors other than her own sexua-

lity need to be highlighted. It is therefore stron-
gly recommended to include contextual des-
criptors within each diagnosis. 

Ongoing studies of the usefulness and validity
of these recommended revisions of definitions
of sexual dysfunction are strongly recommen-
ded.

➦ It is recommended to clarify contextual 
factors:

d)  Context

c)  Degree of Distress

b)  Situational or Generalized

a) Lifelong vs. Acquired 

DESCRIPTORS:  INTEGRAL
COMPONENTS OF THE 

DIAGNOSIS(ES)
III
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A. In general, interpersonal problems within the

relationship should be addressed prior to speci-

fic recommendations re sexual dysfunction.

B. A number of investigational pharmacological

agents are being used to treat specific sexual

disorders – the lack of long term safety data

should always be openly discussed.

C. Collaboration between different disciplines is

recommended. 

D. Research is needed to identify efficacious com-

bined/integrated treatments for sexual dysfunc-

tion. Even when sexual function has been heal-

thy prior to medical insult, there are psycholo-

gical and interpersonal repercussions plus

sexual adaptations that may or may not be use-

ful. Medical management alone may be insuf-

ficient.

◆ Cognitive-behavioural techniques (CBT).
Conventional treatment currently involves

CBT techniques. Although widely used, there

is limited evidence of benefit in terms of

controlled trials. Nevertheless, the treatment is

benign and there are no safety issues – Grade

B-C.

◆ There is some empirical support for traditional
sex therapy with sensate focus – Grade C.

◆ Psychodynamic treatment is currently fre-

quently recommended but again, there are no

randomized studies – Grade D.

◆ The use of tibolone for postmenopausal
women, though promising, cannot be recom-
mended currently. (There are two RCTs of 3

and 12 months’ duration but the women were

not identified as complaining of sexual dys-

function) – Grade C.

◆ The use of bupropion hydrochloride is of inter-

est but needs further study before this can be

recommended – Grade C.

The use of phosphodiesterase inhibitors is not
recommended – Grade B.

◆ Sexual sequelae of low estrogen levels, inclu-

ding poor sleep, dislike of sensual touching,

and lack of well being may  be treated with

low-dose estrogen – Grade C. 

◆ Clinicians are recommended to prescribe the

➦ HOWEVER:

c) Estrogen Therapy (ET) for Sexual Inter-

est/Desire and Arousal Disorders (Combi-

ned and Subjective)

b) Non-Hormonal Pharmacological Manage-

ment of Sexual Interest/Desire and Arou-
sal  Disorders (Combined and Subjective)

a) Psychological Management of Low
Sexual Interest and Arousal Disorders
(Combined and Subjective)

RECOMMENDATIONS
REGARDING MANAGEMENT

OF SEXUAL INTEREST/
DESIRE  AND COMORBID

AROUSAL DISORDERS
(COMBINED AND

SUBJECTIVE)

II

GENERAL REMARKSI
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C. Recommendations Regarding 
Management of Women’s 

Sexual Dysfunction



lowest dose of systemic estrogen for the shor-

test duration consistent with treatment goals,

benefits, and risks for the individual woman,

taking into account quality of life issues –

Grade A. Although clinical trials are lacking,

all systemic estrogen types and modes of admi-

nistration may provide relief.

It is highly recommended clinicians are fully

aware of recognized risks:-

◆ Because of the increased risk of endometrial

hyperplasia and adenocarcinoma with systemic

ET, all women with an intact uterus should also

be prescribed progestogen to oppose estrogen’s

adverse effects – Grade A.

Oral estrogen increases the risk of venothrom-

botic events (VTE) in the initial years of use

Grade A. Parenteral therapy appears to have

less risk for VTE –  Grade B.

A set regime of oral CEE+MPA is associated

with an increase in breast cancer risk beyond 5

years use – Grade A. There is some evidence

that oral estrogen alone, other estrogen – pro-

gestin regimens (including lower doses, non-

oral estrogen +/- progesterone therapy or tibo-

lone) also convey this order of risk – Grade B-

C.

There is increasing use of estrogen +/- proges-

togen therapy after breast cancer. However,

there is some evidence that hormone therapy

increases recurrence from breast cancer, so this

therapy should be limited to moderate to seve-

rely symptomatic women, requires informed

patient consent, and management of the patient

should be in partnership with the physicians

monitoring the woman’s cancer. Grade B

Oral CEE+MPA is associated with an increase

in cardiovascular events in the first years of use

and this risk wanes over 4 years level 1b. The

use of other estrogen regimens and modes of

administration and other steroids (tibolone) do

not necessarily convey the same risk but data is

lacking – Grade B.

◆ Long-term data for safety and benefit of tes-
tosterone therapy in women is lacking but
required before long-term use of testostero-
ne can be recommended. 

◆ Safety data for the use of testosterone in non-
estrogen replaced postmenopausal women is

lacking and no recommendation for its use can

be made currently.

◆ There is minimal data on the use of testostero-

ne therapy in premenopausal women and no

recommendation for its use can be made cur-

rently.

◆ There is minimal long-term safety data and any

enduring benefit after short-term treatment is

unproven. Theoretically supplementing testos-

terone on a temporary basis only, could have

adverse effects on the couple when it is with-

drawn if an improvement associated with AT is

no longer apparent. 

◆ Careful assessment (see algorithm in chapter

16) must establish absence of ongoing psycho-

logical (interpersonal, intrapersonal, contex-

tual, societal) and/or physical factors negative-

ly affecting sexuality.

◆ There are significant potential complications

and contraindications to androgen therapy –

➦ If despite the above, AT is contemplated:-

➦ The following recommendations are all 
Grade C, D

d) Androgen Therapy (AT) for Sexual Inter-

est/Desire Disorder and Arousal Disorders 

No firm recommendation can be given regar-

ding the long-term benefit vs. risks of systemic

ET given the lack of RCTs of women who are

symptomatic of estrogen deficiency and begin

ET during the perimenopause or immediately

with menopause. Risks outweigh benefit when

ET is commenced some years postmenopause

in women who are not identified as being

symptomatic from estrogen deficiency – Grade

A.

Thus careful attention to cardiovascular,

thrombotic and breast cancer risks and tho-

rough examination should be undertaken

before any treatment is prescribed. 
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see Chapter 12 and Chapter 16.  Regular follow
up for efficacy and safety is essential, inclu-

ding:-

- Inspection of skin and hair for seborrhea, acne,

hirsutism and alopecia

- Lab monitoring of free/bioavailable testoste-
rone and SHBG – keeping these values
within the normal range for premenopausal
women – possibly a target level for older

women should be even lower but this remains

unclear. Accurate assays must be used – see
earlier section on laboratory investigations

- Lipid profile and monitoring of glucose toleran-

ce.

◆ Based on available data, no specific testoste-
rone therapy or dose can yet be recommen-
ded. In the future, any formulation of testoste-

rone must have pharmacokinetic data indica-

ting that it produces blood levels within the

normal premenopausal range. Achieving phy-

siological free testosterone levels by transder-

mal delivery appears to be the best approach

for minimizing the adverse effects of andro-

gens.

◆ Contraindications to testosterone therapy

include androgenic alopecia, seborrhea or acne,

hirsutism as well as a history of polycystic

ovary syndrome, estrogen depletion. Oral

methyl testosterone therapy is contraindicated

in women with hyperlipidemia or liver dys-

function.

◆ Testosterone administration should be discon-
tinued in the event of the following:

- Failure of response after up to 6 months of treat-

ment

- Secondary treatment failure

- Appearance of one or more androgen induced

skin and hair changes, bearing in mind that

these conditions are progressive and unpredic-

table

- After 12 months unless new data confirms safe-

ty of more prolonged treatment. 

The use of local estrogen therapy is highly
recommended for sexual symptoms resulting
from vulvovaginal atrophy – Grade A. These

include not only genital arousal disorder with its

lack of pleasure from direct genital stimulation,

vaginal dryness and dyspareunia, but also frequent

UTIs lowering sexual interest and arousability and

increasing the chance of orgasmic disorder.

The investigational use of phosphodiesterase
inhibitors is cautiously recommended for genital

arousal disorder unresponsive to local (or if indi-

cated, systemic) ERT – Grade B recommendation.

(This is based on two short-term 1b studies which

support investigational use of sildenafil). The opti-

mal means of identifying which women with

symptoms of genital arousal disorder will benefit

is unclear.

The use of tibolone is of interest but cannot be
recommended currently for postmenopausal
women with genital arousal disorder – Grade C.
Note: The women in the level 1b and level 4 stu-

dies were not identified as having sexual dysfunc-

tion. 

c) Tibolone

b) Phosphodiesterase Inhibitors

The use of long-term systemic ET for the

sexual consequences of vulvovaginal atrophy

cannot be recommended at this time due to

lack of safety vs. benefit data in women who

are symptomatic and begin ET at the time of

menopause. Risks outweigh benefit when ET

is commenced some years postmenopause in

women who are not identified as being symp-

tomatic from estrogen deficiency – Grade A.

a) Estrogen

RECOMMENDATIONS
REGARDING MANAGEMENT

OF GENITAL AROUSAL
DISORDER

III
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A directed masturbation program (see chapter

9) is recommended for lifelong generalized orgas-

mic disorder – Grade B.

For the woman with orgasms with masturbation

but not with her partner, the focus of therapy is on

the relationship especially the trust and safety
necessary for the woman to be sufficiently vulne-

rable. The partner may need information regarding

women’s sexual function and the woman support

for the need to guide her partner – Grade D.

Anxiety reduction techniques are best suited for

anorgasmic women only when sexual anxiety is

coexistent – Grade C.

The following recommendations are Grade D due

to paucity of controlled trials in this area.

◆ Ideally, a multidimensional multidisciplinary

approach for sexual pain is recommended with

attention to the following areas: the experience

of pain, the emotional/psychological profile,

any context of past genital mutilation or sexual

abuse, the genital mucous membrane, the pel-

vic floor, sex and partner therapy.

◆ The evidence is that the syndromes of vaginis-

mus and VVS overlap, as do the syndromes of

vaginismus and dyspareunia not due to VVS.

◆ Treatment should be individualized for each

woman and/or partner, whenever possible with

their input. 

◆ Psychological issues (as well as interpersonal

issues) should be addressed early on with psy-

chotherapy.

◆ Given the lack of understanding of etiology

and the progression of this syndrome, the ove-

rall safety and overall risks of any intervention

must be kept in mind. The following interven-

tions have been used individually and in com-

bination-with reported clinical benefit but

without scientific evidence. There are, howe-

ver, minimal safety concerns.

- vaginal muscle EMG biofeedback, pelvic floor

physical therapy with cognitive behavioural

therapy

- hygiene measures including avoidance of soap,

perfumes, pantyliners.

- medical:  topical estrogen, cromolyn, xylocaine

to sites of allodynia

- fluconazole for associated recurrent candidiasis

◆ medications for chronic pain

On the not yet proven assumption that neuropathic

pain is at least in part responsible for the pain of

VVS, the use of tricyclic antidepressants, venla-

faxine, or anticonvulsants such as gabapentin or

carbamazepine or topiramax is cautiously recom-

mended. 

◆ Surgical – Vestibulectomy/vestibuloplasty/per-

inoplasty. Although controversial, one level 2b

study suggests vestibulectomy to be superior to

behavioural and physiotherapy modalities

although all modalities of therapy were benefi-

cial. Poor surgical prognosis is associated with

lifelong as opposed to acquired symptoms,

associated features of vaginismus, vulvodynia

in addition to the introital dyspareunia, larger

areas of allodynia, involvement of the openings

of the peri urethral ducts and declining of the

offer of sex therapy.  

b)  Vulvar Vestibulitis Specific Recommenda-

tions

a) General Recommendations

RECOMMENDATIONS
REGARDING MANAGEMENT

OF DYSPAREUNIA ND 
VAGINISMUS

V

➦ No pharmacological agents can be 

recommended – Grade B.

d)  Pharmacological Agents

c) Anxiety Reduction

b)  Situational Orgasmic Disorder

a) Generalized Orgasmic Disorder

RECOMMENDATIONS
REGARDING MANAGEMENT

OF ORGASMIC DISORDER
IV
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◆ Conventional treatment involves psycho-edu-

cation, CBT, sex therapy and the use of vaginal

inserts, and is recommended. However, there is

a marked lack of scientific outcome evidence

to support this use.

◆ Given the preliminary information suggesting

benefit from pelvic floor physiotherapy  and

EMG biofeedback for VVS, it is possible this

will prove true for vaginismus.  Again, there is

notable lack of outcome data. 

◆ Although many clinicians define vaginal pene-

tration as the goal of therapy, in the future out-

come measures should be broader to include

sexual pleasure. 

◆ The need for treatment for sexual trauma must

be considered. If considered necessary, it

should predate any treatment for sexual dys-

function. 

◆ Therapy should help women understand any

possible connections between past and current

sexual functioning, particularly re trust and

being sexually vulnerable.

◆ Important aspects of therapy include:

- Encouragement that women can be in control of

their sexual encounters.

- Their learning to be able to mentally and physi-

cally relax prior to receiving sexual stimulation.

- Women’s recognition that they need only enga-

ge in encounters with which they are fully com-

fortable.

- Helping women to develop verbal and non-ver-

bal communication with their partners to limit

further sexual stimulation when they feel

overwhelmed, “numb” or fearful.

- Assisting women’s development of relation-

ships where there is a healthy balance of power

to minimize feelings of victimization and maxi-

mize feelings of control.

◆ While not all women report sexual problems as

a result of female genital excision, it is impor-

tant to offer such women an opportunity to dis-

cuss such feelings and learn skills to increase

self-esteem and sexual satisfaction.

◆ Encourage women with previous genital exci-

sion to seek out support groups.

◆ Offer, when indicated, vaginal repair for aiding

the woman’s enjoyment of/possibility of

having intercourse

◆ Offer, when indicated, other vulval surgery,

e.g. to free partially obstructed urine flow asso-

ciated with recurrent infections

◆ Encourage decision making within the partner-

ship/within the family in many instances. 

◆ Provide information about health consequences

of decisions they may make regarding under-

going surgery to again restrict the introital 

opening to an extremely small diameter. 

◆ Clarify the legal and ethical responsibility of

the physician who must decline to perform

requested restitching after childbirth. 

◆ Offer psychotherapy for addressing the emotio-

nal traumatic sequelae from previous genital

excision. 

◆ Provide specific management of sexual 
dysfunction as needed.

RECOMMENDATIONS
REGARDING MANAGEMENT
OF SEXUAL DYSFUNCTION

FOR THE WOMAN WITH
PREVIOUS GENITAL

MUTILATION  (Based on
expert opinion and 

level  5 studies)

VII

RECOMMENDATIONS
REGARDING MANAGEMENT
OF SEXUAL DYSFUNCTION

FOR THE WOMAN WITH
PREVIOUS CHILD SEXUAL

ABUSE (Based on expert 
opinion and level 5 studies)
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990



991

LAY-OUT

Taieb stephanie



Committee 2

Psychological and Interpersonal 

Dimensions of Sexual Function and 

Dysfunction

Co-Chairs

S.E. ALTHOF (USA),

S.R. LEIBLUM (USA)

Members

M. CHEVERT-MEASSON (FRANCE),

U. HARTMAN (GERMANY)

S.B. LEVINE (USA),

M. MCCABE (AUSTRALIA),

M. PLAUT (USA),

O. RODRIGUES (BRAZIL),

K. WYLIE (U.K)

73

CHAPTER 3



REFERENCES

K. CONCLUSION AND

RECOMMENDATIONS

IV. INTEGRATED MODEL FOR 

TREATING SEXUAL DYSFUNCTION

III. OTHER DYSFUNCTIONS

II. SUMMARY

I. INTEGRATED TREATMENTS : ED

J. THE SUCCESS OF INTEGRATED

TREATMENT FOR THE RESOLUTION

OF SEXUAL DYSFUNCTION : 

RESEARCH EVIDENCE

III. PSYCHOTHERAPY WITH 

PREMATURE EJACULATION

II. PSYCHOTHERAPY OF ERECTILE

DYSFUNCTION

I. SEXUAL DESIRE DISORDERS

I. PSYCHOLOGICAL TREATMENT OF

MALE SEXUAL DYSFUNCTION

I.TREATMENT OUTCOME FOR

FEMALE SEXUAL DYSFUNCTIONS

H. WOMEN’S SEXUAL COMPLAINTS

AND DYSFUNCTIONS : OVERVIEW

G. PSYCHOLOGICAL TREATMENT OF

SEXUAL DYSFUNCTIONS-GENERAL

FORMULATIONS

III. METHODOLOGICAL PROBLEMS IN

SEX THERAPY OUTCOME STUDIES

II. WHY IS THERE A PAUCITY OF

WELL-CONTROLLED SEX THERAPY

OUTCOME STUDIES

I. THE CHALLENGE OF OUTCOME

RESEARCH IN SEX THERAPY

F. HOW SUCCESSFUL ARE WE IN

CHANGING DYSFUNCTIONAL SEXUAL

BEHAVIOR ?

II. OTHER MAINTAINING FACTORS

I. PERFORMANCE ANXIETY

E. MAINTAINING FACTORS FOR

SEXUAL DYSFUNCTION

D. LOVE AND INTIMACY

IV. IMPLICATIONS AND

RECOMMENDATIONS

III. RELATIONSHIP DYNAMICS

II. SEXUAL DYSFUNCTION AND 

RELATIONSHIP VARIABLES

I. RELATIONSHIP DYNAMICS AND

HYPOACTIVE SEXUAL DESIRE

C. INTERPERSONAL

DIMENSIONS OF SEXUAL

FUNCTION AND DYSFUNCTION

IV. OTHER PRECIPITATING 

FACTORS FOR SEXUAL FUNCTION

AND DYSFUNCTION

III. OTHER PSYCHOPATHOLOGY AND

SEXUAL FUNCTION/ DYSFUNCTION

II. DEPRESSION AND SEXUAL

FUNCTION

I. THE ROLE OF ANXIETY IN SEXUAL

FUNCTION  AND DYSFUNCTION

B. PRECIPITATING FACTORS

I. PREDISPOSING, PRECIPITATING

AND MAINTAINING FACTORS

A. ETIOLOGICAL BACKGROUND OF

SEXUAL DYSFUNCTION

INTRODUCTION

74

CONTENTS



To most individuals, it seems obvious that psycholo-

gical and interpersonal factors play a major role in

both the etiology and maintenance of sexual prob-

lems. The ways in which love and affection are

expressed in one's family of origin, the unique and

sometimes traumatic sexual experiences one has 

growing up, the religious, cultural and societal mes-

sages one receives about sex from peers, teachers,

relatives and the ever-increasing impact of the media

on one's beliefs and behavior clearly play a role in

promoting sexual health or dysfunction. More signi-

ficantly, individual vulnerability to sexual disruption

stems from personality and constitutional/biological

dispositions to psychiatric and medical illness as

well as the ability to develop and sustain intimate

relationships.

This chapter will review the most significant psy-

chological and interpersonal dimensions contribu-

ting to sexual health. We will consider the predispo-

sing, precipitating, maintaining and contextual fac-

tors involved in sexual dysfunction as well as the

success of psychological treatment in the alleviation

of these disorders. Finally, we will recommend a

treatment model that offers a greater likelihood of

success- an integrated biopsychosocial model that

fully acknowledges the dynamic interplay between

our mind and bodies.

It must be noted at the outset that there is a dearth of

evidence-based studies in this area. The observations

concerning developmental factors impeding or faci-

litating sexual health are primarily theoretical, clini-

cal and anecdotal- with the emphasis on accounting

for dysfunctional rather than healthy sexuality. 

Finally, there is a paucity of well-controlled, large-

scale outcome research documenting the efficacy of

sex therapy.

1. THE INHERENT TENSION BETWEEN EVIDEN-

CED-BASED RESEARCH AND PSYCHOTHERAPY

There is an inherent tension between evidenced-

based medicine and the art and science of psycho-

therapy/sex therapy. Psychotherapy, as it is generally

practiced, is more relational, symbolic and dynamic

than other fields of healing. The relationship style

and personality of both the practitioner and the

patient contribute significantly to treatment outcome

as well as the therapeutic process itself. Other factors

that cannot readily be quantified or manualized and

contribute to positive outcome, include such things

as the placebo factors that enhance hope and expec-

tancy, extra-therapeutic factors such as client moti-

vation and chance events (e.g., meeting a new part-

ner), relationship comfort between client and thera-

pist and finally, the degree to which the model and

structure of therapy conform to the client's expecta-

tions [1]. 

Laboratory research is important, but does not easily

translate into clearly prescribed clinical interventions

that enhance sexual life. While we know that distrac-

ting thoughts usually interfere with sexual arousal, it

is not always obvious how to help clients re-focus on

a sexual situation when they experience performance

anxiety or negative thoughts. Sex therapy, in actual

practice, is usually an idiosyncratic blend of inter-

ventions and interpretations, utilizing behavioral,

relational, psychoanalytic and cognitive psychology

concepts. Evidenced-base medicine cannot fully cap-

ture the art of psychotherapy. Nonetheless, it may

help delineate the efficacy of specific clinical inter-

ventions.

2. DEFINITION OF SEXUAL THERAPY

Sex therapy is a specialized form of psychotherapy

that draws upon an array of technical interventions

known to effectively treat male and female sexual

dysfunctions (e.g., in the case of female anorgasmia,
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directed masturbation). Treatment may be conducted

in an individual, couples or group format depending

upon the initial problem and the motivation of both

partners. 

Psychosexual evaluation goes beyond traditional

psychological assessment to examine the patient's or

couple's sexual history, current sexual practices, rela-

tionship quality and history, emotional health and

contextual factors currently influencing their lives

(e.g., young children, chronic illness, financial

concerns, etc.). Usually, a thorough psychosexual

and developmental history is taken as well in order to

identify past experiences that may be contributing to

the presenting sexual or emotional problem (e.g.,

past sexual trauma ; an over-sexualizing parent). It is

important to assess all of the relevant medical and

biological factors that may also be contributory to

the development or maintenance of the current dif-

ficulty.

Sexual therapy techniques comprise behavioral/

cognitive interventions as well as psychodynamic,

systems relationship and educational interventions

(e.g., reading, videotapes, illustrations, anatomical

models). Effective comprehensive treatment may

involve collaboration with other specialists such as

urologists, gynecologists, endocrinologists, neurolo-

gists, or physical therapists. Individuals trained and

qualified as sex therapists may include physicians,

psychologists, social workers, nurses, marriage and

family therapists.

Sexual dysfunction is typically influenced by a 

variety of predisposing, precipitating and maintai-

ning factors [2] (Table 1). Predisposing factors inclu-

de both constitutional and prior life experiences that

contribute to a person's vulnerability for dysfunction.

Predisposing factors are quite varied and may inclu-

de a history of childhood or adult sexual abuse or

vio-lence, anatomical deformity, chronic illness, etc.

However, these factors alone are rarely sufficient to

create sexual dysfunction.

Precipitating factors include those more immediate

factors that can propel a person from adequate res-

ponse to dysfunctional response. They include such

things as separation or divorce, a humiliating sexual

experience, a mutilating surgery.

Finally, maintaining factors such as relationship

conflict, performance anxiety, lack of privacy or

medications may prolong and exacerbate problems,

irrespective of the original predisposing or precipi-

tating conditions. Maintaining factors also include

contextual factors that can interfere or interrupt

sexual activity, such as environmental constraints or

anger/resentment towards a partner. Each of these

domains contributes to both the individual's and the

couples' ability to sustain an active and satisfying

sexual life (Table 1).

I. PREDISPOSING, PRECIPITATING

AND MAINTAINING FACTORS

A. ETIOLOGICAL

BACKGROUND OF SEXUAL

DYSFUNCTION
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Table 1. Etiological Model for Understanding Sexual Func-

tion and Dysfunction

I. PREDISPOSING FACTORS

A. Constitutional Factors

1. Anatomical Deformities, e.g., intersex conditions

2. Hormonal Irregularities

3.Temperament, e.g., shyness vs. impulsivity; 

inhibition/excitation

4. Physical Resiliency 

5. Personality Traits, e.g., obsessive- compulsive vs. 

histrionic

B. Developmental Factors

1. Problematical attachment/experiences with parents or 

parental surrogates

2. Exposure to physical, sexual coercion, violence

3. Surgical intervention/medical illness

4. Event based or process-based trauma

5. Early sexual experiences, e.g., first intercourse

6. Sexual abuse

7. Religious/cultural messages, expectations, constraints

II. PRECIPITATING FACTORS (PARTIAL LIST ONLY)

l.  Life-stage stressors such as divorce, separation, loss of 

partner, infidelity, menopausal complaints

2. Infertility or post-partum experiences

3. Humiliating sexual encounters/experiences

4. Depression/anxiety

5. Relationship Discord 

6. Substance abuse

III. MAINTAINING FACTORS

1. Ongoing interpersonal conflict

2. Stress, emotional, occupational, personal

3. Acute/chronic illness/health problems

4. Medications, substance abuse

5. Loss of sexual self-confidence, performance anxiety

6. Body image concerns

IV. CONTEXTUAL FACTORS (PARTIAL LIST ONLY)

1.Environmental constraints- lack of privacy, time

2. Distractions due to work-related demands, children, etc. 



1. PREDISPOSING FACTORS - CONSTITUTIONAL

FACTORS

Constitutional factors are inborn biological and psy-

chological traits that influence sexual interest levels

and response tendencies. They may be created by

genomically-based anatomical, hormonal, vascular

and neurological characteristics. How constitutional

factors lead to variations in desire, arousal, orgasm

and pleasure from sex is not known with any preci-

sion, yet research suggests that each of these factors

can either enhance or impede later sexual perfor-

mance and satisfaction. 

2. PREDISPOSING FACTORS - DEVELOPMENTAL

AND FAMILY OF ORIGIN CONTRIBUTIONS

Psychological development is an on-going process

that begins before birth and continues throughout

life. Over time, individuals either develop, or fail to

develop, numerous sexual and interpersonal capaci-

ties, including the ability to love. The developmental

processes that organize healthy sexuality, while not

clearly understood, do not appear to be sexual per se.

The quality of attachments to parents, and the ability

of caretakers to identify and satisfy the child's needs

interact with constitutional and temperamental

forces to foster sexual comfort and identity [3]. In

fact, our understanding of sexual development is

conceptual and descriptive and is largely devoid of

sophisticated evidence-based studies.

a) Gender Identity Development

Each child develops a gender identity-that is, a sense

of self as either a boy or a girl and an increasing pre-

ference for play, dress, and peer companionship that

is perceived by adults as typical or atypical for a

child of that gender. Gender conformity throughout

childhood is an early developmental marker for ado-

lescent heterosexuality [4]. Childhood gender non-

conformity predicts adolescent and adult homo-

sexuality with greater accuracy in boys than it does

in girls [5]. Erotic fantasy often appears in the 10th

year of life in both genders [6]. These fantasies

reflect the formation of the child's gender identity,

sexual orientation and their preferred sexual "script"

e.g., what the individual wants to do with another

and what they want done to them [7]. Sexually aty-

pical adolescents may become gay or lesbian and in

extreme instances may be diagnosed as having a gen-

der identity disorder or a paraphilia (such as voyeu-

rism, exhibitionism, fetishism, sadism, masochism,

pedophilia) [8]. Although there is much speculation

about the specific developmental factors that 

organize children's gender identity, orientation, and

sexual scripts, research has been unable to clarify

these developmental processes precisely [9].

b) Trauma - Event and process based trauma

Two types of developmental factors are thought to

increase the likelihood of sexual dysfunction: event-

based trauma and process-based trauma (on-going

interactions or behaviors) with caregivers [10]. It is

reasonable to assume that the remote influences that

create sexual dysfunction during the adult years do

so by triggering old trauma/or anxiety-laden memo-

ries, which in the present, are experienced as sexual

anxiety. 

What follows are two examples of developmental

experiences that influence sexual behavior, the first

is an example of an event-based trauma, the second

of a process based, conflict.

If a 12-year-old girl is raped by a stranger, a decade

later when she participates in an entirely consensual

sexual intimacy, she may be too frightened to enjoy

her sexual experience. We label her childhood victi-

mization as a traumatic developmental factor contri-

buting to, or causing her adult sexual dysfunction.

The terror she experienced during the rape may not

have been sufficiently processed, understood or

resolved. She is not free to enjoy present-day desired

sexual experiences because of remnants from the

past trauma. 

A man avoids sexual intercourse with his wife 

because he prefers the “safety” of masturbation. Gro-

wing up, he experienced his mother as intrusive and

over-bearing. He recognizes the hostility he bears

toward his mother, but is unable to appreciate that his

avoidance of his wife is related to his inability to

psychologically separate his wife from his critical

mother. 

Most predisposing factors to sexual dysfunction are

not event-based. Rather, they are process-based,

typically involving the ongoing relationship with

one's caretakers. For instance, growing up with

parents who express no warmth, do not touch their

child affectionately, and refuse to acknowledge

his/her feelings can inhibit healthy intimate relation-

ships as an adult as well as undermine the child's

self-respect. Negative relationships in childhood

may delay or inhibit healthy adult sexual develop-

ment.

Clinicians elucidate the developmental factors that

predispose a patient to current sexual dysfunction on

a case-by-case basis. Our ideas tend to be based on
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retrospective patient self-reports [11] and are not

“evidence based”. Nonetheless they seem helpful in

illuminating both the patient's and clinician's unders-

tanding of the problem. Event and process based

trauma may explain what enables one person who

has suffered adverse circumstances such as unem-

ployment, marital conflict, an affair, to become dys-

functional while others under similar circumstances

do not.

c) Puberty 

Despite the long-held assumption that puberty pro-

vides the crucial trigger for the onset of sexual fee-

lings, more recent research suggests that it is the

maturation of the adrenal glands and secretion of

adrenal hormones around age 10 that appear to be

associated with the development of sexual attraction,

thoughts and emotions that get shaped by cultural

expectations of sexuality [12].

As their bodies are changing during adolescence,

boys and girls receive multiple cultural messages

about how men and women do (or should) express,

experience and mange their sexual feelings. Notions

of men as “naturally” sexually aggressive and

women as “naturally” passive may be socially rein-

forced with the consequence that both boys and girls

follow prescribed sociosexual scripts, i.e. men are

sexual initiators and women are sexual gate-keepers

[12]. Social pressures appear to have a more signifi-

cant influence in determining the sexual behavior of

young women than young men. In fact, women are

considered to be more “erotically plastic” than men

and hence to be more amenable to gender and sexual

cultural prohibitions and expectations [13]. This may

help explain why women tend to have a higher inci-

dence of sexual problems as adults than do men [14].

d) Impact and initiation of first intercourse

Udry and Billy [15] sampled 1400 caucasian adoles-

cent virgins and studied which hormonal and social

variables predicted the initiation of adolescents'

sexual activity. They found that for males, free tes-

tosterone level rather than social variables was cor-

related with the initiation of first coitus while for

females, hormones had no direct effect, but most of

the social variables did. These included their friends'

sexual activity, grades, deviance, religiosity, sexual

permissiveness, parents' education and locus of

control. 

In a qualitative study of adolescent girls' first inter-

course, Thompson [16] found that the majority of

girls in her research remembered their first coital

experience as painful and unpleasant.   In response,

many girls decided to postpone further intercourse

for one or more years. The girls who remembered

and interpreted the experience positively had

mothers who had talked to them about their sexuality

in positive ways, had encouraged them to pay atten-

tion to their own desire (or lack of it) and had socia-

lized them to expect satisfying sexual experiences.

While the relationship of negative first 

experiences to the development of later sexual pro-

blems has not been well researched, it is an area that

merits attention. Clinically, it is often reported that

traumatic or humiliating sexual initiation and coitus

may be associated with later sexual anxiety, aversion

and difficulties. 

3. SEXUAL ABUSE AND SEXUAL DYSFUNCTION

Definitions of sexual abuse vary considerably across

countries, cultures and research articles. Without

understanding the “meaning” of the behavior to the

individuals involved, its' putative impact on later

sexual function and dysfunction cannot be fully

appreciated. For instance, sibling “incest” may or

may not be considered normative, depending on the

cultural context.

In a well-conducted epidemiological study of sexual

well-being in sexually abused Swedish women,

Oberg, Fugl-Meyer and Fugl-Meyer [17] defined

abuse as forced situations or acts that were perceived

as sexual and 11 different abusive acts, ranging from

forced exhibition of one's genitals to vaginal inter-

course, were identified. The national representative

sample consisted of 1,335 Swedish women aged 18-

74. The main finding was that 12% of Swedish

women reported being abused at least once during

their lifetime with the most common types of abuse

being vaginal penetration and genital manipulation

by the perpetrator. About half of the abused women

had been abused more than once. Nearly all types of

sexual abuse were significantly associated with

orgasmic problems and the women who had expe-

rienced forced vaginal penetration, genital manipula-

tion, cunnilingus or being forced to perform fellatio

also had a lower level of sexual interest than non-vic-

tims of abuse. Fellatio and genital manipulation were

significantly associated with a higher prevalence of

vaginismus. Those who had been sexually victimi-

zed more than once had significantly lower levels of

sexual interest and anorgasmia than women who had

been abused only once. Moreover, 81% of the

women who had been abused more than once repor-

ted one dysfunction. Finally, sexually abused women
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had lower levels of sexual well-being than non-abu-

sed women.

In a recent follow-up study of the long-term impact

of childhood sexual abuse, 77 sexually abused and

89 comparison women (mean age = 20.41, SD =

3.38) were assessed 10 years after disclosure in a

longitudinal, prospective study [18]. It was found

that abused women were more preoccupied with sex,

younger at first voluntary intercourse, more likely to

have been teen mothers, and endorsed lower birth

control efficacy than comparison participants

The impact of sexual trauma on sexual function and

dysfunction in men has received relatively little

attention, and there is some inconsistency in the stu-

dies reported to date. Although studies comparing

the impact of victimization in men and women show

a greater effect in women [19, 20], negative conse-

quences have been found in men as well. In a ques-

tionnaire study of 301 men in a non-clinical sample,

sexual victimization, sexual abuse and dysfunctional

family background were predictive of premature eja-

culation and sexual desire disorder. However, long

lasting adverse familial relationships had a greater

impact on these disorders than sexual abuse per se

[21]. Methodological factors that may affect outco-

me in these studies have included the definition of

sexual abuse [22], whether or not an age discrepancy

between offender and victim is required in defining

childhood abuse [23], and whether sexual abuse has

occurred as a single incident or as repeated victimi-

zation [24].

Sexual abuse is considered a salient risk factor for

later adult sexual dysfunction, increased prevalence

of high- risk sexual behavior and increased adult

psychopathology [25, 26]. For instance, a recent

study [27] of 1490 women revealed that one-third

were survivors of sexual abuse involving penetra-

tion. Overall, regression analysis indicated a signifi-

cant relationship between early sexual abuse and

later participation in risky sexual behavior as an

adult. The earlier that the abuse occurred, the greater

impact it had on the likelihood of engaging in adult

risk-taking sexual behaviors. Since child and adoles-

cent sexual abuse is a global phenomenon with equal

incidence reported in such diverse countries as Bra-

zil, Chile, Mexico, Israel, Palestine, Sierra Leone,

South Africa, Sweden and Switzerland, it is impor-

tant to screen for its presence during the initial eva-

luation of both men and women [26, 28-32]. Obser-

ving or being the recipient of physical violence

during childhood is another risk factor for sexual

dysfunction. It has been related to a heightened 

neurophysiological response to perceived threat

(startle response), disruption of trust, and impair-

ment in self-esteem and personal autonomy [33]. Not

only do many young people live with violence in

intimate relationships, but youth everywhere are

exposed to media images of violent situations in

which people abuse power and control. These early

experiences may predispose individuals to later 

difficulties with intimate relationships [34].

For example, in a study of 409 women with a past

history of sexual coercion and physical partner

abuse, Goldberg [35] found that 37% of the sample

suffered from chronic and troubling dyspareunia and

75% reported various sexual dysfunctions. Notably,

only a small number of women had ever discussed

these concerns with their physician [36].

4. BODY IMAGE AND SEXUAL FUNCTION

Body image appears to be an important factor contri-

buting to sexual self-confidence for both men and

women. It may function as a predisposing, precipita-

ting or even maintaining factor for the development

of sexual difficulties since it impacts both early

experiences, e.g., of being teased, and later sexual

experiences with partners.

Men tend to worry about penis size while women

tend to worry about body shape and weight. Many

women are sexually self-conscious and many avoid

sex when they feel overweight or physically undesi-

rable. Often, these feelings are not based on 

objective fact, but rather rigid (Western) standards,

culturally imposed, about the importance of being

young, thin and beautiful. There is little empirical

research examining the degree to which an excessive

focus on body image interferes with, or contributes

to sexual dysfunction, per se, but clinical observa-

tions suggest that these preoccupations serve as a

distraction during sexual exchange.

Faith and Schare [37] examined the relationship bet-

ween excessive self-focus on bodily appearance and

sexual function. They found that negative body

image was related to lower levels of sexual expe-

rience when sexual attitudes and knowledge as well

as global psychological adjustment were held

constant. This was an observational study using mea-

sures of general body image and sexual experience

rather than a well-controlled study.

It should be noted that cultural standards of female

beauty and desirability vary considerably cross-cul-

turally. While thinness is socially valued in Western

countries, more full-bodied women are considered
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sexually desirable in other regions of the world.

Comfort and self-acceptance with one's body, irres-

pective of the degree to which it mirrors cultural 

stereotypes, is believed to be a salient contributory

factor to overall sexual health and function.

5. VULNERABILITY AND RISK FACTORS

INFLUENCING SEXUAL HEALTH & DYSFUNC-

TION

Space does not permit a thorough inventory of all of

the many constitutional and developmental factors

that may predispose an individual to later sexual pro-

blems. Suffice it to say that an individual's vulnera-

bility to later sexual dysfunction is determined by the

ratio of risk vs. protective factors as well as their per-

sonal resiliency. In general, one's vulnerability to

sexual dysfunction is increased by having more risk

factors lasting for longer periods accompanied by

greater coercisiveness than a single negative or trau-

matic episode [38].

Resiliency is a psychological attribute that describes

the individual's ability to cope with significant

adversity or stress in ways that are not only effec-

tive, but result in their enhanced ability to confront

and master future adversity [39]. When stress factors

are greater than the individual's protective factors,

then even resilient individuals may be overwhelmed

and develop sexual problems.

Recent advances in immunology and neuroscience

are elucidating the links between emotions and

disease, between the brain and the immune system,

and the mind and body. “With sophisticated new

genetic and mathematical modeling techniques, we

can determine what part of our stress responsiveness

we are born with, and how much is under environ-

mental control. These sorts of theories will help us

understand not only the reasons for individual diffe-

rences in stress responsiveness, but will also point

the way to develop new behavioral strategies that can

change the set point of different individual's stress

responses” [40].

6. SUMMARY OF IMPACT OF PREDISPOSING

CONDITIONS ON SEXUAL DYSFUNCTION

Negative developmental experiences such as proble-

matic attachments, neglectful or critical parents, res-

trictive upbringing, sexual and physical abuse and

violence, traumatic early sexual experiences as well

as a variety of constitutional vulnerabilities are asso-

ciated with a greater prevalence of sexual dysfunc-

tions and difficulties in adult life.  While some

individuals appear less vulnerable and more resilient

in the face of stressors, others are more susceptible.

More research is needed on factors that increase per-

sonal resiliency and contribute to the development of

healthy sexuality.

Precipitating factors are those that trigger sexual 

problems. For any single individual, it is impossible

to predict which factors under what circumstances

may impair sexual desire or performance. Nonethe-

less, an individual's vulnerability to a particular set

of circumstances can precipitate sexual dysfunction.

For instance, suffering humiliation from one's spou-

se may cause one man to lose his erection while ano-

ther man may be unaffected. Similarly, in response to

the discovery of a partner's infidelity, one woman

may lose sexual desire while another may become

more sexually driven. While initially a precipitating

event may be problematic and distressing, it need not

necessarily lead to a diagnosable dysfunction long

term. However, repetitive problematic sexual 

experiences damage self-confidence and ultimately

are pathonomic for sexual dysfunction, even in 

reasonably resilient individuals.

Often, there is not a clear distinction between either

predisposing and precipitating factors or precipita-

ting and maintaining factors. As a predisposing fac-

tor, anxiety can increase an individual's vulnerability

to sexual dysfunction. It can also serve as a maintai-

ning factor leading to sexual avoidance or arousal

inhibition. The following sections provide a review

of the relationships between anxiety, depression and

sexual dysfunction. It should be noted that the litera-

ture is based on two research methodologies:

controlled laboratory investigations involving expe-

rimental manipulation and more qualitative clinical

samples of individuals who have been diagnosed

with anxiety or depression. Both approaches are use-

ful in helping identify the possible mechanisms

involved in the development and maintenance of

sexual problems. 

Anxiety played a significant role in early psycho-

dynamic formulations of sexual dysfunction and

later became the foundation for the etiological

concepts of sex therapy established by Masters and

I. THE ROLE OF ANXIETY IN

SEXUAL FUNCTION AND

DYSFUNCTION

B. PRECIPITATING FACTORS
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Johnson [41] and Helen Kaplan [42]. Kaplan belie-

ved that sexually related anxiety became the 'final'

common pathway through which multiple psychopa-

thogens led to sexual dysfunction.

1. RESEARCH STUDIES ON ANXIETY AND

SEXUAL FUNCTION

The role of anxiety as a key etiological agent in the

genesis of sexual disorders has been examined in

several clinical studies as shown in Table 2. A

review by Norton & Jehu [43] reported high levels of

anxiety in sexually dysfunctional individuals [44-

51], which varied in amount and quality. Some stu-

dies found higher levels of sexually related anxiety,

but no differences in social or general anxiety [48,

49, 52, 53].

a) Anxiety and Female Sexual Dysfunction

The relationship between anxiety levels and female

sexual dysfunction has not been extensively studied.

While most of the existing research has focused on

anxiety in women with diagnosed sexual dysfunc-

tion, other research has studied the incidence of

sexual difficulties in women with anxiety disorders

compared to non-anxious women.

Murphy & Sullivan [54] compared sexually aversive

women to sexually functional women and found that

the aversive group experienced heightened levels of

'acute' anxiety related both to sexual and non-sexual

spheres. In addition, the sexually aversive women

reported difficulty with identity, self-acceptance and

feelings of inadequacy in most psychosocial areas.

Kaplan [55, 56] believed that performance anxiety

was the critical element in sexual avoidance, which

reached panic proportions for some individuals. She

reported that a significant number of “sexaphobic”

patients had a dual diagnosis of sexual and panic

disorder. In fact, women with panic disorder have

been found to have lower sexual desire than healthy

controls [57].

Campillo et al. [58] compared anxiety and depression

levels in women with and without sexual disorders

and found higher levels of trait anxiety and depression

in the sexually dysfunctional women. Trudel et al.

[59] examined the role of anxiety, depression and

marital adjustment in 20 couples with low desire in

one or both partners. The results indicated that the

sexually dysfunctional subjects had low levels of

depressive mood but moderate levels of anxiety.

b) Anxiety and male sexual dysfunction

Feil and Richter-Appelt [53] compared beliefs and

anxiety in ED patients and sexually functional men

and found that men with ED reported a significantly

higher degree of sexual anxiety but no difference in

general or social anxiety. In addition, the subjective

feeling of efficacy and personal competency was

lower in the ED group.

In another study [60], 41 ED-patients completed the

State-Trait-Anxiety-Index (STAI) and the Internatio-

nal Index of Erectile Functioning (IIEF). The 

majority of men had high levels of state anxiety as

well as trait anxiety, but only trait anxiety correlated

statistically with the severity of the erectile disorder.

The authors concluded that anxiety as a personality

factor could act either as an etiological substrate of

ED or as a precipitant for this dysfunction. 

With the same questionnaire, Mas et al.[61] exami-

ned the influence of personality factors on the 

erectile response to intracavernosal injections in 78

patients. When controlling for the severity of the ED

through IIEF-scores, trait anxiety proved to be a

highly significant predictor of injection efficacy. 

c) Summary : Anxiety in sexually dysfunctional

men and women

From these results it can be concluded that the majo-

rity of sexually dysfunctional individuals exhibit

heightened levels of anxiety suggesting a central role

of anxiety in the subjective experience and mainte-

nance of sexual disorders. While some studies high-

light the significance of anxiety as a trait or stable

personality factor, others have indicated that elevated

anxiety levels are confined to the sexual sphere. Cor-

relational evidence exists for the relationship 

between ED and anxiety.  However, this does not

imply causality.

2. THEORETICAL EXPLANATIONS OF HOW

ANXIETY INTERFERES WITH SEXUAL PER-

FORMANCE

The central role of anxiety reported by sex therapists

has been challenged by a number of sophisticated

laboratory studies aimed at unraveling the sequence

of cognitive-affective processes during sexual arou-

sal in dysfunctional and functional men and, to a 

lesser extent, women. In these studies, anxiety is

induced either by shock threat or by performance

demand, sometimes combined with a special distrac-

tion condition. Sexual arousal is assessed with 

psychophysiological (penile tumescence or vaginal

photoplethysmography) and subjective (lever, 

questionnaires, rating scales) measures. Special

attention is paid to differences between sexually

functional and dysfunctional subjects. Subsequent
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studies also examined the role of sympathetic activa-

tion (SNS activation) such as exercise or other condi-

tions.

Laboratory data indicate that the sexual arousal pro-

cess operates differently for sexually functional and

dysfunctional subjects [62]. Contrary to the clinical

studies' findings for an inhibition effect of anxiety,

the laboratory evidence indicated that anxiety (as

induced in the lab setting) either facilitates or does

not affect sexual arousal in functional subjects. The

evidence for sexually dysfunctional subjects is

mixed.

Barlow [63] has offered a theoretical model explai-

ning why anxiety may operate differentially in func-

tional vs. dysfunctional individuals. His model

emphasizes the role of cognitive interference in male

sexual dysfunction. In general, what appears to dis-

tinguish functional from dysfunctional responding is

a difference in selective attention and distractibility.

What sex therapists consider performance demand,

fear of inadequacy or spectatoring are all forms of

situation-specific, task-irrelevant, cognitive activi-

ties which distract dysfunctional individuals from

task-relevant processing of stimuli in a sexual

context [64].

In summary, the cognitive-information processing

models of sexual anxiety assert that sexual arousal is

dependent upon 'task-relevant' processing of a sexual

stimulus. In sexually dysfunctional subjects, sexual

stimuli induce a performance demand, which in turn

leads to a shift of attentional focus away from the

sexual content of a situation, inhibiting arousal. 

Lab studies show that subjective and physiological

sexual responses are influenced by different mecha-

nisms. Anxiety influences genital responses, but not

subjective responses. Attentional focus seems

influential in cognitive processing [65].

a) The laboratory evidence for women

For women, the relationship between anxiety and

sexual performance can be summarized as follows:

Activation of the sympathetic nervous system (inclu-

ding anxiety provoking stimuli) facilitates genital

sexual arousal in sexually functional women and in

women with low sexual desire (but not in women

with orgasmic disorder) [66-71]. Overall, the 

evidence for the role of anxiety in sexually dysfunc-

tional women is mixed, with the suggestion that it is

more negative than facilitory [72].

The table below summarizes the significant clinical

implications of anxiety as it relates to sexual beha-

vior (Table 3).

3. IMPLICATIONS

The laboratory studies on the relationship between

anxiety, distraction, general sympathetic activation

and sexual response have convincingly shown that

anxiety is not universally disruptive to sexual func-

tioning. In addition, results indicate that the anxiety -

sexual response relationship is complex and that the

term 'anxiety' is too broad for comprehensively des-

cribing the variety of factors that can disrupt sexual

arousal and functioning. The available evidence indi-

cates that the level and the nature of anxiety and its

history are important determinants. Whereas mode-

rate levels and relatively “safe” settings may 

catalyze sexual arousal, higher levels, less feelings of

personal control or a longer history of anxiety very

likely impair sexual functioning [57]. 

The relationship between depression and sexual

functioning is of considerable interest to clinicians

and researchers since both affective and sexual disor-

ders are highly prevalent, are believed to exhibit a

marked co-morbidity and might even share a com-

mon etiology [74, 75]. It is generally agreed that the

relationship between depressive mood and sexual

dysfunction is bi-directional and further complicated

by the sexual side effects of antidepressants [76].

1. DEPRESSION AND HYPOACTIVE SEXUAL

DESIRE

The most common sexual pattern associated with

II. DEPRESSION AND

SEXUAL FUNCTION
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Table 3.  Clinical Aspects of Sexual Anxiety

- Sexual anxiety can be either conscious or unconscious

(automatic)

- Sexual anxiety can manifest itself in:

• Fear of performance failure (performance anxiety)

• Fear of the threats unconsciously associated with sexual

performance 

- Sexual activity can lead to:

• Functional or dysfunctional defense mechanisms

• Sudden and acute anxiety attacks (failure of defense)

• Fear of the fear

• Lack of sexual desire or impairment of sexual arousal

(when the perceived threats are too powerful)

• Avoidance behavior and /or depressive resignation

(when there is no more sense of control of hope of mas-

tering the situation)



depression is loss or reduction of sexual interest

and/or sexual arousal. Beck [77] found low sexual

interest in 61% of severe depressives compared with

27% of non-depressed controls. In two landmark stu-

dies, Derogatis et al. [78] and Schreiner-Engel and

Schiavi [79] examined the prevalence of acute psy-

chiatric symptoms and lifetime psychopathology in

men and women with different sexual dysfunctions.

Derogatis conducted a psychiatric interview and

administered the SCL-90R to a sample of 325

patients (199 men and 126 women). Men with erec-

tile dysfunction (ED) had specific elevations on the

depression dimension of the SCL-90R. Similarly,

anorgasmic women and women with sexual pain

disorders also had major elevations of the SCL-90R

depression scale reflecting dysthymia and feelings of

self-depreciation.  

Schreiner-Engel & Schiavi [79] studied the lifetime

history of psychopathology in patients presenting

with desire disorders. Forty-six subjects (22 men and

24 women) were compared with 36 matched

controls, utilizing clinical interviews, SCL-90-R and

an instrument assessing lifetime affective and schi-

zophrenic disorders. Although none of the patients

manifested any clinical affective disorder at the time

of assessment, the proportion of low desire patients

with histories of major and intermittent depression

was almost twice as high as that of control subjects.

Moreover, in 88% of the men and 100% of the

women, the initial depressive episode almost always

preceded or coincided with the development of inhi-

bited sexual desire. Schreiner-Engel and Schiavi

suggested that a past history of depression may

contribute to the pathogenesis of low desire or that

both disorders result from the same underlying

condition.

One of the most recent and intriguing studies looking

at the relationship between depression and sexual

function in women was that of Frohlich and Meston

[80]. These researchers studied 47 college women

with low Beck Depression Inventory scores and

compared them to 47 women with clinically signifi-

cant BDI scores. Results showed that the depressed

group reported more desire for solitary sexual activi-

ty, e.g., masturbation than did the control group but

no difference in the two depression groups in desire

for sex with a partner. The depressed group reported

a higher frequency of problems with arousal, orgasm

and pain, less satisfaction, and less pleasure.  The

authors speculated that greater desire for masturba-

tion in the depressed womens' group might reflect

the wish for a reliable form of pleasure. It remains to

be established whether similar results would be

obtained with a population of male students.

Table 4 provides an overview of the studies that have

been conducted looking at sexual dysfunction and

depression in women (Table 4).

2. DEPRESSION AND ERECTILE DYSFUNCTION

More recent studies on the role of depression in

sexual disorders have concentrated solely on men

with erectile dysfunctions. Data from the Massachu-

setts Male Aging Study [81] showed that depression

and anger were highly correlated with ED. Nearly all

men with symptoms of major depressive disorder

(MDD) had some degree of ED [82]. Based on logis-

tic regression analyses that controlled for other

potential predictors of ED, moderate-to-complete

ED was 1.82 times more likely in those who exhibi-

ted depressive symptoms compared to those who did

not.

Shabsigh et al. [83] studied 120 men who presented

to a urologic clinic with ED, benign prostatic hyper-

plasia (BPH), or both. Rates of depression in the ED

group, the ED and BPH group and the BPH group

alone were respectively 54%, 56% and 21%. Patients

with ED and depression were more likely to discon-

tinue (intracavernosal injection or vacuum) treat-

ment than ED patients without depressive symptoms.

In a later review, Shabsigh et al. [85] stressed that

both conditions have a significant negative impact on

the quality of life of patients and their partners. 

Strand et al [84] screened a cohort of 120 men who

sought evaluation at a sexual behaviors clinic for

depressive symptoms which were determined either

categorically (DSM-IV diagnosis of depressive

disorder: yes or no) or dimensionally as individual

scores on the Brief Symptom Inventory (BSI). Utili-

zing DSM-IV criteria for depression, only a small,

but by no means insignificant, subset of men (12%)

qualified for a diagnosis of depressive disorder, but

when distress was measured dimensionally, the

group demonstrated significantly elevated levels

among all dimensions, including depression. These

results indicate high levels of emotional distress in

ED patients similar to those found by Derogatis et al

[78].

Seidman [86] suggested that ED and the accom-

panying psychosocial distress may stimulate the

development of depressive illness in vulnerable indi-

viduals, or that depression might cause ED. He also

postulated a third, as yet unknown factor might be

responsible for the genesis of the ED and depression.
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3. COUNTRY-WIDE STUDY OF DEPRESSION AND

SEXUAL DYSFUNCTION

Finally, the results of a large-scale study of 4557

depressed patients in France found high rates of

sexual dysfunction. Patients with DSM-IV major

depressive episodes but no previous diagnosis of

sexual dysfunction were studied. Evaluation inclu-

ded both questionnaire (the Arizona Sexual Expe-

rience Scale) and physician observation. Overall, the

researchers found that 35% of the Ss spontaneously

reported sexual problems and 69% indicated 

problems when asked by the physician. The frequen-

cy of sexual dysfunction was higher in patients trea-

ted with antidepressants than in untreated patients

(71% and 65% respectively).

4. SUMMARY

In summary, the empirical evidence confirms a pro-

minent role of depression in sexual dysfunction.

While the exact direction of causality is difficult to

ascertain, the data not only indicate a close correla-

tional relationship between depression and sexual

disorders but also support a functional significance of

mood disorders in causing and maintaining sexual

dysfunction. 

Compared to functional controls, sexually dysfunctio-

nal men and women exhibit both higher levels of

acute depressive symptoms and a markedly higher

lifetime prevalence of affective disorders.

All of the studies reported have been at levels 3, 4, and

5 of evidence and consequently, more randomized

controlled research is needed. The following recom-

mendations are indicated, based on the available data.

a) Recommendations

Assessment of anxiety and depression should be

included as part of the initial evaluation in indivi-

duals presenting with sexual complaints and dys-

functions.

An attempt should be made to ascertain whether the

anxiety/depression is a consequence or a cause of the

sexual complaint. If a pre-existing acute depression

exists, it should be treated along with the sexual 

problem. Some research suggests that relief of the

sexual problem is associated with relief of depres-

sion [87]. 

The role of anti-depressants and anti-anxiety medi-

cations as contributory factors to the sexual dysfunc-

tion should be evaluated and if implicated, changes

in medications may be indicated.

1. OBSESSIVE-COMPULSIVE DISORDERS AND

SEXUAL DYSFUNCTION

There are a few reports examining the association

between obsessive-compulsive disorder (OCD) and

sexual dysfunction. Independent studies [88-91] sug-

gest that approximately 50% of individuals with

OCD report sexual problems and that between 60%

to 73% are dissatisfied with their sexual lives. 

While Van Minnen & Kampman [57] believe that

OCD develops as a reaction to severe sexual

conflicts within the patients or in their family of 

origin, Staebler et al [91] did not find any differences

in the sexual history of OCD patients or patients with

panic or depressive disorders. 

A variety of research studies suggest that OCD may

be a specific risk factor for sexual difficulties. For

instance, in a descriptive study of 44 OCD patients,

Rasmussen & Tsuang [90] reported that 32% had

sexual impulses that conflicted with their values. In

a comparable study, 36% of the sample patients had

sexual obsessions [88]. 

2. HISTRIONIC PERSONALITY DISORDERS AND

SEXUAL DYSFUNCTION

There is a marked lack of research regarding the

sexual attitudes, behavior, and relationships of

patients with histrionic personality disorders. 

Apt & Hurlbert [92] compared a sample of women

with histrionic personality disorder (HPD) with a

matched sample of controls (aged 24-31 years).

Women with HPD were found to have significantly

lower sexual assertiveness, greater erotophobic atti-

tudes toward sex, lower self-esteem, and greater

marital dissatisfaction. They also had significantly

greater sexual preoccupations, lower sexual desire,

more sexual boredom, greater orgasmic dysfunction,

and were more likely to enter into an extramarital

affair. Apt and Hurlbert concluded that, although

these patients are inordinately concerned with their

physical attractiveness and sexual appeal, their

sexual behavior varies widely and tends to run the

gamut from unresponsive to promiscuous.

3. BORDERLINE PERSONALITY DISORDER AND

SEXUAL DYSFUNCTION

Similar to the study above, Hurlbert [93] found that

III. OTHER PSYCHOPATHOLOGY

AND SEXUAL FUNCTION/

DYSFUNCTION
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women with borderline personality disorders showed

higher sexual self-esteem and sexual assertiveness

when compared to controls, but also a greater likeli-

hood of having extra-marital affairs. Sensation see-

king, often associated with narcissistic personality

disorders, has been associated with increased sexual

desire and arousability but is not associated with

marital/sexual satisfaction [92].

4. SUMMARY : SEXUAL DYSFUNCTION IN

OBSESSIVE-COMPULSIVE, BORDERLINE AND

HISTRIONIC PERSONALITY DISORDERS

It appears that personality disorders are often asso-

ciated with difficulties in intimacy, sexual desire, and

pair-bonding. However, the empirical evidence is too

scant to draw conclusions regarding causal relation-

ships between any specific personality disorder and

any sexual dysfunction.

Overall, the literature review suggests that sexual dys-

function in general is not associated with severe psy-

chological disorders. On the other hand, the available

information consistently indicates higher levels of

psychological distress and a substantial overlap with

symptoms of mental disorders in sexually dysfunctio-

nal patient samples. The problems most often identi-

fied in sexually dysfunctional individuals are mood

and anxiety disorders, deficits in self-esteem and self-

regulation with some studies indicating that women

are more affected by these factors than men. 

However, conclusions based on the data available

today are seriously limited on methodological

grounds. A wide array of heterogeneous instruments

ranging from unvalidated global measures of psycho-

pathology to more refined and validated instruments

including interviews were used to  establish diagnos-

tic criteria. In addition, in some studies, mixed dia-

gnostic groups and small samples were used while

others did not employ matched control groups. 

In addition to the disorders described above, there

are a wide array of precipitating factors that may “tip

the balance” from satisfactory sexual function to

dysfunction. Among these factors (but by no means

all) are life stage stressors such as childbirth, inferti-

lity, divorce or loss, unemployment, extra-relation-

ship affairs, humiliating or traumatic sexual expe-

riences, partner sexual inadequacy or clumsiness and

most significantly, relationship discord. Space limi-

tations preclude a discussion of all of these factors,

so we will focus on the most important, namely

interpersonal and relationship contributions.

Clinically, it has been observed that sexual problems

are sometimes the cause and sometimes the result of

dysfunctional or unsatisfactory relationships. These

observations generally stem from clinical data rather

than controlled research with community samples.

Often, it is difficult to determine which came first- a

non-intimate and non-loving relationship, or sexual

desire and/or performance problems leading to part-

ner avoidance and antipathy. The research literature

is conflicting, and often difficult to interpret since

couples begin therapy with varying degrees of rela-

tionship satisfaction or dissatisfaction. An early

study found that sexual and relationship satisfaction

were independent domains [94]. Heiman, et. al. [94]

reported that sexual satisfaction remained intact in a

non-clinical sample of 110 couples even when a

sexual dysfunction was present, although the majori-

ty of the research literature shows a correlation 

between sexual problems and relationship problems.

The preponderance of studies examining the impact

of interpersonal issues on sexual function is of the

case report variety rather than randomized controls

trials, limiting the generalizations that may be drawn. 

Hypoactive sexual desire disorder is one of the most

perplexing, prevalent and etiologically complex of

all the sexual dysfunctions. It is generally found to

be more common in women than in men [95-97], and

it is often confounded with arousal and erectile pro-

blems, making it difficult to determine the primary

diagnosis. There is a considerable overlap between

desire, arousal, and orgasmic difficulties for both

men and women.

Interpersonal factors are frequently cited as one of

I. RELATIONSHIP DYNAMICS AND

HYPOACTIVE SEXUAL DESIRE

C. INTERPERSONAL

DIMENSIONS OF SEXUAL

FUNCTION AND 

DYSFUNCTION

IV. OTHER PRECIPITATING 

FACTORS FOR SEXUAL FUNCTION

AND DYSFUNCTION
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the causal determinants of low sexual desire. Social-

developmental theories e.g., Scharff's [98] object

relations perspective; differentiation theories, e.g.,

Schnarch [99] and cognitive behavioral theories,

e.g., Pridal & LoPiccolo [100] address the role of

relationship factors as either inhibiting or facilitating

the experience of sexual desire. 

Most theories describe HSDD as emerging from an

interaction between individual and dyadic characte-

ristics. Notable examples are Talmadge and 

Talmadge's [101] relational model and Rosen and

Leiblum's [102] sexual scripting paradigm. Zilber-

geld and Ellison [103] and others [99] have theorized

that sexual dysfunction, particularly HSDD, serve as

a “distance regulator” in a relationship. If a couple is

fearful that too much intimacy will lead to fusion and

lack of individual differentiation, one or both part-

ners may attempt to create distance, often through

sexual apathy. Even approaches that do not view

relationship issues as central to sexual desire reco-

gnize the role of the current relationship in maintai-

ning the individual determinants of the disorder

[104].

It is generally agreed that, at the very least, the

cooperation of the partner without HSDD is essential

for the successful treatment of desire disorders [73,

105]. In fact, 73% of surveyed physicians endorse

the belief that sex therapy or psychotherapy with

both members of the couple is the best form of treat-

ment for most cases of inhibited sexual desire [106].

Further, there is empirical evidence indicating that

sex therapy with the couple is more efficacious than

treating the HSDD patient alone [107], that combi-

ned marital and sex therapy approaches are more

efficacious than sex therapy alone for couples with

HSDD [108], and that women with HSDD show

modest improvement in desire and other aspects of

sexual functioning following brief marital therapy

[109]. 

There is research supporting the observation that low

sexual desire is associated with lower levels of rela-

tionship satisfaction and adjustment, both for indivi-

duals with low desire and their partners [110].  For

example, couples with HSDD have poorer levels of

dyadic adjustment than couples without HSDD [111].

Similarly, Trudel, Landry and Larose [59] found that

compared to controls, couples in which one partner

was diagnosed with HSDD obtained lower adjustment

scores on the Marital Happiness Scale.

A recent large scale health and sexuality survey of

2050 pre-, peri-, and postmenopausal women bet-

ween the ages of 20-70 found that those women who

reported lowered levels of sexual desire also reported

more relationship dissatisfaction, lower frequencies

of sexual activity, fewer orgasms and more distress

[112].

McCabe [113] observed that individuals with HSDD

reported lower levels of intimacy and lower satisfac-

tion with the quality of the intimacy in their lives

than controls. Davies et al., [114] examined discre-

pancies between partners' levels of sexual desire, and

found that for both husbands and wives, individuals

who felt that there was discrepancy between their

own and their partner's desire reported lower rela-

tionship satisfaction.

1. REDUCED SEXUAL FREQUENCY WITH RELA-

TIONSHIP DURATION

In stable long-term relationships, sexual frequency

declines over time, although satisfaction may conti-

nue to remain high. Even among young adults,

sexual frequency declines over time. Klusmann

[115], for example, reported changes in sexual

interest in students between 19 and 32 years of age

who were in “steady partnerships”. He found that

both sexual activity and sexual satisfaction declined

over time, but that desire decreased only in women.

Desire for tenderness decreased in men, but increa-

sed in women, over that period. 

There are methodological problems associated with

most of the research exploring the interaction bet-

ween sexual and relationship function and satisfac-

tion. Many of the studies consist of small, non-

representative samples, lack a no-treatment control

group, provide inadequate assessment of the specific

sexual dysfunction(s) and fail to adequately assess

the couple's relationship. More significantly, it is dif-

ficult to determine to what extent the sexual com-

plaints led to lower relationship satisfaction or the

conflict in the relationship resulted in poorer sexual

function and satisfaction. Finally, the reported asso-

ciation between relationship maladjustment and

sexual dysfunction is confounded in studies of “clini-

cal populations” rather than population-based studies.

McCabe and Cobain [116] found that global deficits

in the current relationship were more likely to occur

among sexually dysfunctional women than sexually

functional women, but found no differences between

II. SEXUAL DYSFUNCTION AND

RELATIONSHIP VARIABLES
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the two groups in communication or number of argu-

ments. These authors believe that women who are in

poor relationships may express their lack of relation-

ship satisfaction by avoiding sexual interactions and

restricting their range of sexual experience and inti-

macy. Among men, however, relationship problems

did not appear significantly related to sexual dys-

function but the level of arguments did. Men with

HSDD evidenced more difficulties than non-HSDD

men in their level of relationship functioning by

demonstrating increased arguments and lower sexual

satisfaction. Donahey and Carroll [117] reported

similar findings : female clients with HSDD demon-

strated lower levels of relationship satisfaction than

male clients with HSDD.

Roffe and Britt [118] found evidence for high levels

of hostility among couples seeking sex therapy. They

also found that lack of expressiveness and low levels

of affection within the relationship contributed to

sexual dysfunction. 

Wiederman [119] suggests that treatment focused

solely on the sexual dysfunction is likely to fail if the

underlying relationship dynamics are ignored. He

maintains that without treating the problematic 

relationship, enhanced sexual function is likely to be

temporary, or that other psychological symptoms in

one or both partners will develop in order to maintain

homeostasis. At present, there is no empirical 

research to either support or refute this view.

1. THE IMPACT OF RELATIONSHIP THERAPY ON

SEXUAL DYSFUNCTION

In a comprehensive review of treatments for sexual

dysfunction, Besharat [120] highlighted the impor-

tance of communication and conflict resolution stra-

tegies as well as resolution of systemic issues in the

relationship. While there are conflicting findings, the

preponderance of evidence suggests that therapy,

which specifically addresses relationship issues, will

be more successful than therapy that only focuses on

the resolution of the sexual dysfunction.

Stravynski et al. [121] conducted a study to deter-

mine if treatment outcome differed depending upon

whether therapy focused on sexual problems, inter-

personal issues, or a combination of both. The results

demonstrated that a focus on the interpersonal was

more effective than the other two treatments.

Although the combined treatment was more effec-

tive at post-therapy and at six months follow- up than

the interpersonal therapy, by the one-year follow- up

there were no differences between the levels of

sexual dysfunction for these two groups. This fin-

ding would suggest that, in the long-term, the most

important focus of therapy for sexual dysfunction is

on developing interpersonal skills and resolving rela-

tionship problems. 

The existing research supports the observation that

the quality of the relationship plays an important role

in the outcome of sex therapy [122]. Kilmann et al.

[123] also found that relationship adjustment was the

strongest predictor of a successful treatment outco-

me among men with erectile dysfunction. Similar

findings were obtained among sexually dysfunctio-

nal women [124]. 

In contrast to the above findings, Hawton, Catalan,

and Fagg [125] found that the quality of the couples'

relationship was not related to successful treatment

outcome for women presenting with low sexual 

desire. The most important predictor of success was

the male partner's motivation to obtain a successful

outcome at the beginning of therapy.

The role of the partner in the treatment outcome of

sexually dysfunctional couples is clearly illustrated

in a study by Hirst and Watson [126]. These authors

found that good outcomes following treatment were

obtained for dysfunctional individuals without part-

ners, or for those individuals whose partners agreed

to participate in therapy, whereas substantially 

poorer outcomes were obtained for those individuals

whose partners did not participate in treatment.

In a series of case studies, Leiblum [127] and Althof

[128] both found that although oral medication (e.g.,

sildenafil citrate) may assist a man in obtaining an

erection, the use of this intervention was unlikely to

lead to a satisfying sexual relationship unless rela-

tionship issues are also addressed. These issues

include feelings of insecurity that develop as a result

of the sexual dysfunction, as well as anger and disap-

pointment. Returning to an active sexual life after an

extended period of sexual abstinence requires more

than medication alone. Leiblum [127] and Althof

[128] highlighted the importance of obtaining a tho-

rough assessment and treatment of both the interper-

sonal and sexual relationship as well as included the

partner, where possible, in the therapy process

(Table 5). 

III. RELATIONSHIP DYNAMICS
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While the evidence is not conclusive and the studies

cited are not randomized controlled trials but prima-

rily Level 3, 4 and 5 research, the findings demons-

trate a significant relationship between sexual and

relationship functioning. While it is impossible to

determine cause and effect relationships with any cer-

tainty, the literature suggests better long-term outco-

me when relationship issues are treated and resolved.

Whether the relationship problems preceded the

development of the sexual dysfunction, or vice versa,

it would appear that the most effective form of inter-

vention is to treat both the relationship and sexual dif-

ficulties. If this does not occur, the problem that is not

addressed may continue to influence the other area

that is the focus of treatment, and so eventually

undermine the treatment process. Clearly, more vigo-

rous controlled studies need to be conducted to deter-

mine the validity of this argument more conclusively.

It would be neglectful to discuss psychological and

interpersonal contributions to sexual function and

dysfunction without including some reference to the

importance of love and intimacy. While cultures vary

enormously in the degree to which they consider

love important for marriage, or even, the importance

of love at all in interpersonal committed relation-

ships, most individuals in Western countries believe

that emotional intimacy and feelings of love enhance

and sustain sexual satisfaction and pleasure.  There is

little or no empirical research on this topic, so the

comments that follow are based on clinical observa-

tion rather than scientific data.

It is clear that love implies different meanings to dif-

ferent individuals [3]. Some of the meanings include

the following :

* Love is a label for the transient emotions that bring

together various degrees of pleasure and interest bet-

ween two individuals.

* Love is an idealized ambition e.g. To have mutual

respect, reliability, fidelity, intimacy, sexual 

pleasure, and a comfortable balance of individuality.

* Love is a commitment. Typically, love involves the

commitment of two people to honor and cherish each

other throughout life's vicissitudes.

* Love is an idealized internal representation of the

partner. When a person falls in love and continues to

be happy with a partner, an internal image of the

beloved is created and reinforced. This internal idea-

lized image enables an individual to deal with a part-

D. LOVE AND INTIMACY

IV. IMPLICATIONS AND

RECOMMENDATIONS
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Table 5.  Summary of Studies: Related to Interpersonal Dimensions of Sexual function and Dysfunction

Author Treatment Method Summary of Study Findings Evidence Based 

Medicine Grade

Heiman, Gladue, Roberts, Survey of non-clinical Sexual and relationship functioning 3

& Lo Piccolo, 1986 [94] respondents are independent domains

Laumann et al., 1999 [95] Survey of prevalence of sexual Hypoactive sexual desire more 4

dysfunction common among women

Rosen & Leiblum, 1995 [96] Survey of prevalence of sexual Hypoactive sexual desire more 4

dysfunction common among women

Segraves & Segraves, 1991 Survey of prevalence of sexual Hypoactive sexual desire more 4

[97] dysfunction common among women

Scharff, 1988 [98] Theoretical paper Object relations theory explains 5

sexual dysfunction

Schnarch, 2000 [99] Theoretical paper Differentiation theory explains 5

sexual dysfunction

Pridal & LoPiccolo, 2000 [100] Theoretical paper Cognitive behavioral theories 

explain sexual dysfunction 5

Talmadge & Talmadge, 1986 Theoretical paper Developed relational model to 5

[101] explain HSDD



ner when he or she is behaving badly or when disap-

pointments ensue.

* Love is a “deal” with a person who possesses desi-

red and desirable assets

* Endearing words of love are often expressed when

a person wants to have sex.

While not typically discussed in scientific discourse

or evidence based research, love is a vital ingredient

for many individuals in fostering and maintaining

strong and satisfying interpersonal and sexual inti-

macy. Mechanistically treating sexual problems

without considering or discussing the quality of

caring and love between partners is usually unsuc-

cessful, if not immediately, than over time. 

While the predisposing and precipitating factors that

have been reviewed are important to assess, they

may not be responsible for the chronic nature of a

sexual problem. It is the maintaining factors that are

responsible for transforming disappointing or episo-

dic sexual failures into chronic dysfunction.

Examples of maintaining factors include the follo-

wing: performance anxiety, guilt, inadequate sexual

information or stimulation, psychiatric disorders,

relationship discord, loss of sexual chemistry, fear of

intimacy, impaired self-image or self-esteem, restric-

ted foreplay and poor communication. Often the fac-

tors that maintain sexual dysfunction are not the ones

that initially predisposed or precipitated the initial

sexual failure. However, by the time individuals pre-

sent for treatment, the maintaining factors may be

the most disruptive to therapeutic outcome. A case

illustration may illuminate this point :

A 34- year-old woman complains of inability to

become both physically and subjectively aroused

during sexual intercourse with her boyfriend of two

years. Assessment reveals an early history of father-

daughter incest, which, however, appeared to have

been satisfactorily resolved during her late adoles-

cent years.  She enjoyed good sexual response during

early courtship with both her present partner and pre-

vious partners. However, her current boyfriend is

often demeaning and critical of her body shape and

weight and so, she has become quite self-conscious

during love-making. This has led to distraction

during sex, which further interferes with her sexual

response, which then becomes a point of contention

between them. Anticipation of critical comments

from her boyfriend leads to performance anxiety and

further inhibits her response, creating a downward

spiraling negative cycle. 

Early etiological theories [41] regarded performance

anxiety as the crucial pathogenic factor for main-

taining sexual difficulties. Performance anxiety is

the fear of future sexual failure based on previous

failures- a common maintaining contribution for

almost all male and female sexual dysfunctions.

Many theorists consider performance anxiety the

central causal factor interfering with sexual arousal

since it serves as a distraction from sensual feelings,

undermines sexual self-confidence and ultimately,

contributes to sexual avoidance.

Space precludes a detailed discussion of all the main-

taining factors that may be responsible for turning an

acute problem into a chronic one. Suffice it to say

that maintaining factors include those present

contextual factors that enhance or impede sexual

spontaneity, comfort and satisfaction. Finally, it is

clear that a problem in one partner can trigger pro-

blems in the other partner and vice versa. It is there-

fore essential to assess how sexual partners mirror

each other in terms of desire, arousal and satisfac-

tion.

Sex therapy outcome studies are notoriously difficult

to design and conduct. The challenge facing resear-

chers is not only to design studies that meet the

highest level of evidence-based medicine but to also

demonstrate regard for the complexity of sexual life.

A narrow mechanistic focus on genital function/dys-

function or successful performance fails to encom-

pass the broader variables that constitute patient and
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partner sexual satisfaction and dysfunction and

disease-specific quality of life (QoL) [128, 129].

Specifically, QoL variables encompass relational,

self-efficacy/confidence, emotional and sexual satis-

faction and pleasure. Thus, outcomes conceived

solely in terms of women's facility in achieving coi-

tal orgasm, men's prowess at delaying ejaculation,

the buckling force of an erection, blood flow through

the clitoris and vagina, or the frequency with which

partners bring their bodies together are far too res-

trictive outcome criteria. Sexuality outcome studies

must assess the complex interplay between the bio-

logical, emotional, psychological and relational

components of individual's and couples' lives [130].

For example, intracavernosal injection of vasoactive

substances is an efficacious treatment in terms of

inducing erection. However, the high-dropout rate,

up to 60%, suggests a lack of treatment satisfaction

[128]. Which clinical endpoint(s) should be used to

assess treatment outcome ? Should it be continued

use of the treatment, efficacy in achieving or main-

taining firm erections, sexual or relational satisfac-

tion or partner sexual or QoL variables ?

There is also disagreement as to what defines a good

treatment outcome even when function-oriented cri-

teria are employed. For instance, in treating female

anorgasmia, what defines success- achieving orgasm

once, achieving orgasm from manual or oral stimula-

tion some specified percentage of occasions, achie-

ving coital orgasm with or without clitoral stimula-

tion, etc ? And, what constitutes success in treating

erectile dysfunction- the ability to consummate inter-

course (which is a distinctly heterosexual goal but

which ignores a wide segment of the population,

namely homosexual and autosexual men) or the

degree of penile rigidity ? 

Finally, the emphasis on frequency counts of various

sexual acts or initiations as a primary outcome mea-

sure is also questionable since it ignores both posi-

tive changes in sexual satisfaction and physical and

emotional intimacy.

Fundamentally, it appears that there are two primary

explanations for the dearth of well-controlled sex

therapy outcome studies. The first is that they are

labor intensive and unfortunately, are not considered

a priority by governmental granting agencies.

Moreover, because there is no incentive for pharma-

ceutical companies to fund purely psychological

treatments, this source of funding has been unavai-

lable. The second reason is that the incredible suc-

cess of Masters & Johnson's original treatment pro-

gram made it seem as though we had found the “holy

grail”. Never before or since has such a large-scale

study reported such a highly successful post-treat-

ment and five year follow-up of 792 men and women

been achieved (with an overall reported failure rate

of only 15% !). For several decades, the field relied

primarily on their treatment approach and few inno-

vations were forthcoming [131]. Unfortunately, no

other clinical study or center has been able to repli-

cate Masters and Johnson's impressive success either

short- or long- term.

Outcome studies in sex therapy pose some unique

challenges. Spence [132] criticizes sex therapy out-

come studies because often they : 1) employ small

sample sizes ; 2) do not use experimental control

groups (waiting list, no treatment, attention placebo

controls) ; 3) lack random allocation to conditions ;

4) fail to offer clear cut definitions of diagnostic cri-

teria to permit replication ; 5) generally do not 

include assessments of long-term outcome ; and 6)

do not adequately describe the therapy method utili-

zed. 

Heiman and Meston [133] further criticize sex thera-

py studies for failing to utilize treatment manuals,

which are considered prerequisites for designating a

treatment as “well-established” using the American

Psychological Association (APA) standards.  Finally,

psychometrically sound measurement instruments

has, until recently, been lacking in the majority of

outcome studies, thereby raising questions about the

validity of the reported results. Many studies employ

self-report instruments or patient diaries that lack

validation or clinical judgments made by un-blinded

clinicians.

The few studies that have reported long-term follow-

up suffer from serious problems of sample attrition.

Thus, the generalizations stemming from these studies

may represent a biased subset of the total population.

Finally, the overlap between different sexual dys-

function diagnoses can make comparisons across
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studies and treatment interventions difficult. In past

research, patients were often diagnosed with one

dysfunction based on the belief that sexual dysfunc-

tions were discrete disturbances in the sexual res-

ponse cycle. There is currently recognition of the fact

that there is considerable overlap among sexual

disorders [97, 134]. This overlap between diagnostic

categories must be methodologically or statistically

controlled in order to assess the impact of any inter-

vention on the disorder under study.

Despite all of these shortcomings and difficulties,

there is suggestive data indicating that sex therapy

can be quite helpful in ameliorating several male and

female sexual dysfunctions.

Masters and Johnson's groundbreaking contributions

recounted in Human Sexual Inadequacy [41] descri-

bed their innovative format of employing mixed-sex

co-therapy teams working with couples in a quasi

residential setting with daily individual and conjoint

treatment sessions.  Basic treatment elements inclu-

ded an emphasis on sensate focus exercises and the

elimination of performance anxiety. Masters and

Johnson recommended beginning with non-sexual

touching and then, in a desensitization paradigm,

moving on to more genitally focused caressing. By

emphasizing the non-demand nature of the sensual

exchange, Masters and Johnson sought to eliminate

performance pressure.

Masters and Johnson's treatment method was an

expensive, therapist intensive, impractical model to

reproduce. Therefore modifications of their treat-

ment format were investigated to ascertain if similar

results could be achieved with more conservative,

conventional outpatient treatment models. Clinicians

examined the impact of single therapist versus co-

therapy teams, weekly versus daily treatment ses-

sions and group formats versus individual/couple

sessions. The results indicated that couples did as

well when seen on a weekly basis and by a single

therapist [135-137]. Two studies examined whether

matching the gender of the therapist with the gender

of the symptom bearer would result in improved out-

come; no differences were found [135, 138].

Researchers also examined the efficacy of individual

versus group treatment formats. Group formats were

advantageous because they were less costly in terms

of therapist time, provided patients with the know-

ledge that they were not alone in their suffering, offe-

red peer support, and allowed patients to learn from

the experiences of others. Additionally, competition

within the group motivated patients to change beha-

viors and desensitized them to discussions of their

private sexual lives [132]. However, the use of

groups in sex therapy has been limited because of

organizing and scheduling difficulties as well as fin-

ding enough patients with the same disorder 

available for treatment at the same time. 

More recent approaches to sex therapy have included

cognitive-behavioral interventions focused on chal-

lenging or correcting maladaptive cognitions, beha-

vioral techniques such as desensitization and asserti-

veness exercises, family of origin and psychodyna-

mic explorations exploring the role of past develop-

mental experiences on present behavior and systemic

and couples therapy.

The following sections will review the outcome of

psychological and sex therapy on female and male

sexual dysfunction.

The plethora of female sexual complaints range from

a lack of, or diminished sexual desire or interest, to

pain during both genital and non-genital sexual acti-

vities [134]. In addition to formal sexual diagnoses,

many women report sexual dissatisfactions that do

not involve actual physical impairment but rather,

complaints involving lack of pleasure, enjoyment,

satisfaction and passion [139, 140]. While these

complaints are fairly ubiquitous and important and

while they obviously enhance or impede sexual

enthusiasm, they tend not to be identified as legiti-

mate outcome measures in most research studies.

Nevertheless, it is often the case that with successful

treatment, these important sexual parameters change

as well as the formal targets of intervention. More-

over, for many women, it is these behaviors that may

well constitute the most salient end-points of treat-

ment. Sexual performance or genital arousal without

pleasure is an unsatisfactory compromise for most

women.

H. WOMEN’S SEXUAL
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In this section, treatment outcome will be described

for the recognized DSM-IV-TR categories of female

sexual disorders, namely, hypoactive sexual desire

disorders, sexual arousal disorder, orgasmic disorder

and sexual pain disorders. Heiman [141] and Heiman

and Meston [133] have published comprehensive

reviews of most of the available research studies loo-

king at the prevalence, etiological factors and treat-

ment success for the various female dysfunctions.

1. SEXUAL DESIRE DISORDERS

There is a dearth of efficacy data on the psycho-

logical treatment of sexual desire disorders, despite

the fact that hypoactive sexual desire is the most

common female sexual complaint [139]. There is no

shortage of published descriptions of psychological

treatments [99, 142], but few have been subjected to

rigorous outcome research. Consequently, most of

the studies reviewed here are of Levels 3, 4 and 5

evidence.

Sexual desire is difficult to define and difficult to

measure. Does one look at sexual frequencies of

various sexual behaviors or attempt to assess the

degree of internal motivation to engage in sexual

activity ? Do we count sexual fantasies or frequency

of various sexual behaviors as a measure of desire or

interest ?

Basson [143] and others [144, 145] have argued that

many women never report spontaneous desire yet

can become readily aroused with effective stimula-

tion or the wish to be intimate with a partner. Basson

[143] has postulated that many women in established

relationships engage in sex from an initial stance of

sexual neutrality and then, with increasing amounts

of arousal, begin to experience desire. Often, desire

is triggered by a variety of internal motivations or

external reinforcements rather than intrinsic physical

tension, although for women in new relationships,

desire may be experienced more spontaneously.

There is little agreement about what constitutes nor-

mal desire in women of various ages given the hor-

monal variations accompanying different life stages.

Consequently, there is little agreement as to what

constitutes a sexual desire disorder as opposed to

normative changes in sexual interest over the female

life- cycle [145]. While situational and acquired loss

of desire is characteristic of many life stages, e.g.,

pregnancy and child rearing generalized and chronic

lack of desire is more resistant to intervention and

suggests a different etiology.

Hawton and his colleagues [146] conducted a pros-

pective, non-controlled study of a community

sample of couples who underwent a modified Mas-

ters & Johnson treatment program. Sexual desire

problems seemed to be alleviated largely or comple-

tely in 56% of the period following treatment. How-

ever 75% of the sample relapsed at 1-6 year follow-

up. In a later review of the efficacy of sex therapy for

sexual dysfunctions, Hawton [137] noted the

variable outcome that is often found across studies.

He observed that outcome is poorer when the male

partner has low desire than when the female partner

is the target of treatment.

Hurlbert [93] investigated the viability of orgasm

consistency training for the treatment of female

HSDD. Women were randomly assigned to group

treatment with either standard sex therapy interven-

tions or the addition of orgasm consistency training

(directed masturbation) in addition to sensuality

exercises, communication training and education.

Post-treatment and follow-up at 3 months suggested

that there was greater improvement in the orgasm

consistency group although both groups demonstra-

ted greater sexual arousal and assertiveness as well

as greater sexual satisfaction.

The efficacy of cognitive-behavioral therapy for

women with HSDD has been reported in two studies.

McCabe [147] found that of the 43% of women com-

plaining of HSDD who underwent 10 sessions of

CBT, 54% had the same complaint following treat-

ment. The program included interventions designed

to enhance communication between partners, 

increase sexual skills and reduce sexual and perfor-

mance anxiety. Overall, improvement was noted for

44% of the women. The findings are limited, 

however, in that many of the women had multiple

sexual dysfunctions and there was no control group.

In a study by Trudel, et. al. [148] comparing cogniti-

ve behavioral interventions specifically formulated

to address desire disorders with a control condition,

only 26% of the low desire women continued to

report this problem at the end of treatment. Com-

pared to the control group, CBT resulted in signifi-

cant improvement in quality of sexual and marital

life, sexual satisfaction, perception of sexual arousal,

sexual self-esteem and less depression and anxiety.

At this time, most of the funded research seeking to

I. TREATMENT OUTCOME FOR
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enhance female sexual desire have focused on phar-

macological treatment, eg., buproprion [149] or hor-

monal interventions such as androgen supplementa-

tion delivered via gels, creams, patches, pills or

injections [150-152]. To date, there are few double-

blind, placebo-controlled studies investigating the

long-term treatment of hormonal interventions on

womens' sexual desire and arousal although several

are underway. Unfortunately, there are no studies

comparing hormonal supplementation with sex the-

rapy or couples' therapy and none looking at the

impact of combined treatment. This is an area that

warrants well-controlled research with different

populations of women, pre and post-menopausal.

2. SEXUAL AROUSAL DISORDERS

To date, there are no published outcome studies focu-

sing on the psychological treatment of female arou-

sal disorders. This is partly attributable to the histo-

rical lack of attention paid to arousal disorders per se

as well as to the described co-morbidity of female

sexual disorders. Recently, there has been conside-

rable interest in female sexual arousal disorder

because of the success of vasoactive agents in the

treatment of male erectile disorder [112]. The

emphasis has focused on studying women with phy-

siological or genital arousal complaints although

there is growing recognition that the largest category

of complaints center on the lack of subjective rather

than physical arousal. Recently, a group of experts in

womens' sexuality proposed a new nomenclature for

diagnosing womens' sexual disorders [153]. Sexual

arousal disorders were divided into three sub-types:

genital sexual arousal disorder, subjective sexual

arousal disorder and combined genital and subjecti-

ve arousal disorder. This group also acknowledged

the existence of a heretofore undiagnosed arousal

complaint, namely that of persistent genital arousal

characterized by insistent feelings of genital vaso-

congestion and throbbing in the absence of conscious

desire [154]. Chapter 16 provides a comprehensive

discussion of female sexual arousal disorders.

3. ORGASMIC DISORDERS

According to the DSM-IV, female orgasmic disorder

is defined as the “…delay in, or absence of, orgasm

following a normal excitement phase…” although

what constitutes a normal excitement phase is uncer-

tain [112]. Summarizing several studies, Haavio-

Mannila and Kontula [155] reported that women

experience orgasm only 40 - 80% of the time, regard-

less of the method of stimulation. The absence of

orgasms during intercourse does not constitute a

genuine sexual dysfunction [156, 157]. The overlap

between desire, arousal, and orgasm difficulties in

women further complicate differential diagnoses.

No single factor has been shown to be strongly rela-

ted to orgasmic response and dysfunction in women

[158]. In general, women with orgasm difficulties

tend to experience more sex guilt [159, 160], tend to

be less sexually assertive [161, 162], and endorse

more negative attitudes towards sexual activity and

masturbation [116, 159]. Women with orgasmic dif-

ficulties have been found to be less aware of physio-

logical signs of arousal and orgasm [156, 163]. Hei-

man and Grafton-Becker [158] note that anorgasmic

women often fear loss of control during orgasm.

As with other sexual dysfunctions, female orgasmic

disorder can be divided into lifelong and acquired

subtypes. Different treatment approaches have been

shown to be effective for the two subtypes. Directed

masturbation training is most efficacious for lifelong

and generalized orgasmic problems [133]. This treat-

ment involves self-stimulation in which the woman

becomes more aware of the type of stimulation needed

to increase her arousal and pleasure and subsequent-

ly generalizing this to partner sexual situations.  Hei-

man & Meston [133] note that across all studies

involving nearly 600 women seen for between 6-14

sessions with directed masturbation, directed mastur-

bation alone was superior to systematic desensitiza-

tion and directed masturbation with sensate focus

was more effective than sensate focus alone [164-

175]. Women with acquired and situational female

orgasmic disorder tend to be more distressed about

and less satisfied with their overall relationship [123,

176, 177]. In addition to many of the factors men-

tioned above, acquired orgasmic dysfunction may be

the result of medication side effects, especially anti-

depressants. Most treatment packages for acquired

female orgasm problems include a combination of

sex education, sexual skills training, couple's thera-

py, masturbation and non-demand touching exer-

cises, as well as interventions to address body image

concerns and negative sexual attitudes [130, 133].

The Coital Alignment Technique (CAT) [178-180]

was developed specifically to treat female orgasmic

disorder.  This technique involves a sexual position

in which the man lies across the woman, without

support of his elbows, and then shifts forward (rela-

tive to the standard missionary position) such that the

base of his penis makes direct contact with the

woman's clitoris.  The “CAT” sexual position makes

vaginal penetration with constant clitoral stimulation
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possible. The penile-clitoral connection is maintai-

ned by the pressure and counter pressure simulta-

neously exerted by both partners. One potential pit-

fall in the use of CAT is that this rather goal oriented

treatment may increase performance pressure and

anxiety in the woman.

Treatment for coital anorgasmia typically involves

directive cognitive-behavioral interventions and sen-

sate focus exercises with both the woman alone and

with her partner. For example, Heiman and LoPicco-

lo [136] reported on outcome with 16 couples where

the presenting complaint was lack of orgasm during

intercourse. Outcome included significant improve-

ment in various ratings of sexual and marital satis-

faction but a non-significant increase from 12% to

30% in orgasmic ability with manual stimulation and

a modest increase from 12-30% in orgasm during

intercourse. 

Many investigations highlighted the importance of

couples treatment along with sex therapy for the

resolution of these problems. Women with acquired

and situational female orgasmic disorder tend to be

more distressed about and less satisfied with their

overall relationship [123, 177, 181]. Consequently,

treatment often includes some combination of educa-

tion, sexual skill training, couples' therapy, non-

demand touching exercises as well as interventions

to address body image concerns and negative sexual

attitudes.

In the McCabe [147] study cited above, of the 36

women (67% of the initial sample of 54) presenting

with anorgasmia and who completed treatment, suc-

cessful outcome was achieved with 89% of the

women. 

Heiman [141] notes treatments for primary anorgas-

mia appear to fulfill the criteria of “well-established”

whereas situational anorgasmia studies fall into the

“probably efficacious” group. 

It should be noted that the relative failure of reported

treatments of coital anorgasmia may be due to mis-

diagnosis. A major difficulty with past definitions of

orgasmic disorder was that women who were dia-

gnosed with female orgasmic disorder may well have

been more accurately diagnosed with a sexual arou-

sal disorder, that is, a lack of sufficient physical or

subjective arousal which obviously impeded orgas-

mic attainment. In fact, the more accurate diagnosis

for many of the women in earlier research might be

sexual arousal disorder rather than orgasmic dys-

function [153] (Table 6).

4. SEXUAL PAIN DISORDERS : DYSPAREUNIA

AND VAGINISMUS

The sexual pain disorders tend to be quite prevalent,

although they often go unreported since some

women tolerate uncomfortable sexual exchange for

months or even years without seeking assistance.

Coital pain has been estimated to affect about 15% of

American women according to the recent large-scale

survey of sexual health [95].

The AFUD recommended definition of dyspareunia

is persistent or recurrent pain with attempted or com-

plete vaginal entry and/or penile vaginal intercourse.

Although included as a sexual dysfunction in the

DSM-IV, Binik and his collaborators have long

argued that dyspareunia should be classified as a

pain disorder rather than a sexual dysfunction since

pain is the most salient aspect of the syndrome [188]. 

Etiologically, a host of psychological factors have

been associated with the complaint of dyspareunia

but it is difficult to determine which is cause and

which are the effects of living with a chronic pain

disorder [189]. Among the psychological concomi-

tants that have been researched are childhood sexual

trauma, phobias, hostility, and in particular, reports

of anxiety and depression. Even depression scores

are associated with greater pain complaints. Rela-

tionship discord is frequently reported. There are

also a large number of organic conditions that can

either cause or maintain sexual pain: physical factors

such as infection, hymenal scarring, STD's, pelvic

inflammatory disease and most especially, neural

and pelvic floor contraction are often instrumental in

the genesis of the problem. Pelvic floor massage

with an experienced massage therapist in addition to

cognitive education, relaxation training, self-inser-

tion exercises and sensuality training are included in

treatment programs. The repeated experience of pain

with sexual intercourse typically leads to increased

genital muscle tension which further exacerbates

existing pain by adding muscle pain to the original

pain interfering with penetration and reducing geni-

tal blood flow [190]. Catastrophizing thoughts and

hypervigilance as well as performance anxiety only

make matters worse.

Treatment of dyspareunia ideally requires a multidis-

ciplinary approach involving a physician, a pelvic

massage therapist, and a psychotherapist. Treatment

focuses on learning techniques for reducing or

coping with the pain as well as dealing with catas-

trophic thoughts, anticipation of pain and avoidance

of all sexual exchange. Biofeedback, vaginal and/or

pelvic massage, tricyclic anti-depressants, Xylocaine
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before intercourse, sensuality exercises, avoidance

of perfumed or irritating products, a low oxalate diet

and relaxation techniques have all been tried, with

varying degrees of success. 

Education about vulvodynia in general and vulvar

vestibulitis in particular, has been found helpful as

well as cognitive restructuring and sex therapy with

both partners 

The most well controlled study of women with vul-

var vestibulitis has been done by Bergeron,Binik,

Khalife, et. al, [191], who compared biofeedback,

cognitive behavioral therapy and vestibulectomy in

with a randomized series of 78 patients. While all

three groups reported improvement in symptomato-

logy post-treatment and at 6 month follow-up, the

most successful and maintained outcome was achie-

ved with vestibulecvtomy. The authors concluded

that vestibulectomy was superior to the two psycho-

logical interventions, although it did not significant-

ly change the frequency of intercourse or other psy-

chosocial variables.

Vaginismus has been diagnosed as persistent or

recurrent difficulties to allow vaginal entry of the

penis, a finger, and/or any object, despite the

woman's expressed wish to do so. There is variable

(phobic) avoidance and anticipation/fear of pain

[153].

It is usually treated through a combination of relaxa-

tion exercises and in vivo graduated self-insertion of

dilators of increasing size [192]. Typically, education

about the female anatomy as well as Kegel and

puboccygeal exercises is part of treatment along with

more psychodynamic exploration of the genesis and

meaning to the woman of vaginal penetration. While

Masters and Johnson [41] reported a 100% success

rate in their treatment of 29 women, more recent

investigators have noted somewhat less positive out-

come, although most studies concur in finding beha-

vioral desensitization ultimately successful with

motivated women [193]. There are no randomized

control studies studying outcome.

Chapter 16 provides a comprehensive overview of

the etiology and treatment of sexual pain disorders.

5. PSYCHOLOGICAL TREATMENT WITH MIXED

FEMALE SEXUAL DYSFUNCTIONS

In what was described as a “field trial” of the effec-

tiveness of behavioral treatment for sexual dysfunc-

tions, Sarwer & Durlak [194] reported outcome with

365 married couples presenting to an outpatient

sexual therapy clinic with a variety of sexual dys-

functions. Interventions included sexual education,

communication skill training and body-touching

exercises over a period of seven weeks. Treatment

outcome was evaluated by the clinician as being

either successful or unsuccessful- successful if the

primary sexual complaint had abated by the end of

treatment with no new problems developing and the

couple had engaged in intercourse once in the last 3

weeks of therapy. Given the loose definition of suc-

cess and the methodological shortcomings in both

problem definition and outcome, it is still encoura-

ging to find that the authors reported overall success

for 65% of the couples with few dropouts. Moreover,

outcome did not vary significantly as a function of

diagnosis, gender or even history of sexual abuse.

Surprisingly, the best predictor of successful outco-

me was the amount of sensate focus exercises com-

pleted in the last week of treatment rather than the

nature of the dysfunction or the prior history of

sexual abuse.

6. FACTORS ASSOCIATED WITH POSITIVE OUT-

COME OF SEX THERAPY

Based on clinical observation and experience as well

as some empirical research, Hawton [137] and others

[96] have identified a variety of factors that appear to

be related to more positive outcome with psycholo-

gical treatment interventions (These are summarized

in Table 7). Conversely, four variables have been

identified with treatment dropout : 

1) lower socio-economic status, 

2) the male partner's lower or lack of motivation for

treatment, 

3) a conflicted partner relationship and 

4) poor progress by the third treatment session. 

Summary: Overall, psychological interventions utili-

zing Masters & Johnson sensate focus exercises,

directed masturbation and cognitive-behavioral

interventions have been highly successful in treating

primary orgasmic dysfunction and somewhat  less

effective in treating coital anorgasmia. Treatment

outcome with desire, arousal and sexual pain com-

plaints is more variable since these problems tend to

co-occur and a variety of contextual factors can

interfere with outcome. Treating the contextual and

relationship issues that inevitably accompany these

problems is crucial, particularly for long-term impro-

vement.

A number of factors have been identified which are

associated with positive treatment outcome inclu-

ding the motivation for success of both partners,

relationship satisfaction and compliance with home-

work assignments (Table 7). 
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This section will review the existing psychological

research on male sexual dysfunction. While current

research tends to focus on pharmacological interven-

tions, this in no way obviates the critical importance

of psychological and interpersonal interventions. In

fact, the future will hopefully focus on combined

and/or integrated treatments. These ideas will be dis-

cussed in the following sections.

There are no reports solely on the psychological

treatment of men presenting with hypoactive sexual

desire disorders.  Some men with HSDD are inclu-

ded in studies of men and women presenting with

mixed sexual dysfunctions but the small numbers of

these men does not lend itself to a careful outcome

analysis. 

Men with lifelong and acquired erectile dysfunctions

typically achieve significant gains both initially and

over the long-term following participation in sex the-

rapy (Table 8) although men with acquired disorders

tend to fare better than those with lifelong problems.

Masters and Johnson [41] reported initial failure

rates of 41% and 26% for lifelong (primary) and

acquired (secondary) erectile dysfunction, respecti-

vely. Their two to five year follow-up of this cohort

indicated sustained gains. 

In a review of the studies of treatment for erectile

dysfunction, Mohr and Beutler [198] wrote :

The component parts of these treatments typically

include behavioral, cognitive, systemic and interper-

sonal communication interventions. Averaging

across studies, it appears that approximately two-

thirds of the men suffering from erectile failure will

be satisfied with their improvement at follow-up ran-

ging from six months to six years. 

These studies utilized either a couples or a group for-

mat. The duration of couples therapy ranged from 4

to 20 weekly meetings. Group therapies met weekly

for 10 to 20 sessions. All forms of intervention

except biofeedback, pelvic muscle floor exercises

and hypnosis were equally effective in producing

sustained change. There are few controlled reports

on individual therapy for single men, except for that

of Reynolds [199] who highlighted the difficulties of

treating men without partners.

Sex therapy treatment of ED consists of a variety of

interventions: systematic desensitization, sensate

focus, interpersonal therapy, behavioral assignments,

sex education, communications and sexual skills

training and masturbation exercises. It has not been

possible to statistically analyze the precise contribu-

tion of any of these single interventions to overall

success.

Wylie [197] reports on prospective study of 23

couples where the man presented with ED. Utilizing

a combination package of modified sex therapy and

behavioral systems couple therapy, 87% of men

II. PSYCHOTHERAPY OF ERECTILE

DYSFUNCTION

I. SEXUAL DESIRE DISORDER

I. PSYCHOLOGICAL

TREATMENT OF MALE

SEXUAL DYSFUNCTION
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Table 7.  Factors associated with positive outcome in sex therapy trials.

Author Factors associated with positive outcome in sex Level of 

therapy trials Evidence

Hawton & Catalan, 1986 [2] Overall quality of the couple’s non-sexual relationship 4

Whitehead & Mathews, 1986 [122]; Couple’s motivation to enter treatment 4

Hawton, Catalan, & Fagg, 1991 [125] 2c

Hawton, 1995 [137] Degree of physical attraction between partners 5

Hawton, 1995 [137] Absence of major psychiatric disorders 5

Hawton, 1995 [137] Evidence of early homework compliance 5

Besharat, 2001 [120] Attention to systemic issues in the relationship 2a

Hawton, Catalan, & Fagg, 1991 [125]; Male partner’s motivation to obtain a successful outcome 2c

Hirst & Watson, 1997 [126] 4
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demonstrated improvement in their sexual symptom

within six sessions of treatment. Moreover, the

improvements were found in men's sexual confi-

dence and frequency of sexual activity and pleasure

derived from sexual activity. The gains were 

sustained at the six-month follow-up.

All studies with long-term follow-up find a tendency

for men to relapse. Hawton [146] noted that recur-

rence of or continuing difficulty with the presenting

sexual problem was commonly reported by 75% of

couples ; this caused little to no concern for 34%.

Patients indicated that they discussed the difficulty

with the partner, practiced the techniques learned

during therapy, accepted that difficulties were likely

to recur, and read books about sexuality (Table 8).

1. RELAPSE PREVENTION

The concept of relapse prevention has generally not

been incorporated into sex therapy. In the past, the

patient and therapist reached a mutual decision about

when to terminate, worked toward that goal and

ended treatment on a set date. Patients could, of

course, re-contact their therapist for additional treat-

ment if problems returned. 

To prevent relapse, McCarthy [200] has suggested

that therapists schedule periodic “booster or mainte-

nance” sessions following termination. Follow-up

sessions have been recommended in order to resolve

“glitches” that have interfered with progress. 

Since the early 1970's, an array of individual, conjoint,

and group therapy approaches employing behavioral

strategies such as stop-start [41] or squeeze tech-

niques [201] have been used to treat rapid 

ejaculation [10, 42, 200, 202, 203]. Table 9 summa-

rizes the initial and long-term efficacy of psycholo-

gical interventions for rapid ejaculation. 

Masters and Johnson reported on 432 men who were

seen in their quasi-residential model utilizing mul-

tiple treatment techniques including the squeeze

technique in combination with sensate focus and

interpersonal therapy reported failure rates of 2.2%

immediately after treatment and 2.7% at the five year

follow-up. Other researchers have been unable to

replicate Masters & Johnson 's success rates.  For

instance, only 64% of men in Hawton's [146] study

were characterized as successful in overcoming rapid

ejaculation. 

The majority of studies that included long-term fol-

low-up have documented reduced success rates post-

therapy. No one has been able to replicate the 60% to

95% success rate reported by Masters & Johnson

[41]. Three years after treatment, success rates often

dwindle to 25% [175, 205, 206]. 

Cognitive behavioral therapy [207] as well as multi-

modal psychodynamic and behavioral treatments

[10, 208] are described in review papers ; however,

there are no documented carefully controlled outco-

me studies that examine the efficacy of these

methods. Minimal therapist contact, defined as 

between 4 to 15 brief weekly telephone contacts,

with bibliotherapy has also been found to lead to 

successful outcomes [209]. This finding may not

hold for more complex situations that involve rela-

tionship and communication difficulties (Table 9).

This section begins by examining the reasons why

medical treatments alone are often insufficient in

helping couples resume a satisfying sexual life. Next,

the articles that report on combination therapy are

reviewed. Finally, this section concludes by recom-

mending an as yet unproven three-tiered integrated

model for treating sexual dysfunction.

The term integrated is used to denote concurrent or

step-wise combinations of psychological and medi-

cal interventions. Too often, medical treatments are

directed narrowly at a specific sexual dysfunction

and fail to address the larger biopsychosocial issues

(see Table 10). While medical therapies, especially

for ED, are generally efficacious (50%-90%),

approximately 50% of individuals fail to continue

treatment. This is partly due to the clinician's failure

to address the relevant psychological and interperso-

nal issues [128]. Examples of relevant biopsycho-

social factors include : 1) Patient variables such as

performance anxiety and depression ; 2) Partner

variables such as health status and partner disinterest ;

3) Interpersonal non-sexual variables such as qualiy

of the overall relationship ; 4) Interpersonal sexual

variables such as the interval of abstinence and

sexual scripts and ; Contextual variables such as cur-

rent life stresses, finances, children

J. THE SUCCESS OF

INTEGRATED TREATMENT

FOR THE RESOLUTION OF

SEXUAL DYSFUNCTION :

RESEARCH EVIDENCE

III. PSYCHOTHERAPY WITH RAPID

EJACULATION
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There is an emerging literature that demonstrates a

synergistic benefit from the use of both psycho-

logical interventions and pharmacological treatments

for a number of psychiatric conditions including

depression, post-traumatic stress disorder and [230]

and to a lesser degree, schizophrenia [230, 231]. It is

regrettable that there are so few well-designed 

randomized control studies focusing on integrated

approaches to the treatment of sexual dysfunction.

The few studies that exist focus on treatment for

erectile dysfunction; there are only a few reports of

combined therapies for female dysfunction. These

studies are summarized in Table 10.

There have been several articles recommending the

combination of medical and psychological

approaches to the treatment of erectile dysfunction

[206, 229, 232, 233]. This section summarizes the

studies that report on psychological interventions

combined with either intercaveronsal injection (ICI)

or vacuum tumescence therapy.

Kaplan [219] presented five cases where patients did

not benefit from ICI therapy because of hidden emo-

tional and marital relationship difficulties. She

argued that brief psychodynamic techniques to

manage the resistances to ICI could help some of the

couples adjust to and enjoy the pharmacological res-

toration of potency. Similarly, Turner et al, [228]

found that a single successful pharmacologically

induced erection administered in the doctor's office

was not effective in improving psychogenic erectile

dysfunction when it was not accompanied by psy-

chological counselling.

Hartmann and Langer [217] described an integrated

treatment program involving injection therapy and

sex counseling. They concluded that a combined

approach was beneficial but when the etiology of the

ED was primarily psychogenic, improvement could

occur only in the absence of partner problems or pre-

mature ejaculation.

Colson [215] described the results of an 8- year study

where 1001 participated in a three- phase combined

therapy protocol. In the first phase patients' were

given training in ICI technique and participated in

cognitive behavioral type therapy including sensate

focus. The second phase consisted of men using the

ICI in the privacy of their homes. In the third phase,

men attempted to reduce the dose of ICI or decrease

the frequency of injections. Full recovery, meaning

recovery of satisfactory sexual intercourse with com-

plete discontinuation of injection therapy was ob-

served globally in 51% of patients. Injection therapy

alone without cognitive behavioral therapy, resulted

in improvement in 24% of cases. The investigators

noted that injection therapies that facilitate erections

such as moxisylyte, are better suited for combination

with CBT than other products such as prostaglandin

E1 or Papaverine which induced erections.

Lottman et al, [221], described short-term therapy

with intracavernosal injections and counseling. In

the ICI and counseling group it was found that pro-

viding information about factors that contribute to

erectile function and enabling couples to communi-

cate about sexual problems were the most important

factors contributing to the efficacy of ICI treatment. 

There have been numerous case reports attesting to

the gains realized when behavioral or cognitive the-

rapy are combined with medical treatments for ED

[222, 224, 226]. Leiblum [127] has noted that

couples frequently need preparation and counseling

in order to resume a mutually satisfying sexual life

after an extended period of sexual avoidance due to

ED.

Wylie et al [229] reported on 45 patients with pri-

marily psychogenic ED who were randomized into

two groups. The first group participated only in 

couple therapy while the second was instructed in the

use of a vacuum device while simultaneously recei-

ving couple therapy. Improvement was 

reported by eighty-four percent of the combined

group in contrast to 60% of the therapy only group.

Interestingly, the authors report that 75% of those

who failed to improve in the combined therapy group

never used the vacuum device!

The authors suggested that early combination treat-

ment of couple therapy and a physical treatment such

as a vacuum device may lead to greater beneficial

response in men with ED than psychotherapy alone.

They also highlighted the importance of demonstra-

ting potential benefits from a physical intervention

early in therapy and believe that delaying the

demonstration may have a negative impact on treat-

ment outcome (Table 10).

I. INTEGRATED TREATMENTS : ED
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While medical interventions are quite successful in

facilitating the achievement and maintenance of

erections, they do not motivate the sexually reluctant

patient to try treatment, nor do they help overcome

the biopsychosocial obstacles that have prevented

success in the past. Without adequate desire, motiva-

tion and realistic expectations, treatment outcome is

often disappointing and discontinuation rates are

high. It is only when medical interventions are com-

bined with counseling that treatment obstacles can be

overcome and therapeutic outcome enhanced.

It is surprising that there are no reports of combined

therapy for rapid ejaculation, inhibited sexual desire

or any of the female sexual dysfunctions. These areas

have a critical need for controlled trials to address

the integration of biological and psychological treat-

ments.

Presently, there are no FDA approved pharmacologi-

cal interventions for female dysfunctions. There are

several herbal or neutraceutical compounds that

claim efficacy but none of these agents have under-

gone large scale, rigorous, randomized, double-

blind, placebo-controlled trials using validated and

reliable outcome measures. Over the next few years

it is likely that efficacious pharmacological com-

pounds will receive approval by the established regu-

latory agencies. Prior to their availability it would be

worth considering how such pharmacological treat-

ments might be integrated with various forms of psy-

chological intervention. 

The purpose of this section is to offer a paradigm and

rationale for combined treatments of erectile dys-

function. The model is presented to stretch the boun-

daries of the current treatment algorithms [232].

Splitting psychological and medical treatments is

outdated and reduces the long-term effectiveness and

satisfaction from either treatment. 

The individual or couple level of psychosocial com-

plexity constitutes the cornerstone of this approach.

Psychosocial complexity refers to the contextual fea-

tures characteristic of the individual or couple. It

includes such factors as the: length of time the

couple has been sexually abstinent, the quality of the

interpersonal relationship, the motivation of each

partner to resume lovemaking, the presence of

serious psychiatric psychopathology, etc. The clini-

cian categorizes the couple as having : 

1. No or insignificant barriers preventing use of the

medical intervention ; 

2. Mild to moderate barriers ; or 

3. Profound psychological/interpersonal difficulties

that will render any medical intervention relatively

ineffective.

Individuals or couple’s who are classified as having

no or insignificant barriers to utilizing treatment sug-

gestions generally have a good to excellent relation-

ship. Although the male has ED, they continue to be

affectionate and maintain non-coital sexual play.

One or both partners have realistic expectations for

treatment. They value their return to a satisfying

sexual life. In such ideal circumstances and if the ED

is mild to moderate in severity, pharmacotherapy,

most likely will ameliorate the sexual symptoms.

Such couples require nothing more than a medical

prescription and practical suggestions as to how to

maximize the treatment's effect.

However, the most frequently encountered clinical

situation is the second scenario in which indi-

viduals/couples are judged as having “mild to mode-

rate psychosocial barriers”. These patients have been

sexually abstinent for an extended period of time.

Expressions of affection have dwindled. At least one

person is mildly depressed and uncertain of how to

re-initiate lovemaking. Brief, directed coaching is

often helpful in improving this couple's sexual life.

Coaching refers to offering the patients guidance,

suggestions and techniques for overcoming their

resistance or inhibitions. 

Suggestions for increasing emotional intimacy or

planning a romantic evening prior to initiating sexual

behavior can “break the ice”. Addressing one or both

partners' depression, attending to performance anxie-

ty, or inquiring about any physical obstacles-such as

vaginal dryness -that might diminish the quality of

their sexual experiences will likely prove helpful.

It is relatively easy to recognize those individuals/

couples with profound psychological or interperso-

IV. A PROPOSED INTEGRATED

MODEL FOR TREATING ERECTILE

DYSFUNCTION

III. OTHER DYSFUNCTIONS

II. SUMMARY
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nal difficulties (or both). Medication alone is likely

to be ineffective with these patients. Common

patient obstacles include: poorly managed or unre-

solved anger, power and control issues, abandon-

ment concerns, broken attachments, substance abuse,

serious depression, contempt, and disappointment.

These psychological states, complicated by prolon-

ged sexual abstinence, must be addressed prior to, or

during, the pharmacological treatment intervention,

in order for the couple to benefit from medical inter-

ventions and to achieve emotional satisfaction from

sex. Red flags are raised when the couples voice

unrealistic expectations, saying or implying, “With a

restored erection, lovemaking will definitely be more

frequent”, or “I will feel more lovable/successful in

life”, or “This will cure my marital woes”. Such

over-optimistic expectations are likely to be thwarted

since they do not reflect an understanding of the

complexity of sexual and emotional life.

Although these suggestions may appear time consu-

ming to the busy physician, taking the time to assess

the couple's psychosocial “health” and treatment

expectations will result in greater patient satisfaction

and long-term improvement in the man's erectile

functioning and the couple's overall sexual satisfac-

tion. 

Despite the numerous studies cited in this chapter,

the predominant levels of evidence tend to fall

between systematic reviews of cohort studies

(level 2a) to expert opinion without explicit criti-

cal appraisal (level 5). The complexity of sexuality,

whether normal or dysfunctional, is created by

the interaction of the forces of culture, individual

development, individual psychology, interperso-

nal relationships, and biology. There is no sexual

behavior, solitary or partnered, that is not shaped

in some way by each of these five influences. 

Advances of medical and psychological therapies

for sexual dysfunctions need to be perceived

through this intricate biopsychosocial web. The

biopsychosocial model provides a compelling rea-

son for skepticism that any single intervention-

i.e., a PDE-5 inhibitor, supraphysiological doses

of a hormone, processing of childhood victimiza-

tion, marital therapy, pharmacotherapy of

depression, etc. can by itself be sufficient for most

patients or couple’s experiencing sexual dysfunc-

tion. This is especially true since sexual behavior

most often occurs in a dyad- with two individuals

who bring their unique histories, inhibitions, and

motivations to the treatment 

The goal of treatment is the restoration of lasting

and satisfying sexual function.

Clinical work demands that the therapist works

to understand all of the forces that caused the

problem even as they are providing treatment.

This requires the therapist to conceptually 

identify and separate the predisposing develop-

mental factors from the precipitating factors

from the contextual factors from the factors that

maintain the symptom. 

While the committee recognizes the reality that

all physicians and mental health professionals do

not have the same ability to work with biological,

cultural, interpersonal, and individual psycholo-

gical contributions to a given dysfunction, we

urge all professionals to guard against simplistic

thinking about the cause and treatment of any of

these problems We conclude this chapter by 

offering the following recommendations:

• 1. There is a vital need for collaboration 

between clinicians in the evaluation, treatment

and education surrounding sexual dysfunction.

Each discipline has something to contribute to

patient care.

• 2. In many cases neither psychotherapy alone,

nor medical intervention alone, is sufficient for

the lasting improvement of sexual problems

• 3. Assessment of male, female and couples'

sexual dysfunction should include inquiry

about : 

A. Predisposing Factors

B. Precipitating Factors

C. Maintaining Factors

D. Contextual Factors

• 4. Treatment of life-long and/or chronic dys-

function will be different from acquired/recent

dysfunction.

• 5. Research is needed to identify efficacious

combined and/or integrated treatments for

sexual dysfunction.

K. CONCLUSIONS AND

RECOMMENDATIONS
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The past 60 years have seen tumultuous changes in

many aspects of human sexuality, primarily due to

our development of a wide range of sophisticated

technologies.

These developments have, in various ways, affected

our sexual behaviour and, as a consequence, they

have also affected the traditional gender roles.

Antibiotics, the contraceptive pill and oral Erectile

Dysfunction (ED) therapies are examples of influen-

tial biomedical developments, but other technologi-

cal changes have also had dramatic effects. At the

beginning of the last century, mobility and commu-

nication were still quite limited and often the preser-

ve of the wealthy. Television, satellite communica-

tion and the Internet have led to an explosion in glo-

bal communication and access to knowledge, and are

increasingly becoming available to a much wider

public, including those in isolated, rural communi-

ties all over the world. The development of the air-

travel industry allows unprecedented global mobility

for millions of people who might previously have

never travelled further than the next city, let alone

outside their own country.

Medical practitioners nowadays not only have to

cope with familiar, local problems, and work within

familiar customs and practices, but they must now

also be aware of, and respect the sometimes very dif-

ferent perceptions of people who, although they live

in their community, come from many different cul-

tures from all around the world.

This committee has tried to address some of the chal-

lenges but, unlike most others, cannot provide a

wholly evidence-based report. Our work on educa-

tion and socio-cultural issues must, by its very natu-

re, be primarily descriptive. Ethics may be approa-

ched in a systematic manner but it is, and will

remain, a subjective discipline, influenced by widely

varying socio-cultural and religious factors. 

In our work, we have tried to embrace, and to cele-

brate, the wonderful diversity of human beings from

all around the globe. We have found that, from an

ethical viewpoint, there is so much more that unites

us than divides us. We hope that we have identified

some common ground that all health professionals

working in the new discipline of sexual medicine

can share. Respect, understanding and tolerance

must form the foundation of all our work.

1. INTRODUCTION

Ethics is a term used to describe the ways in which

we understand the moral life. Morality comprises the

norms for human conduct, what is right and what is

wrong. As well as standards of conduct, it includes

obligations, recommendations, rights and virtues.

Some are widely held throughout humanity, such as

prohibitions against killing, causing harm to others,

stealing and falsehood. Others are specific to the

community to which we belong and may not only

differ between communities, but what is permitted or

even virtuous in one may be forbidden or sinful in

another.

In an increasingly complex world, developments in

healthcare technology and international communica-

tions compel us to look very carefully at our assump-

tions as to what is ethical thought and action, the

essence of “doing right” and “not doing wrong“. In a

liberal, Western, Judaeo-Christian ethical tradition, it

is all too easy to universalise that worldview and to
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make moral and ethical judgements about the beliefs

and actions of others with a differing moral and ethi-

cal system, even though that system is just as sound-

ly based in their worldview. The world's major reli-

gious and socio-cultural traditions have far more in

common than they have to divide them, but there is

no “universal” system of morality and ethics. Heal-

th professionals, as citizens of the world, would do

well to reflect on that fact and respect (even if they

must disagree) with the sincerely-held views of

others. For medical doctors it is a must to live up to

their Hippocratic oath.

Many of the moral and ethical concepts surrounding

life, death, organ donation, abortion and many other

issues have been widely debated. Sexuality and

sexual behaviour have been less well explored, par-

ticularly in a wider public arena, because of their par-

ticular sensitivity, and their connection to a range of

widely differing socio-cultural and religious mores. 

In this chapter, there is no attempt to achieve a “uni-

versal” framework of ethics for sexual medicine.

Indeed, this is probably an impossible task. How-

ever, it will try to identify areas where those from

different traditions can agree, and increase our

understanding of why, in other areas, we cannot

agree.

2. MORALITY AND COMMUNITY

The “Universal Morality” comprises a set of norms

upheld by all morally serious people. A little reflec-

tion demonstrates how difficult it is to agree on any

universal norm binding on all people at all times. A

prohibition against killing another person seems like

a good candidate, but judicial killing is considered

morally acceptable by some and immoral in all cir-

cumstances by others. Abortion, whether for social

or therapeutic reasons, presents similar dilemmas.

Morality is usually community-specific and reflects

norms derived from institutional, cultural and reli-

gious sources. Norms may also operate in a hierar-

chy, the structure of which may vary between com-

munities, where some norms take precedence over

others.

Attitudes towards extra-marital sexual behaviour

vary greatly around the world. In some communities

and particularly in the West, such behaviour is accep-

ted, or at least tolerated. In others, it may, in some

circumstances, result in the judicial killing of the

perpetrators. Attitudes towards homosexuality vary

in a similar manner. On the other hand, polygamy is

most often criminalised in the West but is accepted in

the Muslim world, and even recommended if its

practice is thought to prevent adultery or other

immoral (as perceived in that community) behaviour.

Many of these norms arise from Holy Scripture.

Whether revealed in the Torah, New Testament, Holy

Koran or any other Scripture, such norms are consi-

dered by each community to be commanded by God

and unchangeable by man. Some Muslims find it

unacceptable that they might be criminalised in Wes-

tern countries for practising what is permitted by

their faith. Some Westerners find the penalties per-

mitted by Sharia law for homosexuality and adulte-

ry equally unacceptable. It is unlikely that common

ground, a universal norm, will ever be found, unless

all communities accept some new Revelation or

interpretation of Divine Will in the future. In the

meantime, the best hope that we have is to try to

understand and be tolerant of each others' viewpoint,

and to try not to insult or demonise each other.

Understanding, tolerance and the concept of mercy

can be found in most legal codes, including both

Sharia and the secular legal codes of the West.

A small survey was made at the Pan Arab Conferen-

ce on Sexual Dysfunction (Cairo, 2003).

Participants were: The Egyptian Orthodox church,

the Advisory Committee for Islamic Legalities, and

372 attending medical doctors. The following sub-

jects were discussed :

- Pornography, polygamy, prostitution.

- Masturbation, Female Sexual Mutilation.

- Homosexuality and Sexual Education.

a) Pornography

Both The Egyptian Orthodox Church and The Advi-

sory Committee for Islamic Legalities refused por-

nography as an art form and considered it a sin.

They also both refused the use of pornographic mate-

rial as a sexual aid for a couple's private use even if

they are married. They also refused its use in the

context of the diagnosis of Sexual Dysfunction. 

However, the Physician Survey showed that :

40% agreed to use pornographic material as a sexual

aid for couples while 60% refused.

62% agreed to its use during diagnosis of Sexual

Dysfunction while 38% refused.

b) Polygamy

The Egyptian Orthodox Church considered this a

subject for the Muslim community.
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The Advisory Committee for Islamic Legalities

considered polygamy a better solution than prostitu-

tion and unmarried sexual activity. Polygamy is

regarded as a better “sexual door” than both of the

above, and the committee asked for world wide

recognition of this Muslim religious right, which is

criminalized in certain parts of the world and consi-

dered as a form of discrimination against Muslims.

c) Prostitution Legalization

Both the Egyptian Orthodox Church and The Advi-

sory Committee for Islamic Legalities refused the

allowing of legalized prostitution in their society,

and they refused any claimed benefits for the socie-

ty.

The Physician Survey showed that : 6% agreed that

increased sexual freedom (including allowing legali-

zed prostitution) will decrease the incidence of rape,

while 94% did not agree.

d) Masturbation

The Egyptian Orthodox Church refuses it under all

conditions. The Advisory Committee for Islamic

Legalities did not encourage it but can allow it under

certain compelling conditions like fear of sin or rape,

but encourage early marriage if possible.

The Physician Survey showed that :

74% agreed to the use of masturbation to protect

oneself from adultery, while 26% refused.

Also, the use of masturbation for the non-married as

prevention for ED was supported by only 35% and

refused by 65%.

e) Female Genital mutilation All parties rejected the

act and encourage more social and educational

efforts to eliminate this illegal act.

f) Homosexuality

All parties refused to accept any rights or require-

ments in this context.

g) Sexual Education

Advisory Committee for Islamic Legalities: all rec-

ognized that sex education is lacking and its abscen-

ce causes social problems. Sex education should be

through schools after adjusting the content to each

age.

The Orthodox Church : sex education should be

conducted through the church in small groups or pri-

vate meetings.

The Physician Survey showed that :

58% are in favor of sexual education in schools,

while 42% are against it.

72% also agreed to sexual education in mosques and

churches and 28% were against it.

Regarding sexual education through/provided by the

media newspapers and magazines only 36% were in

favor and 64% had refused.

The use of the Internet or cinema as methods of

education was supported by 28% while 72% refused.

h) Conclusion

The topics of sexual concept, orientation, education

and rights in the Arab/Muslim World, as well as the

Orthodox Church, are sensitive subjects. The free-

dom to discuss these areas is limited within medical

and religious communities and largely restricted in

the media. The committee recognizes that this survey

is small, but describes an actual situation.

3. A FRAMEWORK OF MORAL PRINCIPLES FOR

SEXUAL MEDICINE

In their book, Principles of Biomedical Ethics,

Beauchamp and Childress [1] describe a framework

of moral principles that is useful when considering

ethical issues in sexual medicine. They consider

morality to include of a set of widely (although not

necessarily universally) accepted principles that are

central to the study of biomedical ethics.

Respect for autonomy : the principle of acceptance

of the right of a patient to make informed choices

about their life and actions, including choices about

healthcare and sexual activity, without interference

from others. Respect for autonomy relies, therefore,

on a patient 

- giving consent to participate in a given course of

action (such as a surgical procedure, taking medi-

cation or engaging in psychotherapy) with or at the

recommendation of the health professional 

- being competent to give consent (having the cogni-

tive capacity to make autonomous choices, without

significant impairment as a consequence of mental

health problems or intoxication) 

- having the knowledge and understanding to give

that consent in an informed manner, to include an

understanding of the nature and purpose of the

action, its benefits and risks, available alternative

options for action or inaction, and the likely conse-

quences of each

- being able to make choices about self-governance

without undue influence from other individuals or

society; individuals may, by the same principles,
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consent to surrender some degree of autonomy as

a requirement for membership in a social or reli-

gious community.

When considering issues of autonomy and consent,

health professionals should carefully consider whe-

ther a patient is being unduly influenced by their

partner, family or social group. A patient consenting

to surrender some degree of their autonomy as a

requirement for membership in a community is ethi-

cally acceptable, but the consent must be freely

given by a competent individual who is not acting

under any form of duress. Patients will sometimes

seek treatment for a sexual problem that they are

experiencing for reasons other than for their own

physical or emotional benefit. They may indicate

that the treatment is for the benefit of their partner or

to facilitate the maintenance of their relationship.

The patient may perceive that the treatment might

bestow benefits not foreseen by the professional.

Again, provided that consent is freely given by a

competent individual who is not acting under any

form of duress, this should be ethically acceptable.

In sexual medicine, health professionals have an

obligation to respect the autonomy of any individual

that they treat, regardless of that individual's reli-

gious or socio-cultural tradition, race, gender or

sexual orientation. They may not share the ethical

worldview presented to them but they are obliged to

respect the individual's autonomy, right to self-

governance and choice. If there is an insurmountable

conflict between the ethical worldview of patient and

professional, the professional should respectfully

explain this and suggest other sources where the

patient might obtain healthcare advice. Neither

patient nor professional should be obliged to betray

their moral code but, equally, neither should impose

their moral code on others to their detriment. Diffi-

culties will undoubtedly remain where the legality of

actions is involved, such as with abortion, homo-

sexuality and extra marital sex.

“Nonmaleficence” : the principle of refraining from

causing harm, or undue risk, to a patient by direct

action or neglect. Clearly, this involves not causing

injury, pain or offence, but it also prohibits negligen-

ce. In order to determine whether negligence has

occurred, we also need to determine the standard of

care that should be expected of a health professional in

a particular circumstance. This might involve diligent-

ly exercising proper skill in performing a procedure

and also refraining from attempting procedures that

the professional is inadequately trained to perform.

Generally, the health professional will not delibera-

tely recommend or provide a treatment that causes

harm to their patient. However, almost all treatments

bear some risk and informing the patient of the natu-

re and extent of the risk is a part of the above-men-

tioned principle of respect for autonomy. Surgical

procedures often convey a risk of morbidity and

mortality. Psychotherapy may result in unforeseen or

unwanted effects on interpersonal relationships, lea-

ding to some form of loss. Drug therapy frequently

has unwanted side-effects, from relatively benign

symptoms like dyspepsia and flushing (PDE5 inhibi-

tors), though priapism and penile fibrosis (intraca-

vernosal alprostadil), to exacerbating cancer, throm-

bo-embolic disorders and sudden death (sex steroids,

such as testosterone and oestrogen). Provided that

the risks and benefits have been considered, and that

both the professional and the patient have had the

opportunity to be involved in agreeing to that balan-

ce, the risk might be ethically acceptable.

It is ethically unacceptable for a health professional

to recommend or provide a treatment that has been

demonstrated as ineffective. In most circumstances,

procedures for penile augmentation (attempts to

increase penile length or girth) would fall into this

category. Female genital mutilation will always fall

into this category. Some would argue that male cir-

cumcision, other than for a clear medical indication,

might also fall into this category. However, this is a

highly complex matter that cannot be dealt with sim-

plistically. 

Beneficence : the principle of not only taking action

to benefit a patient, but also, where possible and in

most circumstances, to remove or prevent harm. It

also includes defending the rights of the patient. This

principle should be applied impartially, so that the

professional acts with equal beneficence towards all

patients, regardless of their religious or socio-cultu-

ral tradition, race, gender or sexual orientation. Non-

maleficence is, in most circumstances, obligatory.

Beneficence is often recommended and only rarely

obligatory. The strength of any recommendation to

act with beneficence will vary, depending upon the

duty of care the professional has towards their

patient and the degree of burden (economic or perso-

nal) or risk that the act will impose upon them. Into

this category fall several sorts of preventive or pro-

phylactic measures.

Paternalism is a maladaptation of beneficence,

where the professionals take what they presume to be

a beneficent action without due respect to the auto-

nomy of the patient. A gross example would be for
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the professional to take therapeutic action without

the patient's consent. An example of a less severe but

still paternalistic action would be where the profes-

sional presents the patient only with treatment

options that they thought suitable for them, even

though other reasonable options exist. True benefi-

cence is to be encouraged and paternalism avoided.

Justice : the principle of providing healthcare in a

fair, equitable and appropriate manner; in essence,

equals should be treated equally. Men and women

should have equal access to and quality of care,

regardless of their religious or socio-cultural tradi-

tion, race or sexual orientation.

Disputes over equity of access to healthcare are

increasingly common, particularly as resources are

usually limited or scarce. There are stark differences

around the world. In some countries, there are bare-

ly adequate resources available to feed the people

and to provide protection against harm from preven-

table infectious diseases. Sexual medicine is most

unlikely to be a priority in their healthcare systems.

In others, sexual medicine services are available but

may be rationed in some manner, according to the

principles of distributive justice. However, there is

no universal system of distributive justice. Utilita-

rian, libertarian (predominant in the USA), commu-

nitarian (predominant in the EU) and egalitarian

theories all have their proponents and all have their

strengths and weaknesses. 

Dignity : Respect for “Dignity” : The principle of

respect for human dignity is stated in Article 1 of the

Universal Declaration of human rights.

“All human beings are born free and equal in digni-

ty and rights. They are endowed with reason and

conscience and should act towards one another in a

spirit of brotherhood”.

The respect of human dignity is applied in various

codes of medical ethics and in the Principles of Euro-

pean Medical Ethics : CIOMS 1995 : art. 1

“The vocation of the physician is to protect the phy-

sical and mental health of Man and to relieve his

suffering in the respect of life and dignity of the

human person, without any discrimination of age,

race, religion, nationality, social condition, and

political ideology, or any other reason, in time of

peace and in time of war”.

The principle of dignity is related to the principle of

freedom and should not be considered as a legal

constraint or an “evidenced fact” by the physician

but, rather, as a value to be recognized. It is not a

measurable principle.

Respect for human dignity is just as important as our

right to personal freedom. It is not a relative prin-

ciple that can be measured or quantified, but an abso-

lute value that is the birthright of every human being.

It is not conditional upon conformity or other social

factors but is an innate value possessed in equal mea-

sure by us all.

The everyday working lives of every health profes-

sional are filled with ethical dilemmas. Those who

are working in sexual medicine are no exception, and

they also face the additional challenge of working

with issues that are charged with a diversity of social,

cultural and religious requirements and restrictions,

particularly in multi-cultural societies. There are few,

if any, universally right answers to ethical questions

but all health professionals have a duty to consider

each question in a morally serious manner. They

may use the five principals described above, respect

for autonomy, nonmaleficence, beneficence, dignity

and justice, to describe the ethical dimensions of the

problem, considering it within the worldview of the

patient, society and themselves. In cases of doubt or

difficulty, they would be well-advised to share the

dilemma with respected colleagues, whilst preser-

ving the right to privacy and confidentiality of their

patient, and, where relevant, to document the reaso-

ning. On some occasions, they may also need to seek

legal guidance.

Here is one example. A man with a 13cm flaccid,

stretched penis requests that a surgeon perform peni-

le augmentation surgery, as he is dissatisfied with the

length of his erect penis. The principal of respect for

autonomy seems to require the surgeon to allow the

patient to choose a particular course of action, provi-

ded that they can be shown to be competent, infor-

med and are not acting under duress. The principal of

beneficence recommends that the surgeon take

action to ease the patient's psychological distress,

which might include surgery. Justice requires the sur-

geon to act in a similar manner for this patient as for

any other, regardless of financial, social, cultural,

religious, racial or other factors. The principal of

nonmaleficence requires that the surgeon does not

recommend or provide a treatment that has been

demonstrated as ineffective. There is no surgical pro-

cedure that has been demonstrated as effective in

increasing the length of the erect penis. The morally

serious surgeon would have to give precedence to the

principle of nonmaleficence over their respect for

the patient's autonomy. To perform an augmentation

could not be considered beneficent and in this case,

justice would require that all patients making a simi-
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lar request should be managed in the same way, irres-

pective of whether the treatment was to be funded

privately or through a state-funded healthcare sys-

tem. Documenting this decision-making process may

be helpful in defending the decision if the patient

were later to make a complaint against the surgeon.

4. DIVERSITY

Diversity and freedom of expression are highly

valued in most societies but only within limits. Those

limits vary from community to community and no

universal agreement on what is acceptable with res-

pect to sexual behaviours, sexual orientation and

gender identity is currently possible. Health profes-

sionals working in a specific community have an

obligation to uphold the law within that community

and, usually, will have the autonomy to leave that

community if they cannot accept some of its norms.

Their patients will have similar responsibilities and

rights, but conflicts will almost inevitably arise.

As sexual function problems are unlikely to be life-

threatening, the health professional has the option of

being able to refuse to act in a way that condones any

behaviour in serious conflict with their moral code.

Their duty to respect the confidentiality of any infor-

mation revealed to them by their patients should

remain binding upon them unless non-disclosure is

likely to result in serious harm occurring to others.

For example, if the professional is aware that their

patient has, or is about to commit a serious sexual

assault, their duty of beneficence towards others

usually would outweigh their duty of confidentiality

towards the individual.

The concept of sexual rights has appeared in litera-

ture in the course of the last two decades. Its link to

medical action is not clear for many physicians, a

difficulty very understandable as this concept derives

from disciplines not close to medicine. Sexual rights

are human rights. They are not new rights created

within a specific political environment, but they are

statements that intend to relate the language of

human rights to sexuality [2].

The World Health Organization has held a Consulta-

tion to develop working definitions of sex, sexuality

and sexual health in January 2002. During this

consultation, it was agreed that sexual rights are a

necessary condition for sexual health. The working

definitions arrived at by the WHO consultation are:

a) Sex

Sex refers to the biological characteristics which

define humans as female or male.

These sets of biological characteristics are not

mutually exclusive as there are individuals who pos-

sess both, but these characteristics tend to differen-

tiate humans as males and females. In general use in

many languages, the term sex is often used to mean

“sexual activity”, but for technical purposes in the

context of sexuality and sexual health discussions,

the above definition is preferred. 

b) Sexuality

Sexuality is a central aspect of being human throu-

ghout life and encompasses sex, gender identities

and roles, sexual orientation, eroticism, pleasure,

intimacy and reproduction.

Sexuality is experienced and expressed in thoughts,

fantasies, desires, beliefs, attitudes, values, beha-

viours, practices, roles and relationships. While

sexuality can include all of these dimensions, not all

of them are always experienced or expressed. Sexua-

lity is influenced by the interaction of biological,

psychological, social, economic, political, cultural,

ethical, legal, historical and religious and spiritual

factors.

c) Sexual health

Sexual health is a state of physical, emotional, men-

tal and social well-being related to sexuality; it is not

merely the absence of disease, dysfunction or infir-

mity [3]. Sexual health requires a positive and res-

pectful approach to sexuality and sexual relation-

ships, as well as the possibility of having pleasurable

and safe sexual experiences, free of coercion, discri-

mination and violence. For sexual health to be attai-

ned and maintained, the sexual rights of all persons

must be respected, protected and fulfilled 

d) Sexual rights

Sexual rights embrace human rights that are already

recognized in national laws, international human

rights documents and other consensus documents.

These include the right of all persons, free of coer-

cion, discrimination and violence, to :

- The highest attainable standard of health in relation

to sexuality, including access to sexual and repro-

ductive health care services ; 

- Seek, receive and impart information in relation to

sexuality ; 

- Sexuality education ; 

- Respect for bodily integrity ; 

- Choice of partner ; 

- Decide to be sexually active or not ; 
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- Consensual sexual relations ; 

- Consensual marriage ; 

- Decide whether or not, and when to have children;

and 

- Pursue a satisfying, safe and pleasurable sexual life. 

The responsible exercise of human rights requires

that all persons respect the rights of others.

(http://www.who.int/reproductive-health/gender/

sexual_health.html#4)

Whether sexual rights can be demonstrated empiri-

cally  is a question still awaiting  a definitive answer.

What is clear, at least in the above mentioned review,

is that the definition of sexual rights permits the

identification of a certain minimum to be achieved,

below which the presence of human sexual problems

(pathology) can be identified and above which the

pursuit of sexual health can be articulated. 

5. WORLD ASSOCIATION OF SEXOLOGY

(WAS) DECLARATION OF SEXUAL RIGHTS

At the 14th World Congress of Sexology in Hong

Kong, the World Association of Sexology adopted

the following Declaration of Sexual Rights on

August 26, 1999.

“Sexuality is an integral part of the personality of

every human being. Its full development depends

upon the satisfaction of basic human needs such as

the desire for contact, intimacy, emotional expres-

sion, pleasure, tenderness and love. 

Sexuality is constructed through the interaction bet-

ween the individual and social structures. Full deve-

lopment of sexuality is essential for individual, inter-

personal, and societal well being. 

Sexual rights are universal human rights based on the

inherent freedom, dignity, and equality of all human

beings. Since health is a fundamental human right, so

must sexual health be a basic human right. 

In order to assure that human beings and societies

develop healthy sexuality, the following sexual

rights must be recognized, promoted, respected, and

defended by all societies through all means. Sexual

health is the result of an environment that recognises,

respects and exercises these sexual rights. 

a) The right to sexual freedom

Sexual freedom encompasses the possibility for indi-

viduals to express their full sexual potential. How-

ever, this excludes all forms of sexual coercion,

exploitation and abuse at any time and situation in

life. 

b) The right to sexual autonomy, sexual integrity,

and safety of the sexual body

This right involves the ability to make autonomous

decisions about one's sexual life within a context of

one's own personal and social ethics. It also encom-

passes control and enjoyment of our own bodies free

from torture, mutilation and violence of any sort. 

c) The right to sexual privacy

This involves the right for individual decisions and

behaviours about intimacy as long as they do not

intrude on the sexual rights of others. 

d) The right to sexual equity

This refers to freedom from all forms of discrimina-

tion regardless of sex, gender, sexual orientation,

age, race, social class, religion, or physical and emo-

tional disability. 

e) The right to sexual pleasure

Sexual pleasure, including autoeroticism, is a source

of physical, psychological, intellectual and spiritual

well being. 

f) The right to emotional sexual expression

Sexual expression is more than erotic pleasure or

sexual acts. Individuals have a right to express their

sexuality through communication, touch, emotional

expression and love. 

g) The right to sexually associate freely

This means the possibility to marry or not, to divor-

ce, and to establish other types of responsible sexual

associations. 

h) The right to make free and responsible repro-

ductive choices

This encompasses the right to decide whether or not

to have children, the number and spacing of children,

and the right to full access to the means of fertility

regulation. 

i) The right to sexual information based upon

scientific inquiry

This right implies that sexual information should be

generated through the process of unencumbered and

yet scientifically ethical inquiry, and disseminated in

appropriate ways at all societal levels.

j) The right to comprehensive sexuality education

This is a lifelong process from birth throughout the
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life cycle and should involve all social institutions. 

k) The right to sexual health care

Sexual health care should be available for prevention

and treatment of all sexual concerns, problems and

disorders. 

“Sexual Rights are Fundamental and Universal

Human Rights”

Aside from specific prohibitions towards male mas-

turbation and certain forms of contraception in some

codes, this declaration appears to be compatible with

the major religious and socio-cultural traditions, and

should be, as far as is morally acceptable within

those traditions, adopted and promoted.

Most traditions have affirmed, admittedly in very

different terms, some of these rights for millennia but

others may be more problematic. The behaviours

seen to comprise the “right to sexually associate free-

ly” will be very different from a liberal, secular

viewpoint than from a conservative, religious view-

point, be it Judaeo-Christian, Muslim or Hindu. The

right “to divorce” or “to establish other types of res-

ponsible sexual associations” may be particularly

troublesome for observant members of some com-

munities.

Attitudes towards the morality of enjoyment of

sexual pleasure vary considerably. In much of the

Christian West, “continence”, abstention from

sexual behaviour was traditionally recommended. In

Jewish tradition and in the East, particularly in India,

sex was celebrated as a gift from God that might

offer mystical insights. In the Muslim world, sex is

clearly reserved to married couples but the Holy

Koran is curiously modern in the instruction it gives

to the faithful in these matters. Women are to be res-

pected and their needs fulfilled. Foreplay is impor-

tant and men are commanded, “Let-not the one of

you fall upon his wife like a beast (camel) falls. It is

more appropriate to set a messenger afore the act”.

Equally interesting is the instruction, “Women have

rights even as they have obligations in an equitable

way”. 

1. FEMALE SOCIAL CULTURAL ISSUES (AFRICA)

Cultural issues and social mores play an important

role in the acceptance and achievement of normal

sexual function for both men and women. Tradition,

law, education, and the status of women are impor-

tant indicators of the reproductive function of and

freedom of women [4-6]. Cultural mores dictate a

woman’s freedom during her entire live span. This

includes marriage, pregnancy, menses and postpar-

tum. It also includes specific tribal customs. The

acceptance and availability of prostitutes in a parti-

cular country will also be important determinants.

Sexually transmitted infections (STIs) often change

the dynamics of cultural practices in a particular

region. 

A specific issue impacting on the sexual health of

women is the tradition of Female Genital Cutting

(FGC or FGM) [4, 7-19]. The origin of the practice

of FGC cannot be traced. It has been attributed to

religion, tradition and culture. The term Female

Genital Cutting, which is gaining acceptance, is a

culturally neutral term unlike female genital mutila-

tion [9, 20-23]. The use of the term Female Genital

Cutting is to be encouraged. Other terms used have

been Female Genital Mutilation (FGM) and Female

Circumcision (FC). The term mutilation is offensive

to the involved population. The term female circum-

cision is clearly inaccurate and refers to the removal

of part of the prepuce, if this were possible.

FGC is primarily a prepubertal custom or a rite of

passage. It is a physical marking of a woman's mar-

riage ability, the ensurance of virginity, and the for-

mation of a chastity belt of her own tissue. This rite

symbolizes the differences between the sexes and

clearly establishes female identity. In some cultures,

protecting the female child as a virgin clearly is very

important. Her value increases; her lineage is clearly

identified and she is saleable as a commodity. The

perpetuation of this custom is difficult to understand

since the risks to the health of women are so great.

However, harm is not the intention. It is done to

ensure that the daughters fit into the community and

are marriageable. With time these traditional prac-

tices will be replaced [23, 24].

The term FGC represents surgical excisions from

removal of the clitoral prepuce to complete removal

of the clitoris and parts of the labia minora, and occa-

sionally the majora, suturing the remaining tissue to

occlude the external genitalia.

Women are fertile although sexual intercourse is

impeded. Several providers have noted that pregnan-

cy occurs despite the absence of a vaginal opening

sufficient for penetration of the penis. This would

suggest that sperm have somehow managed to access

II. SOCIO-CULTURAL ISSUES
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the appropriate pathway from outside the vagina.

One report states that intercourse may take place in

some through a false vagina or through the anus [25-

26]. Childbirth also requires appropriate care, inclu-

ding anesthesia and a mid-longitudinal cut, to avoid

extensive tearing and obstetrical delay. In many

areas infibulated women would have been prepared

with deinfibulation in the second trimester [26].

Does FGC allow women to have a normal and ful-

filling sexual relationship ? The ability to “engage in

a mutually fulfilling sexual relationship is an impor-

tant element in reproductive health” [27]. It is not

clear whether FGC allows a woman to have a

mutually fulfilling sexual partnership. The role of

FGC in the normal cycle of sexuality in women is

unclear. It is also difficult to look with western eyes

to 'sexuality in another culture. It is a known fact,

however that in the South East of Nigeria, one of the

reasons given by cutters and believers of FGC is that

it will reduce the woman's libido. This occurs in a

culture where the woman is not allowed to initiate

sex or openly show she enjoys sex  [28]. Although

FGC is supposed to control sexuality before marria-

ge these same women are expected to be sexually

responsive to their spouses in marriage. It is repor-

ted, anecdotally, that men believe uncircumcised

women are difficult satisfy sexually. Dyspareunia

may be universal. Coital difficulty or inability to

have vaginal intercourse at all because of stenosis of

the vagina may affect up to 35% of Pharaonically

circumcised women. Some women interviewed in

Sudan who had undergone FGC had no idea of the

existence of an orgasm. It is probable that sexual

pain disorders may play a role and have an indirect

effect on desire, arousal and orgasmic sexual res-

ponses. Sexual dysfunction is highly associated with

negative experiences in sexual relationships and ove-

rall well-being. Sexual complications include the

pain and fear that may accompany sexual intercour-

se and can lead to marital problems [7].

Major sexual complications of FGC have not been

researched ; however, anecdotal reports confirm

these problems.

More research in this area needs to be done to eva-

luate the contradictory and conflicting reports and

evaluate differences between 'climax' and both clito-

ral and vaginal orgasms [14, 17].

Most immigrant women do not feel comfortable dis-

cussing intimate problems with health care workers

they view as strangers. Toubia (1999) [19] cautions

health workers to first assume that satisfactory

sexual and emotional relationships exist in couples

regardless of the degree of the women's genital cut-

ting.

a) Other traditional practices

Unlike the Western world, the perception of a lubri-

cated vagina does not appear to be the ideal state in

many African countries.

'Dry sex' refers to the preference for a dry, tight vagi-

na during sexual intercourse [30]. Women in selected

sub-Saharan African countries, e.g. Southern and

Central Africa have been found to use a variety of

drying agents to achieve these effects as well as vagi-

nal incisions [29, 31-33-38]. These reports include

the following Subsaharan countries : Malawi, Zaire,

Zambia, Zimbabwe, That is, agents are thought to

dry and tighten a woman's vagina, and also to serve

as 'love potions' to attract sexual partners and ensu-

re their faithfulness. Participants reported that drying

agents had physical and psychological conse-

quences.

Dry sex has been regarded as a necessary part of suc-

cessful marital relations in some countries [34] .The

practice appears to be wide spread in Zambia irres-

pective of educational level. The major reason given

by women for the practice is that it increases men's

sexual satisfaction, it ensures marital fidelity, and it

maintains the woman in a 'virginal' state - a state that

is prized by men [34, 39]. 

The most common purpose of the herbs and other

agents was to make the vagina tight for sexual enjoy-

ment and to create friction during intercourse. These

agents provided the necessary grip and rough

surface needed for a pleasurable sexual experience

for the man. It is presumed that these agents make

the vagina small by drawing the moisture out of it,

which also makes it dry [34].

Substances used include powdery herbs or agents

directly on the vagina, insertion of the herb or agent

for a particular length of time and wrapped in cotton

wool, a clean cloth or a stocking before inserted, and

at times a vaginal slit made to place the agents. 

These agents were available from traditional healers

(N'angas), sold at major bus terminals. Results sug-

gested that the majority of the respondents in that

study by Pitts et al [34] were against the practice.

Women believed that the practice was a reflection of

female oppression. In one Malawain study the use of

these traditional practices of intravaginal herbs ran-

ged between 35% of married women and 42% of

prostitutes questioned [33].
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The most common mode of HIV transmission is

heterosexual intercourse. Implications of the 'dry

sex' practice for AIDS prevention programs and

development of new HIV prevention technologies

are discussed. “Dry sex preferences clearly have

implications for HIV risk. There was agreement

among participants that condoms frequently broke

when used in conjunction with drying agents. Parti-

cipants primarily attributed condom breakage to

excessive vaginal tightness. Lubricants were not rou-

tinely used during sex or with condoms. However,

participants preferred the use of lubricated condoms

when they used condoms. Although vaginal dryness

was not found to deter the use of condoms, some

women were reluctant to use condoms for fear of

blocking the 'magic' of drying agents” [33].

b) What are these products ?

These substances include herbs, chemicals, e.g. cop-

per sulphate and fertilizers, and common household

items [29]. They are frequently used, especially after

childbirth, to make the vagina tight. One concept is

that they make the body warm, dry and tighten the

vagina and improve sexual drive [37]. A wet vagina

can make embarrassing sounds during intercourse.

Drying agents include : non-traditional household or

pharmaceutical agents, e.g., Vicks, love drops, tissue

newspaper, cold water, dental antiseptic, tiger balm,

alub powder, sugar and salt, ice cubes, Colgate too-

thpaste/Colgate and salt [29-30].

Although this practise appears harmful, especially

when associated with other traditional practises, it

should be remembered that there is a very high pre-

valence of bacterial vaginosis with associated secre-

tions in these areas.

c) Summary

Changes in reproductive rights and information must

change the culture of silence that has been associated

with sex education and contraceptive understanding.

Young girls must be informed about what FGC

actually entails, and appropriate reproductive educa-

tion to prevent infections. There are many challenges

in understanding issues of sexuality for women in dif-

ferent countries. Traditional practices may have

encouraged women to recognize, participate, and ini-

tiate sexual pleasure as a married woman. Although

the traditional polygamous unions were life long and

recognized under current statutes in many African

Countries, the search for employment in Africa has

moved millions of women and men. Many men have

travelled to urban areas leaving behind families and

creating new families in the cities for what may be

temporary urbanized arrangements. 

2. MALE PENILE CIRCUMCISION

About one-fifth of the world's men have been cir-

cumcised, mostly for religious and cultural reasons

[40-43]. The first evidence of circumcision comes

from early Egyptian wall paintings that are more

than 5000 years old. Its true origins and purpose are

lost in the very earliest mists of time and it has per-

sisted as a central feature of many cultures all over

the world [44].

Circumcision is commonly performed for religious

and cultural reasons shortly after birth or around

puberty. Although adult circumcision is occasionally

performed as an act of religious dedication, adul-

thood is the most common time that the operation is

performed for medical reasons.

Non-religious circumcision is widely practised in the

USA. At present, up to 80% of US males have been

circumcised [41]. The incidence of neonatal circum-

cision in the US has fallen from 90% in the 1950s to

around 60% today. In Korea, more than 90% of men

have been circumcised, mostly without medical jus-

tification, usually in their teens and twenties

(www.circumstitions.com last accessed September

18, 2003).

In the UK in 1948, around 20% of boys were cir-

cumcised shortly after birth. It was more prevalent in

the south of England and was associated with higher

socio-economic status. By 1975, the prevalence had

fallen to 6%.

Reasons for circumcision fall into three broad groups

• Circumcision as an act of religious dedication

• Circumcision to prevent future disease

• Circumcision for an immediate medical 

indication

a) Circumcision as an act of religious dedication

The circumcision of male children is a common fea-

ture of both Judaism and Islam. It is also important

in many African and New World cultures.

In Judaism, circumcision is a commandment and,

for most Jews, there is no room for debate on the

matter. In the book of Genesis (17:10-14), circumci-

sion represents the covenant made between God and

Abraham, and his descendants. It is repeated in the

book of Leviticus (12:4), “On the eighth day the

flesh of his foreskin shall be circumcised”. It would
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usually be performed on the eighth day after birth,

unless there were a danger to the child's health, in

which case it should be delayed until that danger had

passed. A father who delays or fails to circumcise his

son might be considered to have betrayed the Cove-

nant between the Jews and God. Traditional religious

circumcision would be performed by a mohel (pro-

nounced mo-hell in Hebrew or moyle in Yiddish). In

the UK, mohelim undergo a period of training and

will attend 40 to 50 circumcisions and have to pass

practical and theoretical examinations before perfor-

ming one alone, in other countries the Rabbi or a

Jewish doctor performs the ritual depending on the

legal situation. 

Circumcision is not mentioned in the Holy Koran,

but has the status of Sunnah (Prophet's tradition).

The divine law, or Sharia, defines every aspect of

Muslim life. It is based upon the Koran, the Hadith

(the sayings of the Prophet Mohammed) and the

Sunnah. All Muslims agree that these are the three

sources of Islamic law, but different groups interpret

their application in different ways. Only the Shafiite

school of law regards circumcision as obligatory

(wajib), whilst the Hanafite, Jafarite, Malikite, Han-

balite and Zaidite regard it as only recommended, as

it is Sunnah. Even those who consider circumcision

an obligatory duty upon themselves do not see it as a

legally essential requirement for others in becoming

a Muslim. However, it is very widely practised and is

certainly seen as an important external symbol of

submission to God's will.

An increasing number of committed Jews and Mus-

lims reject circumcision on ethical grounds, although

they are certainly in a minority at present. Attitudes

to circumcision may provoke fierce hostility within

families and amongst communities.

In Africa, two varieties of circumcision are com-

monly practised. Amongst the South East Bantu, in

Central and Western Africa, the entire foreskin is

removed at one stroke. Amongst the Masai in Eas-

tern Africa, the foreskin is incised from the coronal

sulcus to the preputial margin. Circumcision is seen

as a central part of a ritual symbolising the transition

from childhood to adulthood. During this period of

transition, the peri-pubertal young man will often

live apart from the family unit and village. Comple-

tion of the ritual is seen as necessary for them to

become full members of their society and to marry.

b) Circumcision to prevent future disease

Prevention of disease is the next most commonly

cited indication, although the evidence that it has any

beneficial effect on future health is poor [45-46]. It

is, more likely, rooted in cultural traditions, although

the western medical communities may find this an

uncomfortable conclusion.

Penile Cancer: Penile cancer is a rare disease and, in

the early part of this century, was almost unheard of

in circumcised men. However, the benefit may be

related to the timing of circumcision and adult sur-

gery may not offer any protection. Personal hygiene,

smoking and exposure to human papilloma virus are

at least as important as risk factors. As circumcised

men are more at risk from penile warts, their risk of

developing penile cancer is now approaching that of

uncircumcised men. Routine circumcision cannot be

recommended as a preventive measure against peni-

le cancer.

Sexually Transmitted Diseases (STDs) :

There are far more effective and reliable methods of

reducing the risk of contracting STDs than circumci-

sion, such as the use of condoms and adoption of

safer sexual practices, and it cannot be recommended

as a preventive measure.

Human Immunodeficiency Virus infection (HIV) :

There are conflicting views on the role of circumci-

sion in the prevention of HIV infection. A review in

the British Journal of Urology concluded that there is

no link between the foreskin and HIV infection whil-

st another in the British Medical Journal takes exact-

ly the opposite view [47]. Circumcision may be

appropriate as a routine preventive measure in coun-

tries where there is a high prevalence of infection,

such as sub-Saharan Africa. There is inadequate evi-

dence to recommend it as a preventive measure in

other parts of the world.

c) Sexual Function and Penile Circumcision

Two recent studies had conflicting conclusions, one

(prospective) with 15 adult men with foreskin pro-

blems (phimosis, balanitis) [48], and the second

retrospective with 43 adult men (responding out of

123 men), who also for medical reasons had circum-

cisions performed [49]. Both studies included ques-

tionnaires related to erectile and ejaculatory func-

tion, and sexual interest. The prospective study

concluded that circumcision does not have adverse

effects on male sexual function, while the retrospec-

tive study concluded that worsened erectile function

and decreased penile sensitivity occur after the sur-

gical procedure. The committee has not been able to

identify any properly conducted studies regarding

physiological function of the penis in adult men who

have been circumcised as infants, compared to uncir-

cumcised men.
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d) Conclusions

Circumcision will remain a controversial procedure,

as it has already been for thousands of years. Male

circumcision is perceived as vitally important in

some religious and cultural groups. Hopefully, the

use of general anaesthesia in infant circumcision will

increase and medical and religious authorities should

work together to promote this change.

There are very few absolute medical indications for

circumcision, and none for routine circumcision out-

side of areas with a high prevalence of HIV infec-

tion. Far too many circumcisions are performed

without good reason in Europe and the USA and this

practice should be deprecated. The best advice is “if

it isn't absolutely necessary, don't circumcise”.

3. THE ETHICS OF PENILE ENLARGEMENT

SURGERY

The 1st International Consultation on Erectile Dys-

function (Paris, 1999) only recommended surgery in

patients with stretched or erect penile length of < 7.5

cms or in men with a flaccid length of < 4 cms. The

committee noted a significant and growing number

of men with normal penile dimensions demanding

penile enhancement surgery and sadly this trend has

continued. 

Many men do not consult their GP's regarding

concerns about penile size but often respond directly

to advertisements placed in newspapers and male

magazines by private clinics. Dissatisfaction with the

results of surgery is high, as is the complication rate.

Problems are mainly associated with inappropriate

case selection and by the severe limitations of the

surgical procedures offered.

Some men who seek so-called penile enhancement

surgery suffer from a body dysmorphic disorder or

from social phobia and social anxiety disorder. These

men require assessment by a psychiatrist or other

appropriate specialist with a particular interest and

expertise in sexual problems, who works indepen-

dently from the surgeon who might perform the pro-

cedure. 

The independent specialist should, when it is appro-

priate, provide the surgeon with a letter of recom-

mendation for surgery, giving a comprehen-sive

account of the patient's mental and physical    health,

together with any relevant information on social and

relationship issues. We consider that it is unethical to

operate on men with a penile size within the normal

range for financial gain.

1. UNDERGRADUATE TEACHING AT MEDICAL

SCHOOLS

In a recent study on sexual health training in medical

schools in the USA and Canada, the 141 medical

schools in the U.S. and Canada were surveyed and

101 valid responses were returned. A total of 84

respondents (83%) used a lecture format. A single

discipline was responsible for this teaching in 32

III. EDUCATIONAL ASPECTS
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Most: 

• Europeans • Polynesians (Samoa, Tahiti, Tonga, Niue,

• Men of the former Soviet Union Tokelau) and Melanesians (Fiji, Vanuatu, parts

• Central and South Americans of Solomon Islands and small parts of PNG)

• New Zealand Maori scores of thousands of aboriginal Australians

• Younger men of Britain and the Commonwealth



(31%) schools, but a multidisciplinary team was res-

ponsible in 64 (63%) schools (five schools failed to

respond to the question). The majority (54%) of the

schools provided 3-10 h of education. Causes of

sexual dysfunction (94%), its treatment (85%) alte-

red sexual identification (79%) and issues of sexua-

lity in illness or disability (69%) were included in the

curriculum of 96 respondents. Only 43 (42%) of

schools offered clinical programs, which included a

focus on treating patients with sexual problems and

dysfunctions, and 56 (55%) provided the students in

their clerkship with supervision in dealing with

sexual issues. In conclusion, expansion of human

sexuality education in medical schools may be

necessary to meet public demand for an informed

health provider [69].

In a survey of 25 UK medical schools' teaching on

ED to undergraduates, only 9 indicated that the sub-

ject was covered within their curriculum and only 5

provide significant exposure within an integrated

programme of teaching on sexuality. The others sta-

ted that ED is covered by a 30 - 60 minute lecture,

either during urology or gynecology attachments.

In a global survey undertaken in collaboration bet-

ween ISSIR (Int. Soc. for Sexual and Impotence

Research), WHO, and World Federation of Medical

Education (WFME), it can be tentatively concluded

that approximatively 30% of medical schools have

no educational programme in human sexuality or

Sexual Medicine. Fifty per cent have less than 10

hours teaching and it seems mostly related to repro-

duction.

The disciplines mostly involved in teaching are

Gynecology, Psychiatry and Urology: 15% have

more than 20 hours of teaching with multidisciplina-

ry faculties.

Thus, the need for intensifying undergraduate tea-

ching,, including an actual curriculum, is clearly

demonstrated in these surveys.

An initiative taken by ISSIR’s educational commit-

tee (www.issir.org) has the purpose of creating a glo-

bally applicable curriculum (www.medsexedu. net)

This committee recommends an intensified global

strategy in the future teaching of medical doctors in

Sexual Medicine.

Training of Health Professionals in Sexual Health, as

suggested by PAHO (the America’s regional WHO),

2000.

Basic sexual health education should form an obli-

gatory part of the learning requirements for all

health professionals. 

The committee suggested that a minimum require-

ment for basic education in Sexual Medicine for

health professionals should be developed for those

training in each disciplines (medical, nursing, health

promoters, etc.) This educational programme should

involve activities that will lead to the acquisition of

an appropriate level of knowledge and skills, toge-

ther with the opportunity to develop appropriate

professional values and attitudes towards sexuality

and sexual health.

A number of suitable learning programmes have

already been developed by several institutions

around the world. The implementation of a particular

programme in any country must take into account the

specific needs of that country or region.

In any case, it should include :

- Basic knowledge of human sexuality

- Awareness of personal attitudes towards one's own

and other people's sexuality, which should include

a respectful attitude towards persons with different

sexual orientations and sexual practices.

- Basic skills in identifying and, if necessary, refer-

ring to the appropriate professional, problems of

sexual health.

It was also agreed that there is a need for the esta-

blishment and support of continuing education for

established health professionals. This is particularly

important because of the relative “newness” of

sexual medicine and our rapidly changing under-

standing of sexuality, sexual function and its

problems.

This committee believes that there should be a

requirement for health professionals specializing in

sexology and sexual medicine to undertake a

specified training programme appropriate to their

discipline. Its content might include :

Knowledge

Basic sciences

Psychology

The biological basis of human sexuality

Sexual development

Sexual identity and orientation

Gender identity

Sexual behaviour

Sexual dysfunction

Therapeutic interventions for sexual dysfunction
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Sexual medicine

Sexual surgery

Sexual counseling

Sexual psychotherapy

Sex and society

Sex and reproductive health

Sex and ageing

Sex and the effect of medical problems and their

treatments

Medico-legal aspects of sexuality and sexual beha-

viour

Ethical aspects of sexual medicine

Sexual research

Skills

Communication

With professionals

With patients and partners

Education

With professionals

With patients and partners

Clinical assessment

Clinical management

Clinical governance

Administrative skills

Research skills

Such programmes, whether at a basic level or for the

specialist, should be properly validated and supervi-

sed by an appropriate academic authority.

2. PROBLEMS OF BOTH EDUCATION AND

INFORMATION

For the last few years, several epidemiological stu-

dies of erectile dysfunction (ED) in many nations

around the world have given a clear indication of the

following facts. 1) Its prevalence increases with age

and various chronic morbidities, explaining its

important place among the general population. 2) It

is a symptom and is relevant to the individual's ove-

rall state of health (not only sexual, but also psycho-

logical and physical). It also influences the general

sense of well-being and quality of life of both men

and their partners. 3) Despite its increasing prevalen-

ce and increasing demand from patients, ED remains

under-diagnosed and under-treated by doctors. The

reasons for this paradoxical situation are related to

lack of knowledge about ED and sexuality amongst

those affected, difficulty with communication about

sexual matters between men, their partners and heal-

th professionals, lack of understanding of the impor-

tance of sexuality by society in general, and lack of

appropriate training on sexuality and its problems

amongst medical and other health professionals.

a) Lack of information in the general population.

France as an example

Despite the definition of sexual health by the World

Health Organisation as early as 1974 and the reco-

gnition of the need for educating the general popula-

tion, the reality is that sexual education at school has

shown little, if any, development in most countries,

primarily for socio-cultural reasons. Such education

often focuses on reproductive health, and the pre-

vention of sexually transmitted disease and pregnan-

cy. It rarely, if ever, deals with the taboo issues of

“sexual desire and sexual pleasure”. If sex education

causes anxiety, it's because it makes people face the

“matter-of-fact”, practical reality of their sexuality,

rather than conceal it within strong social rituals and

taboos. It remains hidden and is often not spoken of,

between partners, between parents and children, bet-

ween patients and their doctors. The consequences of

this failure to acknowledge sexuality as just another

facet of normal human experience is well-illustrated

by two global events. 1) The global spread of HIV

infection and AIDS since the 1980s has been exacer-

bated by an unwillingness to talk openly about

sexual behaviour in general, and the promotion of

safer sexual behaviours in particular. 2) The availa-

bility of an effective oral therapy for ED in 1998

revealed major learning needs for health professio-

nals, health policy makers and the pharmaceutical

industry. Apart from a small circle of specialists,

these groups were largely ignorant of ED and its

relationship to a wide range of other health pro-

blems, such as diabetes and cardiovascular disease.

This initially led to a focuss on genital function,

rather than the broader implications of sexual dys-

function for health, the family and society at large.

Deficiencies in sexual education are not only respon-

sible for misunderstandings amongst adults about

sexuality and its problems but also amongst young

people. There are numerous, unhelpful myths about

sex that are too often perpetuated by the media. Sex

education in France provides a good example of

these difficulties. In France, the provision of educa-

tion about sex in school began in 1947, with the pro-

vision of information on reproductive health and

STDs from 1975. Initially, the advent of AIDS revo-

lutionised French society's attitude towards sexuali-

ty, and was one of the most important factors behind

the conduct of a national inquiry into the sexual

behaviour of French people. However, the informa-

tion about sex offered was very quickly limited to

that required for the prevention of AIDS and STDs.
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In fact, an evalution of sex education activities in

schools between 1988 and 1993 showed that teen-

agers wanted to know about far more than sexual

biology and contraception, and that the information

given was not sufficient to change their sexual beha-

viours [53]. In 1996, sex education in school was

made compulsory for young people aged 14-15

years. Schools were required to teach a minimum

number of hours on sex education and to distribute

specific educational materials to students. The

Ministry of National Education defined the aims of

this education programme as: for students to develop

personal responsibility in their sexual behaviour and

in relationships with others; for students to under-

stand the principle of sexual equality between men

and women, based on humanist criteria of tolerance

and liberty, self-respect and respect for the dignity of

others. Education in school was intended to be com-

plementary with sex education at home, giving teen-

agers the opportunity of obtaining knowledge and

understanding of the different dimensions of their

sexuality, their personal sexual morality, and their

right to intimacy [53]. Nowadays, nearly half the

secondary schools in France have implemented this

programme, involving 600,000 French teenagers

every year.

b) Inadequacy of initial and post-graduate medical

and paramedical education

ED is increasingly becoming, at least in developed

countries, a major public health problem. This might

be for the following reasons:

Medical : ED may be the first symptom of many

chronic health problems and its onset can be a major

motivating factor for men to seek medical advice,

providing the opportunity for both primary and

secondary prevention.

Social : In an aging society, people expect to enjoy

good health and quality of life into old age. They are

less likely to accept disability and ill-health than ear-

lier generations.

Economic : The high and increasing prevalence of

ED inevitably increases the cost of healthcare, whe-

ther it is funded by the individual, the state or an

insurer. The increasing medicalisation of sexual pro-

blems and the focus on genital function contributes

to this trend.

There is increasing demand for both information

about sexuality and its problems, and for medical

care for those problems. However, many doctors and

most healthcare systems are ill-equipped to deal with

sexual problems, and, in most countries there are few

specialist clinics and health professionals have

inadequate training to meet the needs of their

patients. In reality, until 1998, undergraduate and

postgraduate education about sexual health was

mainly concerned with the prevention of STDs, with

contraception, reproduction and sexual offenders.

The arrival of sildenafil in 1998 revealed large gaps

in the knowledge of many health professionals about

sexual problems and quickly revealed the need for

education  a) to augment the knowledge and skills of

specialists already involved in ED care (urologists,

andrologists and sexologists), b) to inform and pro-

mote the interest of generalist and specialist doctors

with no previous knowledge of ED, many of whom

knew little about the association of ED with other

health problems or its effect on quality of life c) to

educate and inform both the media and patients. The

pharmaceutical industry played an important,

responsible and useful part in facilitating basic

science, clinical and epidemiologic research, as well

as in the development of educational initiatives.

However, there were concerns that these matter

should not be left solely to the pharmaceutical indus-

try and that education and research should properly

be led by independent academic bodies and health

professionals.

These concerns led many professional societies, and

national and international institutions (WHO, ICED,

ISSIR, WAS), to develop evidence-based guidelines

for ED care. It was considered important to make

such information as widely available as possible, to

better inform those providing care for the first time

in such a sensitive clinical area. This was related to

the  following issues. 

a) Individuals' sexuality and sexual behaviour are

quite diverse, influenced by social, cultural and reli-

gious factors, which should always be carefully

considered and respected. For example, the develop-

ment and discussion of sexual problems may have a

different significance in northern and southern Euro-

pe (Anglo-Saxon, Protestant and Latin, Catholic

worldviews) for cultural reasons, and in Eastern and

Western Europe for economic reasons.

b) Sexual behaviour is not entirely innate and is, to

some degree, learned.

c) Patients may perceive non-sexual health problems

as being more important and worthy of professional

help than sexual problems. Sexual problems may

remain hidden by many men and women because of

the difficulty and discomfort they experience when
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asking a stranger for advice about something so inti-

mate and personal. Many men will wait several years

before asking a doctor for help with ED.

d) The function of a doctor in dealing with a sexual

problem goes beyond treating the physical problem

alone. They also help by listening to their patients'

concerns, by dispelling myth and misunderstanding,

by removing fear and by promoting a positive

attitude towards sexuality and intimacy.

The undergraduate and postgraduate teaching of

sexuality and its problems to doctors in France is a

good example of the deficiencies and difficulties

encountered, but it also suggests some possible solu-

tions. In 1998, in response to the intense media inter-

est in sildenafil, two official reports were requested

by the Ministry of Health : (1) a review of the “treat-

ments of impotentness and its taking over” [54], and

(2) a remarkable notice from the National Consulta-

tive Ethic Committee for the Sciences of Life and

Health (CCNE). These reports clearly established the

necessity for information about ED and the educa-

tion of doctors [54], as the number of hours devoted

to sexuality in undergraduate medical training  was

small. Postgraduate education, consisting of one to

three years inter-university or university diploma

courses in sexology and andrology was accessible  to

only a limited number of generalists and specialists.

This led to the development of innovative educatio-

nal programmes by French scientific societies invol-

ved in the field of ED, in partnership with the phar-

maceutical industry. Objectif Dysfonction Erectile

(ODE) was developed in partnership with Pfizer.

This programme was led by three national scientific

societies (urologists, andrologists and sexologists),

and gathered together specialists in ED from dif-

ferent disciplines, with the production of a consensus

statement on ED care and a range of educational

materials. ODE was, as far as we know, one of the

first national educational programmes with a multi-

disciplinary consensus approach. At least one thou-

sand specialists and ten thousand generalists partici-

pated in eight hundred meetings all over France

during 1998. Nevertheless, ODE was more a pro-

gram to quickly provide information about ED than

broader education about sexuality for doctors. The

second step, in 2000, was to carry out more specific

educational opportunities. These included a) practi-

cing consultation and sexual history-taking skills

through role play (Dialogue et Sexualité program, in

partnership with Pfizer) ; b) interactive seminars

using e-learning (Uroform program, in partnership

with Pfizer) ; c) individual learning, using CD-

ROMs, for both generalist and specialist doctors

(road-map, in partnership with Sanofi Synthelabo);

DEFI program (in partnership with GSK-Bayer).

The third step is a national project to provide infor-

mation and education to a larger audience. This pro-

ject (EFITEA) is currently in development and

involves several scientific societies and national

institutions, working in collaboration with patient

associations and the pharmaceutical industry. Its

objective is to give an easily accessible, consensus-

based reference work on ED, to meet the specific

requirements of French-speaking people.

c) Conclusions

There is a pressing need to inform and to educate not

only health professionals but the public, too. Unfor-

tunately, the lack of adequate sex education both at

school and in universities leads to frequent misun-

derstandings about sexuality and its problems. Sex

education must meet the needs of modern teenagers,

so that they can understand and enjoy their own

sexuality, respect the sexuality of others, and practi-

ce responsible sexual behaviours. The huge amount

of information now available, and the rapid scientific

progress in our understanding of the causes, treat-

ment and complexity of sexual problems require that

we develop evidence-based information and educa-

tional activities that are both appropriate to and res-

pectful of cultural specificities. For all these reasons,

both information and formation are no longer the 

privilege of a small group of people, they are now the

responsibility of everyone. We must urgently promo-

te the cooperation of all the major players in the

world of health and communication. We should try to

develop a network of specialists and generalists,

involving scientific societies, basic scientists and,

perhaps, pharmaceutical laboratories, too. [50-54]

3. HEALTH (SEXUALITY) INFORMATION ON

THE WEB

At present there are more than 10,000 health sites on

the Internet.  We have no easy way of finding our

way through them, nor can we be sure about the

accuracy or reliability of the information [55-60].

Millions of people do not have access to accurate,

clear and current information about sexuality. These

same people take enormous risks with their sexual

health.  As consumers increasingly rely on the web

for answers to health questions, the medical commu-

nity is increasingly concerned about the value of the

e- health information [61-62]. Many have reported

considerable variability in the accuracy and comple-

teness of health information on the internet [63-
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67]. Public sex education is perhaps the most impor-

tant health-related web information available. The

question is, how can one grade the quality of this

information ? 

Regulatory action by many governments is limited to

oversight of product-related health claims.  In the

United States the Federal Trade Commission, the

Food and Drug Administration, and the Department

of Justice provide US consumers with limited over-

sight of product-related health claims made on the

Internet. 

Other countries, such as France and Germany, have

tried to address the problem of how to grade avai-

lable health-related web information (AFGIS, 2003).  

In a wider-reaching effort, the Information Society

Directorate-General organized a workshop for the

European Commission of the European Union

(ECISDQ, 2003).

There have been other attempts to set criteria which

include :

http://europa.eu.int/information_society/eeurope/ehe

alth/quality/draft_guidelines/index_en.htm

The following are examples of good sexuality infor-

mation on the web :

http://www.ippf.org/. - the sexwise project.

http://www.who.int/search/en/

http://www.who.int/reproductive-health/index.htm

http://www.healthfinder.gov/justforyou/ 

All around the world millions of people, especially

young people, do not have access to accurate, clear

and up-to-date information about sex. They are

unable to make choices, and they take enormous

risks with their lives and sexual and reproductive

health. Thousands die as a result each day. (For

example, 2.6 million people died of HIV/AIDS in

1999 and, every year, 600,000 women die from com-

plications of pregnancy and childbirth).

Using the effective communication medium of radio,

the Sexwise programmes and accompanying books

provide listeners with unbiased and accurate infor-

mation, presented in an accessible style and in local

languages.

The issues covered in the BBC Sexwise radio pro-

grammes and books have been discussed with IPPF's

staff and its network of national Family Planning

Associations (FPAs) around the world (www.bbc.co.

uk/worldservice/sexwise)

The BBC producers have consulted and worked clo-

sely with FPAs on the ground who have assisted with

information and relevant people to interview. It is the

FPAs, too, who will ensure follow-up support to lis-

teners, including hotlines, counselling and services,

as well as distribution of books on request.

The BBC has created a Sexwise website : www.bbc.

co.uk/worldservice/sexwise/ which also provides

links, information and advice to thousands of online

users.

Started as a pilot project in 1996, Sexwise pro-

grammes in 8 languages reached millions of listeners

to the BBC in South Asia and generated an enormous

amount of feedback: 75,000 listeners wrote in to

seek further information and to request copies of the

accompanying Sexwise books.

The IPPF/BBC Sexwise project is funded by the

David and Lucile Packard Foundation (USA), the

UK Department for International Development

(DFID) and the European Commission. London,

June 2000.

The Internet can be a valuable resource for users

seeking health information. The quality of this infor-

mation is critically important as it could potentially

affect health outcomes for millions. Yet the quality of

health information on the Internet is extremely

variable and difficult to assess. Thus the choice of

appropriate evaluation criteria for the information is

both crucial and challenging. This problem is gene-

rally recognized. There is no consensus, however, on

how to resolve the problem, and there remain no uni-

form guidelines for quality assessment of Web-based

health information for consumers. A number of web-

sites display rating schemes, and there are “stamps of

approval”, but there is little explanation of how those

schemes were developed or how the ratings have

been applied. 

To address this problem, the Health Information

Technology Institute of Mitretek Systems convened

a Health Summit Working Group. 

a) Methods and Process

The Health Information Technology Institute conve-

ned a one-day Health Summit Meeting in 1996. To

ensure objectivity in the development of the criteria,

18 individuals with diverse backgrounds, including

leaders of medical schools, libraries, pharmaceutical

associations, government agencies, professional

medical associations, and consumer groups, were

invited to attend. The meeting consisted of a series of

presentations, open discussions, and breakout

groups, and resulted in the initial identification of
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potential criteria and their strengths and weaknesses,

as well as a list of items for future action. Additi-

onally, participants in the meeting developed the pre-

liminary draft of this policy paper that was presented

for comment as described above (http://hitiweb.

mitretek.org/docs/criteria.htm) [68].

The next step in the process was to rank these initial

criteria in order of importance. Members of the

Health Summit Working Group and other individuals

and organizations were invited to provide their sug-

gested rankings. The criteria were categorized as

either “Essential”, “Important”, or “Desirable”, and

these ratings served as a starting point for further

refinement of the criteria at the second Health

Summit Meeting. 

The second Health Summit Meeting was convened

in 1997. Participants included those who attended

the first meeting, as well as many newly recruited

individuals. The purpose of this meeting was to

develop an implementable set of criteria (based on

the policy paper) for use by the general public. The

participants first reviewed and identified those crite-

ria capable of being implemented, and then further

refined these criteria into a usable question-answer

rating format to be incorporated into a tool devel-

oped by the Health Information Technology Institu-

te. In breakout sessions, participants worked on an

implementation strategy and identified next steps,

which included testing of the tool by volunteers from

each of four working groups comprising consumers,

librarians, health-care providers, and website develo-

pers. 

The criteria set by a Health Summit Working Group

convened by the Health Information Technology

Institute of Mitretek Systems are:

Credibility : includes the source, currency, relevan-

ce/utility, and editorial review process for the infor-

mation.

Content : must be accurate and complete, and an

appropriate disclaimer provided.

Disclosure : includes informing the user of the pur-

pose of the site, as well as any profiling or collection

of information associated with using the site.

Links : evaluated according to selection,

architecture, content, and back linkages.

Design : encompasses accessibility, logical organi-

zation (navigability), and internal search capability.

Interactivity : includes feedback mechanisms and

means for exchange of information among users.

Caveats : clarification of whether site function is to

market products and services or is a primary infor-

mation content provider.

b) Summary of the Health Summit Meeting

The Internet presents a powerful mechanism for

helping users improve their health-care decision

making by providing easy and rapid access, exchan-

ge, and dissemination for enormous amounts of

health information. Yet users must be aware of the

potential for misinformation and recognize the criti-

cal need to assess the quality of the information pro-

vided. Content providers must be encouraged to

develop and post high-quality information, and poli-

cymakers and health-care professionals must be edu-

cated on this important health issue. The Health

Summit Working Group has developed this set of

criteria to address this critical need. These criteria are

intended as a resource for users seeking health-rela-

ted information on the Internet, and should aid in

evaluating information to determine whether it is

usable and credible.

The complete white paper can be found at the Mitre-

tex web site : http://hitiweb.mitretek.org/

The European Sexual Dysfunction Alliance (ESDA)

is an umbrella organisation with the aim of

developing patient groups or publicly accessible

Knowledge Centres across Europe.

The aim is to raise awareness of the incidence of

sexual dysfunction in men and women and to educ-

ate sufferers and their partners, health professionals

and the media on the treatments available. Each

patient organisation or Knowledge Centre is run

independently and gives advice and information via

a telephone help line.

Patient organisations are currently available in Den-

mark, France, Germany, Greece, Ireland, Israel,

Italy, Portugal, Spain, Sweden, Turkey and the UK.

http://www.esda.eu.com

Draft Guidelines on Quality Criteria for Health Rela-

ted Websites can be found at:

http://europa.eu.int/information_society/eeurope/ehe

alth/quality/draft_guidelines/text_en.htm

World Health Organization - health information

http://www.who.int/inf-pr-2000/en/pr2000-72.html 
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The limited data available suggests that the econo-

mic impact of ED and other sexual dysfunctions has

increased significantly during the past several years.

The reasons for this increase are : an increase in the

number of people at risk ; introduction of new drug

therapies ; introduction of more palatable therapies

(oral therapy) ; increased interest in aging-related

quality of life, and increased awareness and educa-

tion. This increasing economic impact is expected to

accelerate with the further growth and aging of the

population of the world. There are still many unk-

nown important issues in the economical aspects of

ED and other sexual dysfunctions. A great deal of

further research is needed to gather data on the eco-

nomics of ED and other sexual dysfunctions.

Moreover, more information is needed to determine

ethnic and cultural variations in the economics of

these disorders as well as the impact of their treat-

ments on groups and society. Thus, studies should

not only be cross-sectional but also longitudinal

because of the accumulative impact of ED and

sexual dysfunctions and the unknown long-term

issues such as patient behavior. Cost-effectiveness

considerations may help in refining ED and other

sexual dysfunctions management algorithms. Drug

combination and drug comparative studies might

shed light not only on the efficacy and safety of the-

rapy, but also might help in avoiding unnecessarily

expensive and ineffective combinations.

The mission of the Committee on Economical

Aspects (the Committee) is to identify, research,

summarize and report on all medico-economic

issues related to erectile dysfunction (ED) and other

male and female sexual dysfunctions. In addition, the

Committee is charged to produce observations,

conclusions and recommendations regarding the

economic aspects.

The study of the economics of medical conditions

may be performed at different levels, namely;

1. Descriptive economics. This involves a precise

definition of the condition under study, as accurate

identification of the disorder and the subjects is fun-

damental in the description of the economic conse-

quences.

2. Analytic economics. This involves the search for

the recognition of trends, correlations, predictors and

other statistical indicators. This is important in the

understanding of market or consumer behavior and

the identification of influencing factors.

3. Interventional economics. This involves the plan-

ning of an intervention and the investigation of a

consumer or market response.

This chapter is mainly confined to descriptive and to

a lesser extent analytic economics. The chapter

focuses mainly on erectile dysfunction as registered

therapies have been available for over a decade.

There are very few therapies specifically registered

for FSD. Tracking the drug prescribing practices spe-

cific for FSD is by consequence approximate at best

and, in many cases must be estimated based upon

prevalence data for the types of FSD being studied.

Sexual dysfunction (SD) is a worldwide problem

whose prevalence will probably continue to rise due

to population growth, the aging population and an

increased awareness of SD. Modern medicine and

public health has increased life spans, affording

couples a more sexually active life but at the same

time increasing the number of people at risk for

sexual dysfunction. SD is a broad term that includes

many male and female sexual disorders. Male SD

I. EPIDEMIOLOGY OF SEXUAL

DYSFUNCTIONS
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involves such problems as erectile dysfunction (ED),

Peyronie's disease, early (premature, rapid) ejacula-

tion, desire disorder, hypogonadism and priapism.

Female sexual dysfunction (FSD) includes problems

such as lack of desire, arousal and orgasmic difficul-

ties, and dyspareunia. Therefore, for a better unders-

tanding of SD epidemiology, it is important to divide

the subject into two groups, male and female SD.

1. MALE SEXUAL DYSFUNCTION

The Massachusetts Male Aging Study (MMAS) sug-

gests the number of men in the USA with ED to be

10-20 million [1]. This estimate may reach 30 mil-

lion by including patients with partial ED. It is esti-

mated that 617,715 new ED cases will be reported

annually in the United States (white males only) [2].

Considering the reality of availability of data, the

main focus of this review will be on erectile dys-

function (ED). The world prevalence of ED is pro-

jected to double through the 30 year period that runs

from 1995 to 2025 [3]. On the other hand, it has been

estimated that 70% of all ED is undiagnosed [4] and

that, historically, only 5% of men with ED had recei-

ved medical attention [5].

In a global study of sexual attitudes and behaviors,

83% of males responded that sex was moderately to

very important in their overall life [6]. Through the

last 12 months prior to the study, 57% of male

respondents declared having sex 1-6 times per week.

A high proportion of older men somewhat to stron-

gly disagreed with the statement that they no longer

have (65%) or want to have (64%) sex [6]. More than

twenty studies have been published in the last five

years reviewing the prevalence of ED in the general

population, in both national and international sur-

veys. Some studies obtained the requested informa-

tion through a self-administered questionnaire while

others used a direct interview. The percentage of ED

patients reported by the different studies is more or

less uniform for each age group, although there are

significant differences in the prevalence of ED pre-

sented by each study regarding a specific age group.

The reason for these differences may be a non-uni-

form definition of ED and variations in the design of

the ED questionnaire. Although most authors use the

consensus definition of ED [7], other refer to ED as

“impotence”, “erectile difficulty”, “erectile disabili-

ty” or “erection problems” [8]. Another reason for

the different data of ED prevalence reported by dif-

ferent authors may be the different of measuring

scales for male sexual function or dysfunction, as

presented in Table 1.

The Cologne ED Questionnaire includes five closely

related questions in which a positive score on one

question will almost inevitably end in a positive

score on a following question [9]. The Cologne study

also includes a question on the ability to achieve

orgasm, which may result in an overestimation of the

prevalence of ED since most me with organic ED

have intact orgasmic function.

Prins et al. [8] systematically reviewed 23 studies,

from Europe (15), United States (5), Asia (2) and

Australia (1), reporting the prevalence of ED in

population-based studies. The authors report the

drawbacks of some studies, namely, prevalence rates

without classifying ED patients into different age

groups, or without referring to the severity of ED and

its nomenclature : mild/partial/minimal, moderate/

intermediate, complete/severe. Prevalence rates of

ED among specific age groups are not reported in

every study. These facts make it difficult to draw

solid conclusions on the prevalence of different

degrees of severity of ED among different age

groups. ED prevalence and severity increase with the

age of the subject. ED prevalence has been reported

as 7% among men aged 18-29 years [10], 2-9%

among men aged 30-39, 9-11% between 40-49, 16-

18% between 50-59, 34% between 60-69 [9-10] and

53% among men aged 70-80 [9].

The prevalence of ED is not the same in different

countries or continents and among different ethnic

groups. The prevalence rates for mild and severe ED

has been reported as 35% in the United States, 26%

in Finland, 21% in Italy, 12% in France and 11% in

Spain [6, 10]. In Malaysia, Low et al reported a dif-

ference in the concept of ED and its prevention and

treatment among males from three different ethnic

groups living in the country, Malay, Chinese and

Indian, without reporting the percentages of each

group [12]. Among men consulting for ED in Israel,

a multi-ethnic country, 13% were Israel- born, 33%

immigrants from North African (Morocco, Libya,

Yemen) or other Middle East countries (Iraq, Iran)
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Table 1 . Some of the different measuring scales for male

sexual function or dysfunction.

-  MMAS (Massachusetts Male Aging Study)

-  IIEF (International Index for Erectile Function

-  LSC (Life Satisfaction Checklist)

-  Erection Distress Scale

-  Psychological General Well-Being Index

-  Rosenburg Self-Esteem Scale

-  Medical Outcome Study



and 54% came from North and South America and

Europe, respectively [13]. The Cologne study shows

an important difference between an overall ED pre-

valence of 19.2% among 71.3-96% men being invol-

ved in regular sexual activity, and 31.5-44% of

responders who were dissatisfied with their current

sex life [9]. The prevalence of ED may be different

depending on the system used to perform the evalua-

tion. ED prevalence has been reported as 12-25% on

the basis of self-evaluation as compared to 19-31.6%

according to IIEF criteria [11, 14].

Although there is much data on the prevalence of

ED, there is little information regarding the inciden-

ce of drop out from treatment programs or disconti-

nuation of follow-up visits. Among 4489 responders

in the Cologne study, 46.2% were willing to contri-

bute financially towards the cost of a regular treat-

ment for ED [9]. On the other hand, 9 to 25% of sil-

denafil responders discontinued successful treatment

because of medication cost [15-16].

In order to obtain accurate data of ED prevalence, it

is important to build uniform reports with uniform

nomenclature. There should be consensus in the

nomenclature of the severity of ED. The prevalence

of ED should be always calculated among groups of

the same age range.

In the first US population-based survey of men, aged

≥ 40 y.o, 19% of 1320 men without ED reported

“always” or “usually” ejaculating prematurely.

Regardless of ethnicity, 50% of participants reported

sometimes ejaculating too soon, and 9% reported

ejaculating before vaginal penetration. Surprisingly,

a small percentage of men considered this a major

problem for themselves or their partners. Only 1% of

men had received treatment for premature ejacula-

tion (PE) ; however, 1/3 would consider therapy. No

drug is approved by the FDA for the treatment of PE.

SSRIs and drugs with SSRI-like side effects are safe

and effective used to treat PE. Desensitizing creams

containing local anesthetic agents are also used as

OTC. The exact economic size of the PE market is

not known [17, 18].

The prevalence of early (premature, rapid) ejacula-

tion varies widely between different countries and

with different methods of assessment. The Keele

(UK) study reported a prevalence of 18%, with less

than 50% of sufferers wishing treatment. Prevalence

in the Middle East and Japan have been reported as

high as 45-50%. Inhibited sexual enjoyment was

reported by 15% of subjects in the Keele Study with

little or no bublished data on the prevalence of

delayed or other ejaculatory disorders.

2. FEMALE SEXUAL DYSFUNCTION (FSD)

FSD is an important health concern which may affect

the quality of life significantly. Its etiology includes

medical and psychological factors and it is often

untreated. Similar to ED, FSD may be age related,

having a prevalence of 20-50% [17]. Based on Mas-

ters and Johnson's studies [18] female sexual respon-

se includes the following 4 phases : sexual desire,

sexual excitement, orgasm and resolution. The 'Dia-

gnostic and Statistical Manual of Mental Disorders'

(DSM-IV), in its fourth edition, defines FSD as 'dis-

turbances in sexual desire and in the psychophysio-

logical changes that characterize the sexual response

cycle and cause marked distress and interpersonal

difficulty' [19].

Sexual desire disorders include low desire, with a

prevalence of 33.4% of women between the ages of

18 and 59 [20] and sexual aversion disorder, of

which the prevalence is currently unknown. Sexual

arousal disorders, characterized mainly by vaginal

dryness, have been reported in 20% of women bet-

ween the ages of 18-59 [10]. Orgasmic disorder may

be primary (anorgasmia) or secondary [18]. Anor-

gasmia has been reported in 24-37% among sex the-

rapy samples [20]. Sexual pain disorders include

dyspareunia and vaginismus. Dyspareunia has been

experienced by 14.4% of women during sexual acti-

vity [10]. Vaginismus appears in 15-17% of women

presenting for treatment [21].

As with male SD it is vital to establish more accura-

te definitions and standardization of female sexual

disorders in order to make epidemiologic compari-

sons in cross-cultural studies. Moreover, further

research concerning the risk factors, impact on qua-

lity of life and development of effective treatment

solutions are needed before the economic impact of

these disorders will be fully appreciated.

“A man is as old as his arteries” - Sir William Osler.

Since the penis is a vascular organ, it is true that a

man is as old as his penis. The classical work by Kin-

sey [22] revealed that aging is a key risk factor for

the development of male erectile dysfunction. In his

pioneering work the prevalence of erectile dysfunc-

tion increased with age from 0.1% at 20 years of age

to 75% at 80years of age. A half century later, the

II. AGING AND SEXUAL

DYSFUNCTION
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Massachusetts Male Aging Study (MMAS) [1] sho-

wed the same trend. Namely, the prevalence of erec-

tile dysfunction increased from 39% in men in their

40's to 67% for men in their 70's. Using the same

questionnaire as used at the MMAS study, the cross-

national epidemiological study was conducted in

four different countries with varying cultures ; Bra-

zil, Italy, Japan and Malaysia [23]. The results

confirmed the findings of the MMAS with an age-

dependent increase in the prevalence of erectile dys-

function in these different countries. 

The world is getting older and older, especially in

developed countries. Japan is the most aged and still

aging country in the world. You can see the future of

the rest of the world by studying what is happening

in Japan. The ministry of the Health and Welfare of

Japan has projected that the percentage of the popu-

lation over age 65 years will represent as much as

20% by the year of 2010. The French, German and

Swedish people will have a similar distribution based

upon age by the year 2020. The British and Ameri-

can populations are lagging and thus will not reach

that mark, 20% of the population over 65 years old,

until the year 2030. Since age has been shown to be

a significant risk factor for all types of sexual dys-

function, we anticipate with the growing population

over 65, an enormous number of patients with either

ED or sexual dysfunction (Figure 1).

Another key factor is treatment-seeking behavior. A

striking example for how aging affects treatment see-

king behavior is the marketing of sildenafil in Japan.

Despite the fact that Japan has a significant aged

population, the sales of sildenafil have been disap-

pointing on a per capita basis. Only 800,000, or 8 %

out of the estimated 10,000,000 patients, received

prescriptions for sildenafil [23]. This is especially

surprising since neither Caverject nor MUSE is avai-

lable in Japan. Shabsigh and colleagues reported the

treatment-seeking behavior in 6 different countries

(USA, France, Germany, Italy, Spain and UK) (Figu-

re 2) [24]. They showed the treatment-seeking rate

has a peak during middle age except in the USA. The

most common reason for the older age group to not

seek treatment is their impression that “ED is a natu-

ral part of aging”. Therefore, aging itself did not

directly increase the cost of ED diagnosis and treat-

ment. We have to estimate the cost by combining the

age demographics and the treatment-seeking rate in

each country or each culture. However, if we mana-

ge to eliminate this kind of stigma by educating the

medical professionals and the lay public especially

among the older people, the cost will be much

higher. 

According to the United Nations (UN), there will be

over 356 million men worldwide aged over 65 years

by 2025, an increase of 197 million from the current

number. In 1995, the global proportion of men aged

over 65 years was 4.2%, this is set to rise to 9.5% by

2025. Given the correlation between ED and age,

global ageing will bring an increase in the number of

men with ED in the future. ED is commonly asso-

ciated with ageing and age related health problems;

vascular, hormonal, neural, psychogenic factors, side

effects of therapeutic drugs. Current data on ED

among the healthy population, in particular for phy-

siological and psychosocial variables, is extremely

lacking, despite the prevalence and implications of

ED on quality of life. 

1. ERECTILE DYSFUNCTION

Erectile dysfunction is common in men with cardio-

vascular disease and is probably brought about by

III. RISK FACTORS
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Figure 1 : Projections of populations ≥ 65 years old.

Figure 2 : Prevalence of treatment seeking among ED suf-

ferers.



shared factors that impair the hemodynamic mecha-

nisms. The majority of ED patients have at least one

significant cardiovascular risk factor, for example

hypertension, diabetes mellitus, smoking or hyperli-

pidemia. Therefore, vasculogenic erectile dysfunc-

tion may be the harbinger of a systemic vasculopa-

thic state. MMAS results showed the age-adjusted

probability of the onset of moderate ED increased

from 6.7 to 25% as high-density lipoprotein choles-

terol decreased from 90 to 30 mgl dl in younger men

(40-55 yrs), and from 0 to 16% in older men (56 to

70 yrs) [1]. In the study, heart disease and associated

risk factors, hypertension and low serum high-densi-

ty lipoprotein were significantly correlated with ED

[25]. In a study by Oaks and Moyer, it was reported

that 8-10% of all untreated hypertensive patients

were impotent at time of diagnosis of hypertension.

Furthermore, Wabrek and Burchell reported that in a

group of 131 men with acute myocardial infarction

aged between 31 and 86, 64% were impotent and in

a study of patients who underwent coronary artery

surgery 57% were mostly impotent. Several studies

on impotent men reported that the number of abnor-

mal penile vascular findings significantly increased

when history included vascular risk factors. 

Diabetes is another major illness associated with ED.

In the MMAS sample the age-related probability of

complete ED was three times greater in patients with

diabetes than in those without. Other studies using

diabetic populations, have consistently found a high

prevalence of diabetes related ED, with estimates

ranging from 35 to 50% and up to 75%. The preva-

lence of ED in diabetes has been reported to increa-

se from 15% in men aged 30 to 35 yrs and to 55% at

age 60 yrs. ED occurs at an earlier age in people with

diabetes than in the general population and often fol-

lows, or leads to, the diagnosis of either insulin-

dependent or non-insulin dependent diabetes. 

The exact link between ED and depression is not

well defined, as its significance is two fold; depres-

sion can be both a cause and an effect of ED [26].

Depression has a number of ED correlated symp-

toms; changes in sleep patterns, decreased interest in

and response to pleasurable activities, and anticipa-

tion of a negative outcome. However, depression

brought on by episodes of ED may perpetuate erecti-

le failure, cause deeper depression, and may result in

the avoidance of sexual opportunity even with an

effective treatment. In the MMAS study, patients

with depression had a 1.82 higher chance of develo-

ping ED than patients who did not suffer from

depression.

The link between cigarette smoking and erectile dys-

function is not clearly understood [27, 28]. The

MMAS sample did not show a significant difference

in cases of erectile dysfunction between current smo-

kers and non-smokers. However, the association of

ED with certain risk factors was greatly amplified in

current smokers. According to MMAS data analysis,

the age-adjusted probability of complete ED in sub-

jects treated for heart disease was 56% for current

smokers, compared with 21% for non-smokers. Fur-

thermore, The Vietnam Experience Study (VES)

found that the prevalence of ED was 1.5 fold greater

in current smokers than in non-smokers. A cross-sec-

tional study conducted in Italy comparing non-smo-

kers and current smokers on a total of 2010 men aged

over 18, presented an odds ratio (OR) of ED of 1,7

and ex-smokers of 1,6. The study also showed that

the risk of developing ED is influenced by smoking

and that the duration of the habit increases this risk. 

Cigarette smoking is certainly one of the most com-

mon modifiable risk factors related to the onset of

erectile dysfunction. However, other important fac-

tors include heavy alcohol consumption, obesity and

physical activity. Chronic, heavy alcohol consump-

tion may have an irreversible effect on erectile func-

tion due to neurological damage, in particular

changes in drinking habits may not influence erectile

function. Chronic drug-abuse, especially combined

with alcohol consumption, can lead to erectile disor-

ders, in particular due to behavioural changes [29].

Overweight men have an increased risk of develo-

ping erectile dysfunction regardless of whether they

lose weight and obviously very important concomi-

tant factors are represented by physical activity

intensity and stress. The link between erectile dys-

function and the use of certain medication is unde-

restimated. Meinhart et al. presented a list of 332

drugs potentially associated with erectile dysfunc-

tion. The main classes of drugs involved were hypo-

glycaemic agents, antihypertensives, vasodilators,

cardiac drugs and psychotropic agents. A close link

between erectile dysfunction and pelvic surgery

exists with rates ranging up to 80%. Radical prosta-

tectomy, cystectomy, and radical pelvic surgery are

strongly associated with ED while It is unclear whe-

ther TURP plays role [30].

The rise in the prevalence of ED worldwide, coupled

with the new, high profile medical treatments is rai-

sing policy issues all over the world [30]. National

health systems which are already under-funded, are

facing unexpected requests for resources and chal-

lenges to current government funding priorities. The
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wide range of treatment options available since the

arrival of new oral drugs effective in the treatment of

ED, has above all, re-opened the debate over ratio-

ning and funding priorities. Secondly, due to the

worldwide prevalence of ED and the consequent

popularity of sildenafil, pharmaceutical companies

can justify the cost of the drug. This can be seen to

challenge the government's ability to control drug

costs. Other implications are that such situations may

exacerbate health inequalities. 

2. EARLY (PREMATURE, RAPID) EJACULATION

Early (premature, rapid) ejaculation is associated with

higher anxiety and depression scores and perceived

relationship issues. The Keele study found no signi-

ficant associations with vascular diseases and LUTS

but a clear association with co-existing ED.

3. FEMALE SEXUAL DYSFUNCIONS

According to the US population census 9.7 million

women aged 50-74 self report diminished lubrica-

tion, pain and discomfort with intercourse, decreased

arousal or difficulty achieving orgasm (Berman

2001). In contrast with males, female sexual pro-

blems decrease with age, the exception being those

reporting lubrication difficulties. Other demographic

factors include, marital status, educational achieve-

ment, race and ethnicity are predictive of an increa-

sed risk of sexual difficulties. Black women are more

likely to experience sexual desire problems and lack

of pleasure, whereas white women report pain more

frequently. Hispanic women report a consistently

low incidence of sexual problems (Laumann 1999). 

In the Keele (UK) study, the major risk factors for

both female sexual desire, and arousal disorder were

perceived relationship issues, depression, anxiety

and previous hysterectomy. Weak associations were

found with diabetes and hypertension. Dyspareunia

was associated with perceived marital problems and

depression and was negatively associated with age.

ED is highly prevalent, the incidence is strongly age

related, it is progressive and it is under treated [31].

The word population is rapidly ageing. In 2000 13%

of the world population was 65 years or older and it

is estimated that by 2020 this population will increa-

se to 20%. The projections made in 1998, that a four-

fold increase in the ED industry would occur in the

next 4 years to 2002, from about $0.9 billion to $5

billion, have been proven [31, 32]. The impact of a

condition with such escalating proportions seems

obvious.

The economical impact of a medical condition or

disease is not limited by the cost of diagnosis and

treatment but, it includes the impact on the patient

and society in a variety of ways, such as loss of time

at work, decreased productivity for the patient and

the effect on the partner, the family and coworkers.

The impact is further confounded by the correlates of

ED, which have a high economical impact, such as

atherosclerosis, myocardial infarction, hypertension,

diabetes mellitus, depression and conditions of the

prostate such as BPH and cancer of the prostate.

1. ECONOMICAL

An attempt was made to estimate the economical

impact of ED in the United Kingdom (UK). In this

study, conducted from 1997 to 1998, on the cost of

erectile dysfunction in the NHS, it was estimated that

£53 million was spent to manage 113,600 patients

with erectile dysfunction [33]. The main cost driver

was outpatient visits, which accounted for 65% of

the cost. Drugs accounted for 25% and genito-urina-

ry consultations and prostheses only accounted for

4% of the cost. It was estimated that the NHS mana-

ged 35% of the population with ED. Assuming this

was representative, the total population of indivi-

duals in the UK was estimated to be approximately

325,600. It was further estimated that these men

incur £7.0 million in cost directly attributable to ED,

19.63 days a year to lost work, costing the society

another £2.2 million in lost GDP. It was concluded

that ED imposes a relatively small economical bur-

den on UK Society (£53 million) of which 83% is

borne by the NHS, 13% by patients and 4% as indi-

rect costs to society due to lost productivity. The

authors stated that the future burden would depend

largely on patient's eligibility to receive treatment

under the NHS.

In an attempt to curb expenditure, the National Heal-

th Service (NHS) imposed prescribing restrictions

for ED under schedule 11. The effects of these res-

trictions were assessed in a study by Wilson et al

[34]. During the period of the study, from 1997 to

2000, a 30% increase in the number of patients

(79,800 to 257,984) and a 40% increase in cost

(£29.4 million to £73.8 million) were observed. The

actual expenditure per patient decreased by 22%

from £368 to £286 and the main expenditures were

ascribed to specialist consultations (30%) and drug

IV. IMPACT OF SEXUAL
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prescriptions (25%). The increased cost was mainly

due to a 3 fold increased in the number of patients

presenting to general practitioners, who then referred

patients to specialists, under Schedule 11 restric-

tions. This led to an increased use of all resources,

including sildenafil. The investigators concluded that

the cost effectiveness of transferring prescribing res-

ponsibility in cases of severe distress from specialists

to general practitioners in primary care remained to

be determined.

In a study on the containment of costs by the imple-

mentation of the Department of Health's (DoH) gui-

delines, following the introduction of sildenafil in

Portsmouth and South East Hampshire, it was obser-

ved that specialist-care and associated costs fell by

70% in the first year following the introduction of

the DoH guidelines, while primary-care prescribing

costs doubled. Overall costs for providing services in

1999-2000 were £232,169 in comparison to

£225,108 (uplifted to 1999-2000 values) incurred in

1998-1999 [35].

These studies indicate that costs can be contained

despite the escalation in the number of patients.

Potential benefits of the impact of introducing oral

treatment for erectile dysfunction have been reported

[36, 37]. Health-care systems have generally rejected

treatment of erectile dysfunction despite not kno-

wing what the effect of non-treatment is [38, 39].

2. QUALITY OF LIFE

General and disease specific quality of life in men

with diseases such as cancer of the prostate and end

stage renal disease, have been evaluated and reported

[40-46].

In a multicenter European study in men with organic

erectile dysfunction, self administration of intra-ure-

thral prostaglandin E1 (MUSE), resulted in a 70%

improvement in the quality of erections, a 34%

improvement in relationship with partners and statis-

tically significant improvements in personal well-

ness, contentment and self esteem, which translates

indirectly to an improvement in quality of life [47].

Intracavernosal injection of prostaglandin E1 also

resulted in significant improvement as measured by

the Life Satisfaction Checklist (LSC) [48]. Accor-

ding to the LSC it was possible to differentiate bet-

ween patients with organic, psychogenic and no

erectile dysfunction. The study indicated that sexual

satisfaction was a major indicator for life satisfaction

in general. In 2 further studies on intra-cavernous

injection for erectile dysfunction, a large percentage

of patients indicated that treatment improved the

quality of their life [49, 50].

Most reports from studies on various aspects of qua-

lity of life, in patients with erectile dysfunction, such

as the International Index of Erectile Function

(Question 13, overall satisfaction with sex life, and

question 14, sexual relationship with partner), Erec-

tion Distress Scale, Psychlogical General Well-Being

Index, showed improvement in quality of life.

However, it was unclear why some instruments such

as the Rosenburg Self-Esteem Scale, Medical Outco-

me Study, as measures of self-control and anxiety

did not detect improvement in quality of life [51-54].

Most studies have limited and diverse quality of life

measurements, but they all support the notion that

ED therapy improves quality of life.

3. RELATIONSHIP

Improvement in patients' quality of life affects their

partners. In studies where partners were assessed

about their responses, they responded equally as well

to treatment and reported a significant increases in

intercourse frequency, sexual arousal, orgasm and

overall sexual satisfaction [55]. The mental and

social domains, as measured by the Duke health Pro-

file, improved significantly after intracavernosal

injection of prostaglandin E1 as treatment of erectile

dysfunction [56]. A 34% improvement in “relation-

ship with partner” domain was reported in a the mul-

ticentric European study of 249 men with organic

ED treated with self administered transurethral

alprostadil [57].

4. CO-MORBID CONDITIONS

Co-morbid conditions affect erectile function and

quality of life negatively and treatments of these

conditions usually improve erectile function and

quality of life. An interesting observation was, that

symptomatic treatment of ED with sildenafil, resul-

ted in an improvement of depression as measured by

depressive scales [57].

Behavioral factors significantly influence the beha-

vior of ED patients and their partners. This influence

ranges from attitudes toward diagnosis, treatment

seeking and ultimately to treatment compliance and

dropout.

In a study by Althof, he stated that the high rate of

V. TREATMENT SEEKING 
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discontinuation for men receiving treatment for ED

(50-60%) could not be explained by inefficacy. Dr.

Althof explored psychological reasons for dropout

and proposed 7 factors that may explain why men,

women, and couples resist continued treatment [5].

In another study 30 of 47 patients successfully trea-

ted with intercavernous vasoactive agents responded

to a self-questionnaire asking their reasons for drop-

ping out of the program. The authors concluded that

discontinuation was not due to treatment-related pro-

blems [59]. Another 2 studies showed a factor that

might affect dropout or noncompliance. It was the

tendency to attribute one's problems to external fac-

tors (i.e., the partner) and therefore, the alleviation of

the problem might not be properly attributed to

medical intervention [60, 61]. A Japanese study spe-

cifically addressed patient attitudes toward ED treat-

ment through a national mail survey sent to married

couples 30 to 79 years of age. Of the 2034 males and

1820 females who responded to questions about the

male's sexuality, 29.9% of males felt they had ED

and 30.1% of females felt their husbands had ED.

Low percentage of seeking treatment was observed;

only 4.8% of male sufferers had consulted a physi-

cian. Reasons cited might be, in part, cultural (“shy-

ness”, “should be covered by insurance”, or “not

bothered by ED”) [62]. In a study using question-

naires sent to 108 patients, 100 (93%) responded.

Researchers looked at hospital records and data from

the survey. Only 32% continued self-injection treat-

ment, about half of those (56%) discontinued within

the first year, and patients who stopped therapy were

significantly older and had poor initial impressions

of therapy. As with other studies, the authors conclu-

ded that dropout had little to do with side effects or

etiology [63]. In a study of 195 men comparing treat-

ment compliance and treatment choice with marital

satisfaction using the Maudsley Marital Questionnai-

re (MMQ), no differences were found between the 4

groups tested : 1) patients on ICI treatment, 2) dro-

pouts during the trial-dose phase, 3) patients on other

treatment, and 4) patients renouncing treatment after

first counseling. However, in the ICI treatment

group, efficacy was increased by offering informa-

tion and enabling couple communication [64].

Finally, a survey of depressive symptoms in patients

presenting with ED suggested that ED patients with

high depressive scores were more likely to disconti-

nue treatments for ED [57].

A study was performed in the USA and 5 European

countries (Germany, United Kingdom, France, Italy,

and Spain) [24]. The aim of this study was to descri-

be the motivators and barriers influencing treatment-

seeking behavior in men with ED. Screening inclu-

ded 32,644 men. Follow-up questionnaires were

completed by 2,831 men, who suffered from ED.

Men were recruited while they were in waiting

rooms in general practice offices. Treatment seeking

among ED sufferers was highest among Spanish men

(48%) and lowest for German and Italian men (27%

and 28%, respectively). Rate of current ED medica-

tion use among ED sufferers was quite low across all

countries, ranging from only 8% in France and Italy

to 14% in the US. The top two barriers to seeking ED

treatment were the beliefs that ED was a normal part

of aging and that the condition would resolve on its

own. Older men were more likely to view ED as a

normal condition, and younger men were more like-

ly to hope that their ED would resolve on its own.

Once they perceived they have an erection problem,

men waited many months before seeking treatment,

ranging from just over a year in Italy to almost 3

years in the UK.

Several barriers continue to influence treatment-see-

king behavior in men with ED resulting in low rates

of utilization and high rates of dropout of therapies

for ED. Further research in this field is urgently

necessary.

There are multiple goals of a diagnostic evaluation

for a patient with Sexual Dysfunction. The first goal

is to ascertain that the sexual dysfunction is not a

symptom of an underlying medical disorder that

requires treatment regardless of the status of sexual

function. For example, endocrine disorders, such as

hyperprolactinemia, may present with sexual dys-

function in both men and women and it is important

to recognize because of its destructive effect in the

brain. Likewise, diabetes mellitus may present as

sexual dysfunction. The second goal of a diagnostic

evaluation is to identify any correctable cause of

sexual dysfunction. An example of this might be

hypogonadism in the male or reduced libido in the

female due to low testosterone levels that could be

easily corrected with testosterone replacement thera-

py. Finally, a diagnostic evaluation provides an

explanation for the sexual dysfunction. At this point

in time there has been little standardization of the

diagnostic evaluation for female sexual dysfunction

while the male erectile dysfunction evaluation has

VI. DIAGNOSTIC EVALUATION
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been well described. The evaluation for early (pre-

mature, rapid) ejaculation is minimal consisting pri-

marily of a medical and sexual history. The remain-

der of this section will deal with evaluation of erec-

tile dysfunction (ED) 

Other factors have to be considered in developing

guidelines for the diagnostic evaluation of sexual

dysfunction, particularly erectile dysfunction. Is it

necessary to perform a complete evaluation in all

patients ? The answer is likely “no” and that a simple

screening with a full medical and psychosexual his-

tory is satisfactory the vast majority of patients.

There is a tremendous cost to applying a full dia-

gnostic evaluation for all patients with sexual dys-

function since laboratory tests, such as a serum tes-

tosterone level, that are taken for granted in the eco-

nomically advanced countries may be prohibitively

expensive in other parts of the world. This, as well as

other epidemiologic observations, have made it

necessary to develop guidelines for the diagnosis of

Erectile Dysfunction in order to adopt a correct,

rapid, advantageous (in terms of health and cost)

approach to ED and to the pathology that often

causes it.

The diagnostic flow-chart is comprised of three

levels ranging in invasiveness and expense. This

includes 1) Non-invasive, 2) semi-invasive and 3)

invasive tests. The first level consists of history, phy-

sical examination and limited laboratory tests. A

complete medical history as well as a psychosexual

history is needed. Validated instruments such as the

International Index of Erectile Dysfunction and

Beck's questionnaire for the deflection of mood tone

have been utilized. Physical examination of the geni-

talia, vascular system, neurological system and

assessment of endocrine status are required. Routine

laboratory tests employed include blood sugar, lipid

profile, urine dipstick and hormonal assessment.

The importance of this initial evaluation has been

emphasized by the findings of Carbone and col-

leagues who showed that 15% of the men being eva-

luated for sexual dysfunction had previously undia-

gnosed urological tumors [66]. The accuracy of this

simple evaluation is much higher than one might

expect. Davis-Joseph and co-workers determined the

accuracy of establishing the differential diagnosis

between organic and psychological erectile dysfunc-

tion using medical history and a physical examina-

tion alone, compared to that obtained from more

advanced diagnostic testing [67]. They concluded

that medical history and a physical examination had

a sensitivity of 95% but specificity of only 50%,

which is quite reasonable considering the simplicity

and low costs of this evaluation. 

Semi-invasive studies include evaluation of noctur-

nal erections (NPT), assessment of penile blood flow

with non-invasive Doppler ultrasound and psycholo-

gical assessment. Evaluation of nocturnal erectile

activity is typically performed while differentiating

between physical causes of ED and psychogenic

causes. There are many ways of performing this test

from a simple and inexpensive snap gauge test to for-

mal nocturnal sleep monitoring. The most common-

ly utilized method in the United States is the Rigis-

can-NPTR. The sensitivity of the Rigiscan is 90.6%

and the specificity is 88.1%. This test does not per-

mit discrimination of subjects with arterial insuffi-

ciency and veno-occlusive dysfunction nor is the

documentation of a physical cause necessary in the

vast majority of patients being treated. This evalua-

tion costs approximately US $600 due to the high

cost of equipment and materials as reported in

various DRG (Diagnosis Related Group) and insu-

rance reimbursement policy.

Penile Doppler ultrasonography assesses the arterial

inflow to the penis. The most up to date equipment

utilizes color enhancement along with Power Dop-

pler to most accurately measure low flow systems.

Penile blood flow measurement does not directly

assess either the pelvic arterial vasculature or dia-

gnose veno-occlusive dysfunction directly but only

by inference. This study is often performed in

conjunction with pharmacological stimulation of an

erection by the intracorporeal injection of a vasoacti-

ve agent. The cost for the test and necessary drug

(Prostaglandin E1) is approximately US $150 as

reported in various DRG (Diagnosis Related Group)

and insurance reimbursement policy.

More invasive studies include cavernosometry/

cavernosography and arteriography. Cavernosometry

and cavernosography are gold-standard in the dia-

gnosis of veno-occlusive dysfunction. A major draw-

back to this diagnostic study is the high rate of false

positive results due to a variety of issues but prima-

rily related to subject anxiety. There is a very poor

correlation with other objective studies including

NPT and there is considerable overlap in results

amongst men with ED and normal subjects. Audio-

visual Sexual Stimulation together with repetitive

administration of vasoactive agent are the methods

utilized to overcome the psychological inhibition of

the patient. The cost ranges from US $180 to 200 as

reported in various DRG (Diagnosis Related Group)

and insurance reimbursement policy. Selective arte-
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riography of the pelvic arteries has been utilized for

the assessment of patients who are potential candi-

dates for vascular surgery. It has a very limited role

in the current management of sexual dysfunction.

The semi-invasive and invasive studies have a limi-

ted role today. Patients with primary ED can be quite

challenging. The majority have a psychological basis

and thus it is important to rule out psychogenic ED

before proceeding with more invasive testing and

therapies. Younger, healthy patients with a history of

either pelvic or perineal trauma might benefit from

further vascular testing and arterial reconstructive

surgery. This sub-population represents significantly

less than 1% of the overall ED population. Finally, a

more extensive evaluation may be performed in

patients that have a specific desire to know their etio-

logy or medical-legal issues. 

From the point of view of health administration,

establishing a diagnosis with 95% sensitivity without

carrying out any examinations is preferred compared

to the expense of an extensive evaluation of ED.

However, from the patient's point of view, a simple

empirical therapeutic approach, although effective in

restoring erection, may leave too many questions

unanswered [66-72].

Research-based pharmaceutical companies invested

$32 billion in research and development in 2002.

The majority of this money was focused on diseases

related to endocrinology, oncology, infection and the

central nervous system. Approximately 3% of this

total was for the development of products involving

the genitourinary system. With the expected intro-

duction of two new oral medications to treat ED in

2003, the amount of dollars devoted to discovery in

this area is unlikely to materially increase in the near

term. 

Longer term, the combination of advances in mole-

cular biology and a greater understanding of the phy-

siology of erection and the pathophysiology of erec-

tile dysfunction could allow for the success of gene

therapy strategies. In analyzing the overall market

for ED, it is necessary to consider non-pharmacolo-

gic therapies, such as penile implants and vacuum

erection devices. While this data is more difficult to

ascertain, it appears that the annual dollars allocated

to R&D for penile implants has remained at roughly

the $7 million level for the past four years.

1. SALES

Worldwide pharmaceutical sales were estimated at

$370 billion in 2002, with about 44% occurring in

the United States. In the U.S., whereas total health-

care spending is increasing at a 7% rate, pharmaceu-

tical sales are forecast to grow by 12% annually, and

now comprise 10% of national healthcare expendi-

tures. The total market for drugs to treat ED repre-

sents a very small portion of this total. Sildenafil

sales in 2002 were $1.74 billion, an increase of 14%

over 2001. In the United States, where Viagra

accounts for 98% of ED prescriptions, sales were

$1.02 billion, which represented an 11% increase

over 2001, probably due to the rising numbers of oral

drugs non-responders. Since its introduction, 120

million prescriptions have been written for sildenafil,

and more than 20 million men have been treated

(Table 2).

Worldwide sales of penile implants approximated

$92.60 million in 2002, an increase of 11% over

2001. The continued preference for oral therapies

should limit the overall market share achievable by

implants.

2. COST-EFFECTIVENESS

The introduction of sildenafil in the United States in

1998 not only revolutionized treatment for an under-

diagnosed disease but also forced health plans to

reexamine their strategy of prescription drug covera-

ge. The decade of the 1990's was characterized by

the increasing availability of prescription benefit

plans, which initially had minimal co-pays and

deductibles. The first issue confronting the insurers

was that of medical necessity. Once coverage was

allowed, the pill quantity of a prescription needed to

be ascertained. This was especially relevant in light

of the $10 per pill cost of sildenafil, as most patented

oral medications were priced at about $1.50 per day.

A cost-effectiveness analysis performed by Smith

and Roberts compared Sildenafil with no drug thera-

py. [39] They concluded that Sildenafil treatment

costs approximately $9000 per quality-adjusted life-

year. This compares favorably with other interven-

tions for medical conditions, including renal dialysis,

VII. COST OF THERAPIES

VI. RESEARCH AND 

DEVELOPMENT
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cholesterol-lowering medication and coronary artery

bypass grafting. Furthermore, it was well below the

$50,000 threshold often used as a benchmark in such

analyses [4].

Further support for the cost effectiveness of Sildena-

fil was provided by an analysis performed in the

Netherlands that compared Sildenafil with papaveri-

ne-phentolamine injections [5]. It was concluded that

Sildenafil created more benefits and more costs, as a

greater number of patients were willing to be treated.

The mean incremental cost utility ratio of Sildenafil

compared with papaverine-phentolamine was 3639

British pounds per quality-adjusted life year in the

first year, and improved in subsequent years. This

ratio was considered favorable, as acceptable thre-

sholds of cost utility were found to vary between

8,000-25,000 British pounds. Also, it was noted that

many interventions with less favorable cost utility

ratios were being funded, including breast cancer

screening and kidney transplantation [6].

The ED field is still in continuous evolution. It is not

clear currently what model it will follow in compari-

son to prior more established fields. There are simi-

larities between ED and a number of other fields,

such as benign prostatic hyperplasia (BPH), arthritis,

and depression. All are chronic and potentially pro-

gressive. BPH and arthritis have medical and surgi-

cal treatments. Medical treatments of all 3 conditions

do not provide a cure, rather a control and improve-

ment of symptoms. We have already seen that with

the introduction of oral therapy, the treatment of

simple cases of ED is mostly with oral medications

in the primary care setting. Complex and severe

cases are referred to specialists (mostly urologists)

for the treatment with injection therapy or in case of

failure with prosthesis surgery. This evolution fol-

lows very closely the models of BPH and arthritis

treatment.

1. THE DESCRIPTIVE ECONOMICS OF ERECTILE

DYSFUNCTION (ED)

Economic planners and health care providers were

obviously concerned by results from the MMAS for

the prevalence of ED, both in terms of current status

and predictions for the future decade. MMAS esti-

mated 30 million US men to suffer from some degree

of ED, expected to increase by 20% by 2010 with

921,000 cases predicted annually. Studies from the

UK suggest that the prevalence of ED in primary

care is 30%, suggesting over 4 million sufferers. The

study also found that only half the sufferers wished

treatment and subsequent research has suggested that

of these only about half continue on treatment long

term. This would tend to suggest that currently only

about 7% of all men wish to remain on treatment and

that, in the case of oral treatment, frequency of use is

around once to twice per week [34].

IX. ECONOMIC IMPACT

VIII. ECONOMIC MODELS
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Response to such predictions and the license of the

first oral therapy in 1998, lead to an immediate inter-

vention by the UK government to restrict access the

therapy to a few defined medical conditions in an

effort to control national health expenditure. A recent

analysis of the effects of these measures is discussed

later. No other health care system has totally embra-

ced the concept of treating erectile dysfunction as

part of state expenditure and, with a few exceptions,

data from other countries describes a system where

the patient is paying the full private cost of their

treatment. This may be a significant influence in

restraining ED expenditure but may also have intro-

duced a need for patients to “prioritize” their medi-

cations. In such cases the immediate benefits of trea-

ting ED may be seen as more advantageous that

potential long term benefits of other therapies, such

as lipid lowering or anti-hypertensive therapy. The

economic Impact of a disease may not be limited to

the diagnosis and treatment of that disease. Much is

now known of the important associations of ED with

ischemic heart disease, hypertension, hyperlipide-

mia, diabetes, depression and impaired quality of

life. The implications of treating ED and the benefits

in these associated conditions are discussed in other

chapters. These factors are becoming increasingly

important when evaluating the cost effectiveness of

therapy for ED, and in the future for FSD [73, 31].

2. UTILISATION OF HEALTH CARE SERVICES IN

ED

Different health care systems have responded in dif-

ferent ways to the predicted increased demand for

effective oral therapy, since 1998. Most countries,

with the exception of the UK and, initially, Sweden,

banned state sponsored prescribing of oral ED thera-

py. Some, including Holland, allowed more expensi-

ve injection therapy to be available on the assump-

tion that, because of inconvenience, that frequency

of use would be less. Under the UK National Health

service, all drugs have been treated equally and the-

rapy has been restricted to patients with certain defi-

ned conditions, including severe distress, since 1999.

The UK model allows for detailed analysis as all

patients are registered with a general practitioner,

who is responsible for keeping detailed prescribing

and consultation data. A large scale study was publi-

shed in 2002, which provides the most detailed infor-

mation yet on the primary and secondary consulta-

tion patterns from 1997 to 2000 (Figures 3, 4, 5, and

6). Results show a more than doubling of GP consul-

tations in the 24 months following the release of Sil-

denafil, from 151,000 to 331,000 with an increase to

490,000 in the following 12 months. The study also

showed a considerable increase in secondary care

consultations from 9,500 in 1998, to 15,700 in 1999,

to 23,600 in 2000. It is not clear whether this trend

will continue. As the number of Specialist treat-

ments, such as prostheses, fell in this period, the

authors concluded that the need for specialist inter-

pretation of the complex regulations was the major

influence driving the increase in hospital costs. Des-

pite this, the direct cost of managing each patient fell

from $540 to $420 between 1997 and 2000 [34].

Restricted access to ED therapy has led to a massive

market for mail order and internet sales. In many

countries, particularly the US, this practice is wides-

pread and a natural consequence of patients exerci-

sing their rights in a free market. In the UK, internet

selling is illegal for prescription only medication and

concerns have been expressed that the requirement to

pay for oral medication may lead to patients with

important associated conditions, such as ischemic

heart disease seeking internet medication rather than

seeking a full assessment from their physician. This

may have important health economic implications

caused by failure to diagnose important treatable

disease.

3. SD MANAGEMENT COSTS WORLDWIDE

Prior to the launch of Sildenafil in 1998, the ED mar-

ket in the US had been increasing slowly from

$100M in 1995 to $200M in 1997 with injection the-

rapy being responsible for 75% (Figures 7 and 8).

The release of Sildenafil in 1998 increased the num-

ber of men presenting from 6% in 1998 to over 16%

in 2002 with the total market of ED drugs increasing

over 5 fold to $4.8 billion in 2002, closely in line

with the predictions of the 1st International 

Consultation on ED meeting in Paris in 1999. Silde-

nafil accounted for 92% of the total licensed ED drug

market in 2002 at $4.46 billion. In 2002, intracaver-

nosal accounted for only 3% of the total world mar-

ket with MUSE at 1% and other at 5%. This mainly

reflects the license of Apomorphine (Uprima and

Ixense) in 2001. After launch 267,000 prescriptions

were written in Europe, Japan and Latin America in

the first 12 months, but early 2003, figures suggest a

fall of over 30%. Similar changes were seen in the

reduction in the prescribing of MUSE, which fell by

33% to 32,000 prescriptions between 2000 and 2001.

Between 2000 and 2002, there was a significant

increase in the US and European prescribing of

Alprostadil (Caverject), presumable related to non-

response to Sildenafil, although this effect was not

seen in and Latin America, where a fall of around 7%

per year continued.
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Figure 3 : Increase in the number of men presenting to the

general practitioners with ED in the UK 1997 through 2000

(Wilson EC, McKeen ES, Scuffham PA, Wylie K, Hackett

G. The cost to the United Kingdom National Health Servi-

ce of managing erectile dysfunction: impact of sildenafil

and prescribing restrictions. Pharmacoeconomics 20(13) :

879-889, 2002).

Figure 4 : Total direct cost of management of ED in the

National Health System in the UK 1997 through 2000 (Wil-

son EC, McKeen ES, Scuffham PA, Wylie K, Hackett G.

The cost to the United Kingdom National Health Service of

managing erectile dysfunction: impact of sildenafil and

prescribing restrictions. Pharmacoeconomics 20 (13) : 879-

889, 2002).

Figure 5 : While total cost of the management of ED is

increasing, the utilization of intracavernosal therapy,

intraurethral therapy, and penile prosthesis is decreasing in

the UK 1997 through 2000 (Wilson EC, McKeen ES, Scuff-

ham PA, Wylie K, Hackett G. The cost to the United King-

dom National Health Service of managing erectile dys-

function: impact of sildenafil and prescribing restrictions.

Pharmacoeconomics 20 (13) : 879-889, 2002).

Figure 6 : Cost of ED therapy in the National Health Sys-

tem in the UK in 2002.

Figure 8 : Sildenafil monthly prescription tracking in USA

from May 2002 through May 2003.
Figure 7 : Sildenafil prescription tracking in USA from

launch in 1998 through 2002.



Data from the UK study showed that Sildenafil costs

rose from $13M in 1999 to $27M in 2000. The injec-

tion and MUSE markets fell by 30% and 10% res-

pectively over the same period. Psychosexual thera-

py consultations remained constant at around 90,000

sessions per year but the number of prostheses inser-

ted fell from 679 in 19997, prior to Sildenafil to only

245 in 2000. During the period from 1997 to 2000,

the Vacuum device market rose from 16,000 per

annum in 1997 to 28,000 in 2000, possibly influen-

ced by their inclusion as an NHS item in 1999 [68]. 

Although the utilization of sildenafil continues to

grow, the rate of growth has slowed down suggesting

a possible deceleration of the growth of the ED phar-

maceutical market (Figures 9 and 10). Another pos-

sible explanation may be the saturation of a single

medication market.

In 2001, Apomorphine was launched in Europe as

Uprima or Ixense, with worldwide releases (exclu-

ding the US and Japan) throughout 2002. In Februa-

ry and March 2003, 2 new oral PDE5 inhibitors,

Tadalafil (Cialis) and Vardenafil (Levitra) have been

released in Europe (not in the US) but ,at the time of

writing this report, only preliminary data are avai-

lable. Early suggestions are that, particularly with the

potential benefits of a longer duration of action,

Tadalafil has lead to an overall increase in patients

presenting for treatment, but sales of Sildenafil have

continued to be the market leader over this period

(Figures 11, 12 and 13).

It is worth noting that the majority of prescriptions

for PDE-5 inhibitors are currently written by prima-

ry care physicians. Urologists represent the highest

prescription rate relative to their numbers (Figure

14).

Of special interest is the growth of the testosterone

market in the USA (Figure 15). It is clear that the

introduction of the efficacious and safe transcuta-

neous delivery system of Androgel accounted for this

increase. The use of testosterone therapy is expected

to increase with the introduction of newer buccal

delivery systems. The approved indication is the

treatment of hypogonadism. Although ED is one of

the symptoms of hypogonadism, it is not know, how

many patients receiving testosterone therapy present

with a chief complaint of ED.

The exact cost of the treatment of female sexual dys-

function is not known currently. This field is in its

early stages of development and pharmacologic

treatments are mostly in research & development

(Table 3). The utilization of hormone replacement

therapy over the past several years yields very inter-

esting observations. The negative publicity about the

safety of hormone replacement therapy results in

substantial decrease in its utilization (Figures 16, 17

and 18). However, the market of FSD therapy is

expected to grow significantly due to the high preva-

lence of FSD, the increasing awareness of it and the

development of new therapies.

4. FUTURE PREDICTIONS FOR THE SEXUAL

DYSFUNCTION MARKET

The world prevalence of ED is projected to double

through the 30 year period that runs from 1995 to

2025 [3]. On the other hand, it has been estimated

that 70% of all ED is undiagnosed [4] and that, his-

torically, only 5% of men with ED had received

medical attention [5].The combined effect of popula-

tion growth combined with increased life expectancy

will result in around 1 million new cases presenting

annually in the US, particularly as patients are pre-

sented with more choice. Studies such as the MMAS
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Figure 9 : Sildenafil prescription year-to-year growth in

USA from 1999 through 2002.

Figure 10 : Year-to-year monthly total prescriptions growth

for sildenafil and all ED treatments in USA from May 2002

through May 2003.
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Figure 12 : PDE-5

inhibitors total pres-

criptions in the UK

May 2001 through

April 2003.

Figure 11 : PDE-5

inhibitors total pres-

criptions in Germa-

ny May 2001

through April 2003.

Figure 13 : PDE-5

inhibitors total pres-

criptions in France

May 2001 through

April 2003.
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Figure 15 : Testosterone products prescription tracking

in USA June 2000 through May 2003.

Figure 16 : Oral hormone replacement therapy in

women prescription tracking in USA 1999 through

2002. 

Figure 17 : Premarin and

Prempro toal prescription

tracking in USA June

2002 - May 2003.

Figure14 : Sildenafil total prescriptions in the USA by

provider.



and Keele (UK) have consistently shown that 50% of

men do not wish therapy and around 37% disconti-

nue for various reasons, such as lack of efficacy,

side-effects, cost and partner reluctance. This pattern

is likely to be only slightly influenced by the newer

PDE5 inhibitors and it is likely to be at least 5 years

before any new classes of oral therapy are available

[73-77].

Population studies have suggested that Female

Sexual Dysfunction (FSD) is as common as erectile

dysfunction but that only around one third of women

would wish help. Currently there are few licensed

preparations proven to be beneficial in FSD and a

recent BMJ editorial questioned the validity of a

number of the studies. Drugs are currently being

assessed in Hypoactive Sexual Desire disorder in

women and sildenafil appears to show some promise

in Female Arousal Disorder. The need for women to

take regular oral therapy for FSD may prove a major

drawback and it is difficult to predict with accuracy

the potential size of the market. HRT has been shown

to be beneficial in some women with FSD but little

is known about how many women currently use HRT

for this reason. There is still much research to be

done in the diagnosis and assessment of women with

FSD before accurate assessments of a predicted mar-

ket can be made (Figure 2, Table 2 and 3).

Review of the economic aspects of sexual dysfunc-

tions reveals the following observations : 

1) ED remains under treated despite its high preva-

lence. 

2) Treatment seeking behavior influences utilization

of therapy with motivators, barriers and patient atti-

tudes having a significant impact. 

3) Majority of patients with ED are managed by

PCP's. However, urologists remain the leading spe-

cialty. 

4) Utilization of oral therapy for ED continues to

grow 5 years after the introduction of sildenafil. 

5) Oral therapy for ED retains a very large market

share. 

6) Introduction of new PDE5i expands the ED

patient base. 

7) Widespread utilization of herbal and OTC pro-

ducts is suspected with no definitive data. 

8) Growth of ED market may be decelerating. Peni-

le injection therapy remains the leading second line

therapy with a small market share compared to oral

therapy. 

9) Penile prostheses utilization shows a small recent

recovery and growth after a period of decline with

the introduction of pharmacologic therapy. 

10) Very little data is available on the economics of :

early (premature, rapid) ejaculation, hypoactive

sexual desire disorder, retarded ejaculation, Peyro-

nie's disease. 

11) Testosterone therapy has experienced substantial

growth recently after the introduction of transcuta-

neous delivery. 

12) Little is known about the economics of FSD.

However, many new pharmacologic therapies are in

various stages of development. 

13) Hormone replacement therapy in women decli-

ned recently after publications raising concerns

about its safety.  

14) R&D for pharmacologic treatments of male and

female sexual dysfunctions are expanding globally.

Based on the current status of the economical

aspects of sexual dysfunctions, the following

recommendations are presented : 

1) Research should be intensified on the impact of

sexual dysfunctions on society and economy to

appreciate the importance of these dysfunctions. 

2) Treatment utilization data should be dissemi-

nated among academicians and clinicians to help

understand the economical aspects of sexual dys-

functions. 

3) Education of patients (consumers in economic

terms) with sexual dysfunctions is highly impor-

tant to enhance their informed choices

XI. RECOMMENDATIONS

X. SUMMARY
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Figure 18 : Growth of hormone replacement therapy in
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«When the central objectives of an inquiry are to

explore and explain behavior rather than describe it,

when the subject matter is unfamiliar and insuffi-

ciently researched, or when a suitable vocabulary

with which to communicate with respondents is not

available, researchers are well advised to address

their research questions through the use of qualitati-

ve methods. Investigation into most aspects of sexual

and reproductive health fall into one or the other of

these categories». (Ulin, Robinson, Tolley &

McNeill, 2002, p. v) [1].

Human sexuality is highly complex and multi-face-

ted, involving subjective, physical and cultural com-

ponents, which vary from one individual to another

and profoundly affect the nature of the sexual expe-

rience. Some of these components are neglected in

traditional quantitative or experimental research

which focuses on quantifiable aspects and measures

of behavior. Qualitative research (QR) can precede,

complement or extend quantitative approaches, by

adding insights about the subjective, contextual, or

interpersonal aspects of the experience. Often, qua-

litative research serves  to generate hypotheses-

rather than to test hypotheses. Overall, qualitative

health research occupies a complementary and uni-

quely valuable place in the broader framework of

evidence-based medicine, as described by Summers-

kill [2] :

“Qualitative research explains social interactions,

and provides insights to questions of “how” and

“why”. In contrast to quantitative research, which

sets out to challenge an existing hypothesis, qualita-

tive research is hypothesis-generating. Just as quan-

titative research employs different trial designs to

answer different questions, qualitative research also

uses a variety of approaches. Qualitative studies

have a special role in evidence-based medicine.

Understanding patient and practitioner attitudes and

behavior allows evidence to be applied in the most

effective manner” Summerskill (2001; p. 47) [2]  

Lack of familiarity or training in qualitative health

research presents a significant barrier to its acceptan-

ce and use in sexual health research. Few physicians,

health professionals or medical researchers receive

formal training in qualitative health research tech-

niques. Neither are they familiar with qualitative

research traditions and approaches that have been

developed and extensively used in nursing and social

science, and they may even dismiss the qualitative

perspective as inappropriate or unnecessary for the

study of sexual dysfunction or, indeed, any health

area. This resistance to the use of qualitative methods

results from a lack of awareness or understanding of

the goals and methods of QR. For example, a com-

mon misconception is that qualitative research is

purely descriptive, and lacks a defined strategy for

data collection or data analysis. On the contrary,  QR

can be evaluated based on research design, sam-

pling approach or method of recruiting subjects,

analysis and reporting of data, and finally, how

results are presented in the final publication. Since

it provides a unique “lens” through which key issues

and problems in medicine can be studied, qualitative

health research should be viewed as an integral com-

ponent of the basic and applied study of sexuality

and sexual problems. Level of evidence or fidelity in

qualitative research is addressed using traditional

and non-traditional criteria of evaluation.

Qualitative methods are proliferating and finding

advocates and adherents within various specialties.

For example, the second edition of a qualitative heal-
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th research text by primary care physician-resear-

chers Dr. Benjamin Crabtree and Dr. William Miller

is a primer of various data collection strategies and

methods of analysis [3]. Over a dozen journals spe-

cialize in empirical qualitative research, and many

sexuality journals (especially multidiscipinary jour-

nals that include social science as well as biomedical

studies) include qualitative research projects.

The overall purpose of this chapter is to introduce

this area of research along with some of its leading

texts and primary methods, and to provide examples

to readers of how it may be used to address specific

problems in sexual dysfunction research. Rather than

offering a comprehensive overview of all areas of

qualitative health research, this chapter will provide

a basic summary of the methods, along with case

examples of the application of qualitative methods.

Our major goal in this chapter is to introduce rea-

ders to the core concepts and ideas, and to encou-

rage more attention to this approach in future

years. Hopefully, interested readers will pursue fur-

ther study in the area and will consider the use of

qualitative health research methods to address key

problems in the field of sexual dysfunctions, such as

problem identification, communication between

patient and provider, diversity of experiences with

treatment, and help-seeking behavior. Qualitative

methods may also provide an outstanding avenue

for conducting initial research on partner res-

ponses to sexual dysfunction and treatment 

The prima facie criteria used to assess “quality” are

common to all research.  These include:

• Sufficient explanation of background

• Method appropriate to question

• Succinct statement of objectives and research 

questions

• Full description of methods

• Clear presentation of findings

Beyond these fundamental criteria,  evaluation of the

quality or “trustworthiness” of QR requires criteria

tailored to its particular research “paradigms.” A

detailed presentation of these criteria are beyond the

scope of this chapter, but will be discussed briefly

below. 

1. QUALITATIVE RESEARCH IS NOT:

• Just a list of tools or methods (such as in-depth

interviews and focus groups)

• Always conducted on a small scale

• The opposite of quantitative research

• Only concerned with subjective personal expe-

rience.

2. QUALITATIVE RESEARCH IS:

• A different but legitimate approach to scientific

enquiry

• Dependent on conceptual rather than numerical

analysis

• Concerned with the negotiation and construction

of meaning within a social context

• Focused on elucidating the relationships among

subjective experience, lay knowledge, social

structures (e.g. the material world) and action (i.e.

behavior)

With the rapid growth of sexual dysfunction resear-

ch and practice, limitations or critical gaps have

appeared in a number of areas. For example, we

know that clinical trial data in numerous studies of

men with ED have proven overall safety and effica-

cy of new pharmacological treatments (See: Vol. 1;

Chapter 13). However, recent data have also shown

that many men either do not seek treatment for their

problem, or discontinue treatment prematurely [4] In

this multinational survey of more than 20,000 men in

8 countries, less than 20% of those identified with

ED were active in treatment at the time of the study,

although more than half of those with ED had spoken

with a health professional at some time about the

problem. Recent large-scale surveys in women have

shown that women with sexual problems vary great-

ly in the amount of subjective or interpersonal dis-

tress they experience [5]. Traditional clinical trial or

survey-type research provides little information

about these phenomena and hypotheses are needed to

guide future explanatory research. Thus, qualitative

studies are being conducted in these areas to investi-

gate subjective and interpersonal processes that

influence sexual distress, and to better understand
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the motivations associated with treatment-seeking

for sexual problems in both men and women. 

OTHER KEY AREAS OF APPLICATION OF QR TO SEXUAL

DYSFUNCTION RESEARCH INCLUDE:

1. DEVELOPMENT OF NEW ASSESSMENT TOOLS

FOR MEASUREMENT OF SEXUAL FUNCTION IN

MEN AND WOMEN. 

In conjunction with this Consultation, a brief, new

screening questionnaire for male sexual dysfunction

has been developed (See Vol 1; Chapter 5). In the

early stages of development, qualitative focus groups

and one-to-one interviews provided valuable insights

into issues of relevance, definitions and terminology

to be used and subjective responses of men to this

new instrument. Qualitative approaches have simi-

larly been used in the development of new scales

and questionnaires for assessing women’s sexual

dysfunction [6,7] It is important to acknowledge,

however, that brief questionnaires are often criticized

by qualitative researchers as superficial and mislea-

ding. Greater communication between quantitative

and qualitative researchers will illuminate these ten-

sions and likely lead to better research by both

groups.

2. ATTITUDES AND PRACTICES OF HEALTH

CARE PROFESSIONALS IN MANAGING SEXUAL

PROBLEMS. 

Large-scale survey studies have revealed that most

patients do not feel comfortable in discussing sexual

problems with their physician or health-care provi-

der, and few have confidence that their physician

will be able to help them with their problem [8].

Physician discomfort and lack of familiarity with

sexual dysfunction is a major obstacle to effective

communication in this area. Qualitative research

studies are being conducted to investigate these

issues more fully, and to gain insight into the sub-

jective and interpersonal processes that limit

patient-physician communication about sexuality. 

3. PARTNER RESPONSES TO SEXUAL PROBLEMS,

TREATMENT-SEEKING AND TREATMENT

SATISFACTION.

Little is known about the consequences or impact

for the partner of sexual problems in men or women,

or the role of the partner in treatment-seeking or out-

comes associated with treatment. This is a potential-

ly critical area for future development of the field,

and an ideal topic to be addressed from the perspec-

tive of qualitative health research.

4. SEXUAL PROBLEM CLARIFICATION

Qualitative research methods can begin to address

criticisms of the traditional definitions of sexual dys-

functions that they are overly mechanical or decon-

textualized. Patient-centered research on sexual dis-

tress can clarify appropriate definitions and catego-

ries.

QR approaches are typically focused on generating

explanatory constructs or theory, rather than tes-

ting specific hypotheses. They are best used in a

field where there are fewer answers than questions.

“Many quantitatively trained researchers first started

working qualitatively because they recognized that

the statistical analyses of particular survey responses

did not seem to fit what those in situations of interest

said or what people wrote in their open-ended ans-

wers”.  [9]  In contemporary clinical sexology, the

use of surveys exceeds our understanding of the

experiences underlying survey responses. Qualitati-

ve health research offers a specific approach to

examine contradictions, inconsistencies, and

connections among elements touched on by sur-

veys. 

Qualitative health research is well suited to investi-

gate topics and issues in sexual dysfunction research

for several reasons:

• Qualitative health research encompasses a wide

choice of methods to suit particular questions; 

• Qualitative health research includes methods desi-

gned to examine the subjective and interpersonal

domains, which are typically neglected areas in

clinical trials or large-scale survey research. 

• Qualitative health research emphasizes the

context of behavior, and thus is well suited to exa-

mine cultural, gender, and age variations in the

quality of sexual experience. 

As noted above, qualitative research is particularly

valuable in generating hypotheses or constructs to

explain conflicting or problematic outcomes. For

example, qualitative interviews with patients, part-

ners or health-care providers may provide insights
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regarding incentives or obstacles for treatment-see-

king or maintenance of treatment for sexual dys-

function. 

These insights can be used to guide more sophistica-

ted clinical care and can also be used in further quan-

titative research.

In the past, qualitative and quantitative methods have

been viewed as competing or rival approaches, and it

was not uncommon for quantitative researchers to

demean, demote or even dismiss evidence obtained

from qualitative observations or interviews. More

recently, however, it has been observed that:   “the

classic qualitative-quantitative debate has been lar-

gely resolved with recognition that a variety of

methodological approaches are needed and credible,

that mixed methods can be especially valuable, and

that the challenge is to appropriately match methods

to questions rather than adhering to some narrow

methodological orthodoxy”. [10]  As in other areas

of health research, a combined and integrated

approach is optimally effective. [2]  Common rea-

sons for considering qualitative approaches, descri-

bed in Read Me First for a User’s Guide to Qualita-

tive Methods, [9] include:

• A gap exists in the literature because a topic has

been overlooked

• Another way of looking at a topic is needed

because research is contradictory or confused

• People ask “What is going on here” about some

subject because they need more detail and theore-

tical substance

• Researchers want to begin studying a subject

(although they plan to end up with quantitative

inquiry)

• People employed in a particular setting with

patients and coworkers are thinking about begin-

ning a program of research.

Clinical examples are valuable to illuminate the

approach and style of qualitative health research.

The following recent studies illustrate some of the

methods used, in addition to the ways in which goals,

questions, conclusions and motives play an essential

role in qualitative research. 

Two New York City family physicians (assisted by

four medical students) conducted a qualitative inter-

view study with 44 women recently diagnosed with

vaginitis [11]. The researchers were concerned about

outcomes associated with clinical management of

vaginal complaints in women because of: poor cor-

relation between microorganism identification and

patients’ report of symptoms, “fifty per cent of

women with symptoms remain undiagnosed even

after extensive diagnostic workup,” [11]  and symp-

toms associated with vaginitis such as discharge,

odor and itching are common in the normal popula-

tion and do not necessarily indicate the presence of

disease. The researchers decided to use qualitative

methods to explore the patients’ subjective perspec-

tives of these symptoms to help illuminate and resol-

ve these management problems.

They conducted semi-structured 30-45 minute indivi-

dual interviews of their primarily Caribbean patients

“to investigate how women interpret vaginal sensa-

tions as symptoms and construct these symptoms as a

problem requiring medical care” “Given the symbo-

lic significance of the vagina, we thought it likely that

women’s experiences with vaginal symptoms might

be suffused with meanings related to sexuality, mora-

lity, and women’s gender roles“  [11]. 

The results were presented largely as quotes from the

interviews along with brief commentary, showing

that women ranged widely in their conceptions of a

normal vagina and the possible causes of vaginal

symptoms. Most women in the study had not discus-

sed their most serious worries or concerns with their

providers, nor had they mentioned alternative treat-

ments they had used.  Many of the subjects intervie-

wed expressed strong disgust and shame about their

vaginal symptoms, and a number of the women were

extremely anxious about the fertility and sexuality

implications of their vaginal symptoms.

The authors interpreted their findings as evidence

that physicians do not typically understand patients’

experience of vaginal symptoms, and that many

times patients and doctors are “talking past each

other” [11]. Physicians often ignore the psychosocial

aspects of the situation, fail to address fears and false

information, and are surprised when medical recom-

mendations are not followed and complaints become
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chronic. They conclude that “the conventional disea-

se model of vaginitis is an inadequate conceptual fra-

mework, both for understanding and for managing

this common disorder.…[and recommend] open dia-

logue about symptoms, about their meaning and

implications, and about the normal variation among

individuals in vaginal wetness, odor and itching”

[11]. 

This study illustrates the valuable role of qualitative

research in elucidating the subjective reactions of

women to common symptoms of vaginitis. Just as

the researchers in this study gained significant

insights into the responses of their subjects to vagi-

nitis, similar methods can and should be used to

assess subjective responses to sexual dysfunction.

There are enough similarities between the problems

giving rise to this study and its conclusions and the

clinical situation surrounding sexual dysfunction to

suggest a valuable role for qualitative inquiry. Many

sexual medicine clinicians will recognize elements

of their own practice in this picture of patients who

give their symptoms diverse, shame-infused mea-

nings, who have vague and extreme fears, who with-

hold information, and who return time and again

with their condition unimproved.

Another example may illuminate how sexual com-

plexities in women’s lives that remain hidden in

quantative survey research can be revealed by quali-

tative research. Psychologists Sherry Hamby and

Mary Koss recently conducted five ethnically and

geographically diverse focus groups to discuss

sexual victimization [12]. They recruited African-

American women and conservative Christian women

from church settings, Apache Native American

women from office settings, men employed as cor-

rections officers and college student men. Each

group reflected on survey questions popularly used

to inquire about unwanted, nonvoluntary, forced, and

coerced sex among women, and all groups felt these

terms had very different meanings and would produ-

ce very different statistics. The groups discussed

their discomfort with sexually explicit language, and

yet “most seemed to feel that it was preferable to be

explicit and get good data than to use potentially

ambiguous terms like unwanted or nonvoluntary and

then not be sure about exactly what you have” [12].

The authors provide many excerpts from the group

discussions of these complex issues, and conclude

that “qualitative research and theory development

have key roles to play in furthering our understan-

ding of the varieties of negative sexual experien-

ce….Reducing confusion over terminology is key to

continuing to improve our assessment of sexual vic-

timization.” [12]. As with the study of vaginitis,

there are direct parallels to our understanding of

sexual dysfunction to be found in this research.

1. THE NATURE OF QUALITATIVE EVIDENCE

The evidence-based medicine (EBM) movement

rightly promotes “the conscientious, explicit, and

judicious use of current best evidence in making

decisions about the care of individual patients” [13]

(p. 71, emphasis added).  The EBM movement

embraces the role of clinical skills and experience in

the diagnostic process, but not in determining the

choice of therapy [14].  This determination should be

based on quantitative research that is rank-ordered

according to certain methodological qualifications.

The highest level of evidence is obtained from syste-

matic reviews of randomized controlled trials

(RCTs) (e.g. Cochrane’s reviews) and the fifth and

lowest level of evidence “represents the opinions of

respected authorities based on clinical experience,

descriptive studies, or reports of expert committees”

[15]. It is noteworthy that qualitative methods have

recently been adopted as a component of evidence-

based medicine [2] and that a Cochrane’s Review

Committee for Qualitative Health Research has

recently been established. 

The choice of study design in qualitative health

research is usually based on the nature of the ques-

tion being addressed and population to be studied.

General approaches include the following [2] 

Phenomenological or subjective experience. As

illustrated in the above examples, qualitative studies

are often designed to obtain as much information as

possible about the personal and subjective experien-

ce of individual subjects in relation to the topic of

interest (e.g. vaginitis, sexual coercion). In-depth,

one-to-one interviews or small discussion groups led

by experienced researchers are typically used for

obtaining this information. Formal techniques are

used for distinguishing between the verbatim narrati-

ve of the subjects and the thematic interpretation of

researchers based on the narratives provided.

Grounded theory. Based on responses from indivi-

duals or groups of individuals, the researcher typi-

cally develops a conceptual framework or “grounded
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theory” to explain the issue or problem under consi-

deration. This theory is then evaluated in further qua-

litative studies with other groups of subjects, and

modified accordingly. Theoretical constructs are

developed and refined inductively, based always on

the qualitative responses of involved subjects. 

Action research. Participatory or action research is

based on the essential idea of collaboration or positi-

ve participation between researchers and subjects.

“Action to promote change” is a core construct of

qualitative health research. Ideally, subjects and

researchers share a common commitment to this

principle, and participate actively together in defi-

ning the research agenda and identifying suitable

topics to be explored.

1. BETTER UNDERSTANDING OF INDIVIDUALS’

EXPERIENCES OF SEXUAL PROBLEMS

Qualitative sexual research (QR)can explore the

concern that current models of sexual response and

dysfunction may be too genitally focused and make

distinctions between sexual arousal and sexual inter-

est that are arbitrary and that do not reflect an indivi-

dual’s experiences. QR can provide a balance in

research perspectives.  QR explores the myriad of

psychological and interpersonal factors that can

affect desire and arousal. 

Current diagnostic approaches for sexual problems

in women are often felt to be unsatisfactory, and

recent attempts to modify the DSM-IV diagnostic

categories have been criticized (for detailed discus-

sion see Journal of Sex and Marital Therapy, Vol 27

No 2, 2001). Rather than having researchers/clini-

cians try to reach “consensus” on the classification of

sexual problems (particularly for women), QR

allows and encourages women research participants

to describe their experiences in ways that may allow

us to arrive at a broader and more inclusive diagnos-

tic system more attuned to the range of women’s and

men’s sexual complaints.  

Researchers should strive to understand the nature of

sexual desire and arousal in non-clinical as well as

clinical samples.  We need a clearer understanding of

how individuals experience sexual problems, in their

own terms. To do this requires QR into basic ques-

tions e.g., “How do women and men experience, and

conceptualize, sexual desire and arousal? “How does

sexual desire relate to sexual response, and behavior

in the context of relationships?” [16] How do the

experiences of sexual response and problems, and

the factors related to them, vary in different cultural

contexts? QR addressing these questions could

improve our understanding of how  men and women

conceptualize, prioritize, report and recall their

sexual experiences and sexual difficulties  and gene-

rate hypotheses for further research.

2. DESIGN OF ASSESSMENT AND TREATMENT

STUDIES

QR has been recommended as a means to construct

questionnaires for more than a decade [17] but has

seldom been used in the area of sexuality research.

Similarly, clinical “end-points” in sexual dysfunction

studies often focus on quantifiable elements such as

frequency of intercourse, genital response, and

orgasm. There is a widespread assumption, not sup-

ported by much social  science research, that orgasm

is a necessary requirement for a “successful and

satisfactory sexual event” [18]. In a recent US sur-

vey, for example, physical aspects of sexual respon-

se in women including arousal, lubrication, and

orgasm were not good predictors of distress about

sex, whereas general well-being and relationship

with partner were [5]. Qualitative research could

inform more meaningful assessment instruments and

clinical end-points for treatment studies.

Qualitative research is of crucial importance for

developing research instruments to use in varied

cultural (and sub-cultural) settings. For example, in

a World Health Organization study [19] evaluating

changes in sexuality in women in Scotland and the

Philippines after starting oral contraceptives, there

were marked pre-treatment differences in sexuality-

related variables between these two cultural settings.

The researchers discussed the possibility that the

methods of assessment may have been less appro-

priate for the Philippine women. The key question is

“How can we define sexual functioning in culturally

sensitive ways?”  QR offers several different

methods to address this question.

Many sexual dysfunction treatments focus on impro-

ving genital response, but the success and conse-

quences of treatment may be affected as much by

relational and cultural factors as by physical and

psychological changes [20]. Little systematic resear-

ch is being undertaken into the nature of relational
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and cultural factors and QR has the potential of

elucidating the many factors that can affect sexual

functioning. Also, we do not have a clear idea of the

range of answers and advice patients are looking for

when they seek treatment. Again, QR can shed light

on this issue. 

In a recent focus group study designed to help inform

the development of a questionnaire to assess sexual

excitation and inhibition in women, a broad range of

factors were cited as influencing sexual arousal [21].

Women reported that they recognize sexual arousal

using a wide range of cues, including physical (geni-

tal and non-genital), as well as emotional, behavio-

ral, and cognitive changes. Lubrication was one of

many cues for arousal, but neither a necessary nor

sufficient one. Participants also did not clearly diffe-

rentiate between desire and arousal, nor did desire

always precede arousal, as the triphasic model of

sexual response [22]underlying current diagnostic

categories would imply. 

3. ADDITIONAL AREAS FOR APPLICATION OF

QR RESEARCH IN SEXUAL MEDICINE:

1) evaluating couples and individual’s experiences of

therapies (both sex therapy and drug therapies); 2)

better understanding of patients’ experiences in pla-

cebo controlled trials; 3) identification of prognostic

factors in treatment outcome; and 4) exploring gen-

der differences and dynamics in diagnosis, treatment

and evaluation of outcomes. QR potentially gives

voice to patients’ views on the actual experience of

sexual problems and treatment that can help

inform future research and clinical work.

This chapter provides a broad overview of the

conceptual basis and rationale for applying QR

methods in the study of sexual dysfunction pro-

blems in men and women. QR is a rapidly develo-

ping field of study, with broad application in both the

biomedical and psychosocial sciences.  A major

point of emphasis in this chapter is that QR should

be viewed as a complementary approach, and is not

inherently antithetical or contradictory to traditio-

nal quantitative methods in sexual medicine.  Ten-

sions exist, but they are not irresolvable, and more

and more researchers are combining these

approaches as appropriate to different phases and

aspects of study. Qualitative methods are particu-

larly well-suited to investigate the psychological or

interpersonal reactions of individuals to their

sexual problems, as well as the responses of part-

ners or other affected individuals. QR also focuses

attention on the social context of sexual dysfunction,

and may be used to generate hypotheses for inclu-

ding these factors in more formal quantitative stu-

dies. 

Specific examples are provided in this chapter of QR

applications to current problem areas in sexual dys-

function research. In particular, qualitative studies

are being used increasingly in the early stages of

questionnaire development for identifying relevant

domains and topic areas to be addressed.  Subjects

are invited to participate actively in focus groups or

individual interview settings to collaborate with

investigators in developing relevant and psychologi-

cally meaningful questionnaires.  However, casual

group discussion is not the same as professionally

conducted and analyzed qualitative focus groups.

Informal interviews and group discussion have a

place in the preliminary information-gathering

stages of all research, but this should be distingui-

shed from well-prepared, conducted and analyzed

QR. Qualitative methods are also being used to

investigate treatment-seeking motivation and bar-

riers to care in men and women with sexual pro-

blems. Finally, communication between physicians

and patients regarding sexual health issues are being

investigated in QR studies.  Overall, qualitative heal-

th research provides a complementary or alternative

approach for addressing important issues or topics

not addressed in traditional quantitative research.  It

is strongly recommended that this approach be used

more frequently and systematically in future

research on sexual dysfunction in men and women. 
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Sexual problems are highly prevalent and botherso-

me, yet frequently neglected in clinical practice.

Even among clinicians who acknowledge the rele-

vance of addressing sexual concerns in their patients,

there is a general lack of understanding of the opti-

mal approach for sexual problem identification and

evaluation.  In this chapter, we provide basic guide-

lines and describe the broad approach for assessing

sexual problems in primary care or general medical

practice. Guidelines are presented for specialized

assessment of erectile dysfunction (ED), which is the

most common presenting problem in men.  Speciali-

zed diagnostic approaches for evaluating other

sexual problems in men are described in Chapter 7

(Priapism and Peyronie’s Disease) Chapter 8

(Orgasm Disorders), and Chapter 11 (Endocrine

Disorders). Specialized approaches in women are

described in Volume II; Chapter 7 (Orgasm Disor-

ders in Women), Chapter 9 (Endocrine Disorders in

Women) and Chapter 10 (Women’s Sexual Dysfunc-

tions). Readers are referred to these chapters for

detailed guidelines on diagnostic evaluation of these

problem areas. 

Three basic principles or approaches underly the

management of sexual problems in both men and

women.  These concepts are: (i) adoption of a

patient-centered framework for evaluation and

treatment; (ii) application of the principles of evi-

dence-based medicine in diagnostic and treatment

planning; and (iii) use of a unified management

approach in evaluating and treating sexual problems

in both men and women.  When taken together, these

three principles provide a balanced and integrated

approach to clinical evaluation and treatment of

sexual dysfunction.  

Traditionally, the dominant model in medicine has

been the “disease-centered” approach, which

assumes that disease is “fully accounted for by

deviations from the norm of measurable biological

variables”[1]. The “disease-centered” model focuses

on medical consultation and establishment of an

essentially patriarchal doctor-patient relationship, in

which the patient fulfils a passive role and the doctor

embodies medical expertise. It aims to measure out-

comes in an objective and quantifiable way, while

often neglecting that “people do not come in for dia-

gnosis and treatment; they come to be made well,

made whole, to recover the sense of health, of being

well, fully alive, in-the-world” [2]. This applies par-

ticularly in the case of sexual medicine. Patient-cen-

tered care, on the contrary, is “an approach that

consciously adopts the patient’s perspective” and

respects his or her ideas, feelings, expectations and

values, as “the physician tries to enter the patient’s

world, to see the illness through the patient’s eyes”

[3].

Balint [4], in describing the term “patient-centered

medicine”, has emphasized the significance of

“understanding the patient as a unique human

being”.  One recent definition describes it as the

health care approach that establishes a partnership

among practitioners, patients and their families

(when appropriate) to ensure that medical decisions

respect patients’ wants, needs and preferences, and

solicit patients’ input on the education and support

needed to make key decisions and participate in their

own care.

Patient-centered medicine assumes a holistic

approach that takes into account not only the bio-

logical dimension of disease, but also its psycholo-
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gical and social implications, in accordance with

the definition of health of the World Health Orga-

nization [5]. 

The term “goal-directed approach”[6], is similarly

focused on the need to consider the patient’s goals

and motivation in making diagnostic or treatment

decisions. The goal-directed approach was develo-

ped as an alternative to costly and invasive dia-

gnostic testing for ED, and emphasizes the role of

patient education and dialogue. This approach

views the medical and psychosocial history as the

cornerstone of effective diagnosis [7].

1. PATIENT-CENTERED CRITERIA FOR

DEFINING SEXUAL DYSFUNCTION

In defining a sexual dysfunction, the following

patient-centered criteria should be considered:

Sexual dysfunction exists only when satisfaction

arising from the integrated components of sexual

function, e.g. sexual desire, arousal, and orgasm or

climax are reduced or absent. A person may have a

specific dysfunction, such as erectile dysfunction or

anorgasmia, but not consider it as a personal pro-

blem. Sexual dysfunctions are essentially self-repor-

ted conditions; as such, the diagnostic approach has

as a primary goal not to prove the existence of the

problem, but to unmask the underlying etiology and

consequences of the problem, and to consider

appropriate management options.

Current WHO definitions [5] view sexual health as

“a state of physical, emotional, mental and social

well-being related to sexuality; it is not merely the

absence of disease, dysfunction or infirmity”.

According to this definition, there may be no biolo-

gical findings, although the patient may feel that

he/she has a sexual problem, due to interpersonal,

psychological or social problems. 

Outcomes assessment should focus not only on

resolution of symptoms, but also on overall patient

satisfaction. Scant data are available on outcomes

evaluation with patient-centered approaches in

sexual medicine. However, published data on

patient-centered management of other medical

conditions have shown that this approach is associa-

ted with increased efficiency of care (fewer diagnos-

tic tests and referrals) [8], increased patient   [9,10]

and physician satisfaction [11], higher compliance

[12] and fewer malpractice complaints [13].

2.  THE PATIENT-PHYSICIAN DIALOGUE:  

FORMING A HEALING RELATIONSHIP

The first step in the evaluation of any patient with

sexual problems should be to establish an effective

physician-patient-partner relationship. Only by

encouraging the patient or the affected couple to dis-

cuss their sexual experience, will the physician fully

ascertain the patient’s sexual concerns, their feelings

and expectations about the sexual problem, and espe-

cially their concerns about the condition, its impact

on patient’s/partner’s quality of life, and their expec-

tations regarding the therapeutic outcome. 

A second important focus of a patient-centered

approach is the attempt to understand the whole per-

son, including the patient’s culture and background,

his/her life setting, family and clues about the sexual

partner. As McCormick and others have observed:

“it is as important to know the patient who has the

disease, as it is to know the disease which the

patient has” [13].

This patient-centered framework is essential to

understanding the context of the sexual problem, and

at times to answer the question “why now?”.  Ideal-

ly, each of these elements should take place within a

healing doctor-patient relationship, characterized by

empathy, genuineness, respect, caring, mutual trust,

and readiness to accept difference. Patient-centred

medicine is  “two-person medicine”, in contrast to

the traditional doctor-centered approach, which can

be characterized as “one person medicine” [14].  The

patient-centered approach provides an important

complement to the principle of evidence-based

medicine, as described below. 

3. EVIDENCE-BASED ASSESSMENT OF SEXUAL

DYSFUNCTION

Clinical decision-making is guided increasingly by

the results of randomized, clinical trials (RCT’s),

cohort and case-control studies, meta-analysis and

systematic reviews. According to the principles of

evidence-based medicine (EBM), clinicians should

consider evidence from multiple sources in making

a diagnosis and in formulating a treatment plan for

each individual. Although not applicable in every

case, findings from controlled trials and systematic

reviews can inform the decision-making process in

multiple ways. In selecting among available dia-

gnostic and treatment options, both clinicians and

patients should evaluate the potential risks and
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benefits as determined by the weight of clinical evi-

dence. As noted by McGovern:  “Evidence-based

medicine (EBM) has become an established compo-

nent of the way we look after our patients. It has

blossomed into a multidimensional concept that is

evolving to respond better to the needs of patients

and to the health professionals looking after them”

[15]

Evidence-based evaluation implies that patients, as

well as physicians, should be guided in their deci-

sion-making by the findings from controlled

research. EBM should be applied to patient, as well

as physician decision-making. Specifically, each

patient has the right to be fully informed concer-

ning his or her health status, as well as the eviden-

ce-based diagnostic and treatment options that are

available, in order to participate actively in the

decision-making process. Since it is evident that

available treatments and diagnostic approaches for

sexual dysfunction are proliferating, the patient

should be given every opportunity to choose among

available options, and to determine which option fits

best to his/her special needs.  Patients’ needs vary

also in their preference for information and involve-

ment in the decision-making process, and for this

reason the approach should be flexible and indivi-

dualised.  This is ultimately why “communication is

the royal pathway” to both evidence-based and

patient-centered medicine [16].

Strong consideration should be given to the evidence

basis for diagnostic evaluation in each case. Specific

tests or procedures should not be recommended

without controlled clinical data or research eviden-

ce supporting their use. Particularly in the case of

costly or invasive procedures, these should not be

recommended in the absence of supporting eviden-

ce and their applicability to the specific case. Both

physicians and patients should be encouraged to

consider the available scientific evidence prior to

selecting among specific treatment or diagnostic

options.  Accordingly, this chapter considers the cur-

rently available diagnostic approaches for sexual

dysfunction in the context of evidence-based litera-

ture in support of their use. As noted above, EBM

and patient-centered medicine are viewed as highly

complementary and equally applicable in the clini-

cal management of sexual dysfunction. 

Although not usually applied to diagnostic testing, a

recent evidence-based analysis of laboratory hormo-

ne evaluations in ED showed that among 3,500 men

with ED in the U.S. Veterans Administration (VA)

Health Care System, 18.7% had low testosterone,

14.6% had abnormal LH levels, and 4.6% had

increased prolactin levels [17]. The authors argue

that these data strongly support the need for labora-

tory hormone analysis as part of the EBM-based eva-

luation of men with ED. 

4.  A COMMON MANAGEMENT APPROACH IN

MEN AND WOMEN

The evaluation of sexual dysfunction problems in

men and women includes patient-physician dialogue,

history taking (sexual, medical and psychosocial),

focused physical examination, and specific laborato-

ry tests (in most cases). Specialist referral may be

considered at any time that the patient or treating

physician feels is appropriate. Following the initial

evaluation, all patients should be provided with a

detailed review of findings and explanation of the

nature and likely causes of their problem.  If the ini-

tial findings do not preclude direct treatment for the

sexual problem, patients should be informed as to the

available treatment options and the likely benefits

and disadvantages or risks of each option. Patients

should always be encouraged to participate actively

in the decision-making process. 

Available treatment options should be described

based on evidence-based review of the literature and

a shared decision-making process should guide the

development of an individualized management plan.

In cases where initial findings indicate a need for fur-

ther evaluation, referral to a specialist or specialized

testing should be considered. Careful attention

should always be paid to the presence of significant

comorbidities or underlying etiologies (e.g., cardio-

vascular disease, diabetes, depression). These are

described in greater detail below. 

The overall approach for sexual problem manage-

ment in men and women is illustrated diagrammati-

cally in the following schematic.  A detailed descrip-

tion of each of stage in the process will follow 

(Table 1). 

1. DEVELOPMENT OF A BASIC MANAGEMENT

STRATEGY: “ALLOW” 

Initial assessment of a sexual problem should always

include a detailed sexual, medical and psychosocial

history. Since the type and duration of the problem is

II. CLINICAL ASSESSMENT AND

DIAGNOSIS
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not always apparent at the outset, and since indivi-

duals frequently present with one type of dysfunction

(e.g. lack of erection, early ejaculation), but may

have other sexual or interpersonal problems, a detai-

led sexual history should always be obtained. While

brief checklists or questionnaires may be of value

in the recognition and initial evaluation of a sexual

problem (see below), these should not substitute for

a detailed sexual history. The examiner should

always be attentive to both the intra- and inter-perso-

nal aspects of sexual dysfunction. Careful attention

should be paid to both the style and content of the

initial evaluation. Overall, the clinician should stri-

ve to maintain an attitude of comfort and flexibility

throughout the evaluation process. 

Primary care clinicians who identify sexual issues or

complaints during the initial evaluation, but who feel

uncomfortable in exploring the topic further, should

refer such individuals – either to a specialist, if one

is available, or to a colleague with aptitude or inter-

est in managing sexual problems. This flexibility of

response to the patient’s sexual concern or problem

is illustrated by the acronym,  “ALLOW” (See Table

2) The “ALLOW” acronym draws attention to the

need for all clinicians to inquire about sexual activi-

ty, while recognizing the limitations and varied

needs and interests of clinicians in specifically

managing sexual problems. 

The first stage in assessment is represented by the

letter “A” - “asking” the patient about sexual func-

tion and activity. There are many ways to inquire

about sexual problems and typical examples are pro-

vided in Table 3. The second step is represented by

the letter “L” - “legitimizing” the patient’s problem

and acknowledging that sexual dysfunction is a rele-

vant clinical issue.  In contrast, if the patient per-

ceives that his or her sexual problem is being igno-

red or dismissed, this can delay or discourage the

patient from seeking further help.  The third step is

again represented by the letter “L” – “limitations”

the clinician may bring to the evaluation of sexual

problems.  These can include lack of knowledge or

personal discomfort with discussion of sexual mat-

ters. Based on this self-evaluation by the clinician,

the next step is taken and the clinician has done it

“ALL” for the patient. Step 4 involves “Opening up
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the discussion” and the potential referral to a col-

league or sub-specialist to further investigate and

manage the patient’s problem. The final stage in the

process involves dialogue with the patient to identi-

fy an appropriate goal and mutually acceptable

management plan (Figure 2).

2. IDENTIFYING A SEXUAL PROBLEM:  THE

BRIEF SEXUAL SYMPTOM CHECKLIST

(BSSC)

Sexual problem identification should be regarded

as a routine and necessary aspect of medical care.

This principle is applied to all new patient visits,

especially for individuals at risk, such as men or

women above the age of 50, patients with chronic ill-

nesses or medical conditions, following major surge-

ry or hospitalization, during major life changes (e.g,

divorce, childbirth) as well as during return or fol-

low-up visits for these patients. The depth and

extent of sexual inquiry should be individualized,

based on the clinical setting, patient characteristics,

and type of visit. A single question (e.g., “Do you

have questions or concerns about your sexual func-

tioning?”) may be sufficient in some circumstances,

whereas a more detailed sexual history is indicated in

others.  Sexual inquiry is most often conducted by

face-to-face interview with the patient, although

paper-and-pencil questionnaires, or computer-

based methods may be of value. Each of these

methods has distinct advantages and limitations. The

style or manner in which sexual inquiry is conducted

is most important. This should reflect a high level of

sensitivity and regard for each individual’s unique

ethnic, cultural and personal background.  

Symptom scales can provide a valuable resource in

identifying and assessing sexual problems in men

and women. These simple tools have the obvious

benefits of providing validated and cost-efficient

identification of the problem, as well as preliminary

assessment of current and past sexual functioning.

The most commonly used questionnaires are revie-

wed in Part IV of this chapter . To facilitate initial

identification of a sexual problem, a brief screening

checklist has been developed specifically by this

committee.  This brief checklist consists of 4 simple

questions (see below). The brief symptom checklist

is suitable for use in primary care settings and

addresses the patient’s level of satisfaction with

sexual function (the major outcome measure in

sexual health). Additionally, it assesses duration, the

type/s of sexual problems experienced, as well as the

willingness of the person to discuss the problem with

a health care provider. Three of the four questions

are common for men and women, while the fourth

question (type of problem) is specific for men (Table

3). 
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A detailed sexual history should be obtained for all

patients presenting with a sexual problem. In obtai-

ning a history with men or women with sexual pro-

blems, special attention should always be paid to

personal, social or cultural sensitivities. Patients

may or may not be comfortable with direct inquiry

into their sexual function and issues related to sexual

problems. The interview should ideally be conducted

as a face-to-face interaction with a sympathetic exa-

miner.  Attention should be paid to the setting of the

interview, in particular the need for privacy and

confidentiality, and the clinician should make every

effort to ensure patient trust, comfort and openness.

Basic principles for sexual history-taking are sum-

marized below (Table 4).

Sexual history taking should be aimed at ascertaining

the severity, onset and duration of the problem, as

well as presence of concomitant medical or psycho-

social factors. It is necessary to determine whether

the presenting complaint, (e.g. erectile dysfunction,

anorgasmia) is the primary or major sexual problem,

or if some other aspect of the sexual response cycle

(desire, ejaculation, orgasm) is involved. Other

sexual problems may exist as concomitant disorders

(e.g. hypoactive sexual desire), or as secondary to

the primary sexual complaint. The medical and

sexual history are the most essential, and frequent-

ly the most revealing aspects of the assessment pro-

cess. A comprehensive sexual history is essential in

confirming the patient’s diagnosis, as well as in the

evaluation of the patient’s overall sexual function.

Sample topics or questions for inclusion in the sexual

history are illustrated in Table 5 below. These ques-

tions apply specifically to the evaluation of male

arousal, desire and orgasm/ejaculation difficulties. In

principle, these questions may addressed to all men

presenting with sexual difficulties. 
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Table 4.  Basic Principles for Sexual History-Taking

- Allow the patient to feel in control

- Provide explanations for answers

- Help the patient feel less abnormal (destigmatize)

- Provide encouragement and positive support

- Initiate the discussion of sensitive topics

- Defer sensitive questions

- Be aware of patient’s cultural background

- Ensure confidentiality

- Avoid judgmentalism

Table 5.  Sample Topics for Sexual History Taking in Men

AROUSAL / PERFORMANCE

CHRONOLOGY

When was the last time you had a satisfactory erection?

Was the onset of your problem gradual or sudden?

When was your last normal erection?

QUANTIFY

Do you have morning or night time erections?

On a scale of 1 to 10 rate your rigidity during sex?

With sexual stimulation can you initiate an erection?

With sexual stimualtion can you maintain an erection?

QUALIFY

Is your erectile dysfunction partner or situational specific?

Do you lose erection before penetration, or before climax?

Do you have to concentrate to maintain an erection?

Is there a significant bend in your penis?

Do you have pain with erection?

Are there any sexual positions that are difficult for you?

LIBIDO / INTEREST

Do you still look forward to sex?

Do you still enjoy sexual activity?

Do you fantasize about sex?

Do you have sexual dreams?

How easily sexually aroused (turned on) are you?

How strong is your sex drive?

EJACULATION / ORGASM / SATISFACTION

Are you able to ejaculate when you have sex?

Are you able to ejaculate when you masturbate?

If you have a problem with ejaculating, is it:

- You ejaculate before you want to?

- You ejaculate before your partner wants you to?

- You take too long to ejaculate?

- You feel like nothing comes out?

Do you have pain with ejaculation?

Do you see blood in your ejaculation?

Do you have difficulty reaching orgasm?

Is your orgasm satisfying?

What percentage of sexual attempts are satisfactory to your

partner?



3. MEDICAL AND PSYCHOSOCIAL ASSESSMENT

A detailed medical and psychosocial history should

be obtained in all cases of sexual dysfunction. The

goals of medical history-taking are: (i) To evaluate

the potential role of underlying or comorbid medical

conditions. Sexual dysfunction may be symptomatic

of an underlying medical disorder, such as atheros-

clerosis or diabetes. It is also a common presenting

problem of depression in both men and women.

Table 6 below provides a sample checklist of medi-

cal conditions to be assessed in male patients with

sexual dysfunction  (ii) To differentiate between

potential organic and psychogenic causes in the etio-

logy of a patient’s sexual problem.  Table 8 below

illustrates this aspect of the evaluation. (iii) To assess

the use of concomitant medications. Some of these

medications can either cause or contribute to the

patient’s sexual difficulties, and a change in medica-

tion may result in improvement in sexual function.

Additionally, the use of certain medications (e.g.

nitrates, alpha-blockers) may be important

contraindications for the use of specific treatments

(e.g. PDE-5 inhibitors) (Tables 6, 7). 

a) Differentiating Organic and Psychogenic Etiolo-

gies 

The etiology or causal factors for sexual dysfunction

may or may not be apparent from the patient’s histo-

ry alone. Further investigation by means of a physi-

cal examination and selected laboratory testing may

be of value in confirming or disconfirming specific

etiologies or comorbidities.  Potential etiologies for

sexual dysfunction include a wide range of orga-

nic/medical factors (e.g. cardiovascular disease,

hyperlipidemia, diabetes, hypogonadism) and/or

multiple psychological or interpersonal factors (e.g.

anxiety, depression, relationship distress).  Psycho-

social factors are described in greater detail in Chap-

ter 4. It is important to note that, in many cases,

organic and psychogenic factors may coexist, parti-

cularly in individuals or couples with long-standing

or chronic sexual dysfunction. In such cases, clini-

cians should assess the independent and interactive

role of both organic and psychogenic factors, and

these should be reviewed with the patient during the

final stages of assessment. 

Key aspects of the history may be used to identify

the potential role of specific organic and psychoge-

nic causes or etiologies.  Although not always defi-

nitive, a detailed medical and psychosexual history

may provide suggestive evidence for or against the

role of specific organic or psychogenic factors. The

following table provides an overview of specific

aspects of the patient’s history that may be useful in

differentiating organic from psychogenic erectile

dysfunction (ED). It should be emphasized however

that psychogenic and organic etiologies co-exist in

a large number of cases (Table 8).  

b) Psychosocial History

A detailed psychosocial assessment is essential in

every case of sexual dysfunction. Given the inter-

personal context of sexual problems in men and

women, the physician should carefully assess past

and present partner relationships.  Sexual dysfunc-

tion may affect the patient’s self-esteem and coping

ability, as well as his or her social relationships and

occupational performance.  These aspects should be

assessed in each case. The physician should not

assume that every patient is involved in a monoga-

mous, heterosexual relationship. For this reason, it

is advisable to begin the history with a broad ques-

tion, such as: “ Are you sexually active at the

moment”, or “Do you have a regular sex partner?”

and then to ask a follow-up question, such as “Is this

a same-sex or opposite-sex relationship?” The early

stages in the development of a problem are often of

crucial significance to assessment and treatment.

Were there particular times of change in the sexual

relationship?  If so, what events occurred in the

patient’s life at those times?  In addition, questions

should be asked about other relevant aspects of the

patient’s life, including interpersonal relationships,

occupational status, financial security, family life

and social support.  Sample topics for psychosocial

assessment are illustrated in Table 9 below.

c) Physical Examination

The physical examination is an essential compo-

nent of sexual dysfunction evaluation in every case.

In most cases, the physical examination will not

identify the specific etiology or cause of sexual dys-

function, however a focused examination should be

performed on every patient with sexual problems.

The physical examination should include a general

screening for medical risk factors or comorbidities

that are associated with sexual dysfunction, such as

body habitus (secondary sexual characteristics),

assessment of the cardiovascular, neurological and

genital system, with particular focus on the genitalia

and secondary sex characteristics (See Table 10).

The physical examination may corroborate aspects

of the medical history and can sometimes reveal

unsuspected physical findings (e.g. decreased per-

ipheral pulses, vaginal atrophy,  atrophic testes, peni-

le placque) (Table 10).   
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Table 6.  Medical History Checklist

Has a doctor ever diagnosed any of the following 

illnesses ?  [check for yes]

❑ High blood pressure

❑ Heart disease (heart attack, chest pain with exercise or

sex)

❑ Diabetes (high blood sugars)

❑ Hyperlipidemia (elevated cholesterol or triglycerides)

❑ Vascular diseases (stroke, mini-stroke, blockage of arte-

ries, aneurysms)

❑ Emotional problems (depression, anxiety or other psy-

chiatric conditions)

❑ Hormone problems (Testosterone, Thyroid, Steroids)

❑ Kidney disease

❑ Neurological problems (Parkinson’s, Multiple Sclerosis,

spine injury)

❑ Trauma or injury to: penis, pelvis, perineum, testes, or

rectum

❑ Prostate problems (enlargement, BPH, elevated PSA,

infection)

❑ Urinary problems (urgency, frequency, hesitancy, weak

stream, infection)

❑ Sleep apnea (severe snoring, daytime sleepiness)

❑ Chronic fatigue or weakness

❑ Cancer of the bladder, prostate or rectum

❑ Radiation of the bladder, prostate or rectum

❑ Unexplained weight loss

❑ Joint pains (severe or chronic problems moving or chan-

ging positions)

❑ Sexually transmitted diseases

Table 7. Medication Checklist

Are you taking or have you used any of the following medi-

cations, nutritional supplements or drugs in the last three

months? (check for yes)

PRESCRIPTION MEDICATIONS[CHECK FOR YES]

❑ High blood pressure pills, 

❑ Heart pills

❑ You keep nitroglycerin tablets in your pocket or home

❑ Blood thinning pills (Aspirin, Coumadin, Heparin)

❑ Diabetes pills or Insulin

❑ Cholesterol lowering pills

❑ Prostate pills

❑ Hormone pills or injections (Testosterone, Thyroid, Ste-

roids)

❑ Breathing pills or inhalors

❑ Antidepressant pills 

❑ Ulcer treatment or prevention pills

❑ Other………………………………………………………

OVER THE COUNTER [CHECK FOR YES]

❑ Herbs or nutrional supplements for dieting,

❑ Herbs or nutrional supplements for depression, headache

or memory enhancement

❑ Herbs or nutrional supplements for prostate health

❑ Other………………………………………………………

RECREATIONAL DRUGS [CHECK FOR YES]

❑ Smoke cigarettes or cigars

❑ Alcohol

❑ Marijuana

❑ Ecstasy

❑ Heroin

❑ Cocaine

❑ Other……………………………………………………..

Table 8.  Distinguishing Psychogenic from Organic Erectile Dysfunction

Characteristic Organic Psychogenic

Age older younger

Onset gradual  (except trauma or surgery) acute

Circumstances global situational

Symptom Course consistent or progressive intermittent

Morning erection poor rigid

Desire normal decreased

Organic risks present absent, variable

Partner problem secondary at onset

Anxiety and fear secondary primary

Modified from Hengeveld MW: [18] 1991.



In addition to identifying specific etiologies or

comorbidities, the physical examination may provi-

de an  opportunity to inform the patient about

aspects of their sexual anatomy or physiology, as

well as providing reassurance about body appea-

rance and function. However, it should be recogni-

zed that the physical examination can also be a sour-

ce of shame, embarrassment or discomfort for many

patients. Every effort should be made to ensure the

patient’s privacy, confidentiality and personal com-

fort while conducting the physical examination.

The physician should always review the major fin-

dings of the examination and should address any

questions or concerns of the patient regarding their

physical appearance or normality. In some settings,

it may be advisable for the physician to perform the

physical examination in the presence of a nurse or

chaperone.  Specific considerations in conducting

physical examinations in women with sexual dys-

function are presented in greater detail in Chapter 16. 

In some instances, a physical examination may be

desirable, although not strictly essential.  Possible

examples include:  

1) situational problems; 

2) generalized dissatisfaction with sexual activity in

the absence of specific sexual dysfunction; 

3) mood disturbances; or 

4) generalized dysfunction secondary to a change in

socioeconomic status or a recent adverse life event.

In these instances, a detailed history may provide

adequate evidence for the diagnosis and evaluation

of the problem.  However, even in such cases, the

physical examination may uncover occult organic or

physical factors, as well as providing opportunity for

reassurance and education of the patients. It may also

be valuable in assessing the patient’s overall health

status in potentially uncovering the presence of

important comorbidities, such as cardiovascular

disease or diabetes. 

d) Laboratory Testing

Recommended laboratory tests for men and women

with sexual problems typically include fasting glu-

cose, cholesterol, lipids and hormonal profile (See

Table 11).  As with the physical examination, these

tests are performed primarily to identify or confirm

specific etiologies (e.g. hypogonadism), or to assess

the role of potential medical comorbidities or conco-

mitant illnesses (e.g. diabetes, hyperlipidemia).  A

detailed discussion of the role of hormonal assess-

ment and treament of sexual problems in men is
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Table 9: Brief Checklist for Psychosocial and Mood Assess-

ment Please answer the following  7 questions about your

overall mood and well being for the past month

1. During the past month, have you often been bothered

by feeling down, depressed or hopeless?

❏ Yes                   ❏ No

2. Have you been affected negatively by mental or emo-

tional problems in your life, such as stress or anxie-

ty?

❏ Yes                   ❏ No

4. Are you having difficulty or problems in the relation-

ships with your main partner?

❏ Yes                   ❏ No

6. Is your economic situation contributing to significant

stress in your life?

❏ Yes                   ❏ No

7. In the past, have you ever seen a psychiatrist or coun-

selor for help with an emotional or interpersonal pro-

blem?

❏ Yes                   ❏ No

5. Are you having difficulty or problems in relationships

with family members and/or other important people

in your life?

❏ Yes                   ❏ No

Table 10. Key Elements in the Physical Examination for

Male Sexual Dysfunction 

-  Complete genital exam (digital rectal)

-  Secondary sexual characteristics (e.g. gynaecomastia)

-  Body hair, fat distribution

-  BP, heart rate, peripheral pulses, edema

-  Vibratory sensation

-  Lower extremity strength and coordination

3. Have you been affected negatively by emotional or

sexual abuse in your  life?

❏ Yes                   ❏ No



reviewed in Chapter 11. Additional laboratory tests

(e.g., thyroid function) may be performed at the dis-

cretion of the physician, based on the medical his-

tory and clinician’s judgement.

Table 11 below summarizes the required, recommen-

ded and optional aspects of the initial evaluation of

male sexual dysfunction. As is shown, all male

patients presenting with sexual dysfunction should

receive a detailed sexual, medical and psychosocial

history.  A focused physical examination and labora-

tory testing (fasting glucose, lipid profile and testos-

terone assessment) should be performed in every

case.  Specialized and optional aspects of the evalua-

tion are presented in the following sections (Table

11). 

4.  REVIEW OF FINDINGS AND PATIENT-

PARTNER DIALOGUE

Results of the initial evaluation should be reviewed

with the patient and patient’s partner whenever

possible, prior to initiating therapy. This review

should be used as an opportunity to educate patients

on the anatomy and physiology of sexual function,

and to provide appropriate understanding of the

pathophysiology (“what is wrong”). Potentially

modifiable risk factors, such as cigarette smoking or

alcohol abuse, should be addressed at this stage in

the process. The potential role of prescription or

nonprescription drugs, including psychotropic

agents (e.g., SSRIs), cardiovascular drugs or other

iatrogenic causes of sexual dysfunction, should

also be addressed. Patients with specific endocrine

deficiencies, such as hypogonadism, should be pla-

ced on hormone replacement therapy (in the absence

of medical contraindications, such as prostate or

breast cancer) prior to initiation of direct therapies

for sexual dysfunction. A specialist referral is gene-

rally indicated in these cases. Additionally, sexual

problems in the partner such as a lack of lubrication,

hypoactive sexual desire or dyspareunia (painful

intercourse) should be addressed whenever possible.

If psychological issues are evident at this time,

referral should be considered to a suitable sex

therapist or psychiatric professional. Patients and

partners should be fully informed about the range

of treatment options available and the risks and

benefits associated with each should be addres-

sed.  

5.  SPECIALIST CONSULTATION AND REFERRAL

With the advent of effective oral treatment for ED,

primary care practitioners currently manage the

majority of cases of male sexual dysfunction. This is
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Table 11. Key Elements in the Diagnostic Evaluation of Male Sexual Dysfunction



largely true for women also, although the number of

women seeking help from mental health or gyneco-

logically-trained practitioners varies from one region

or country to another. Only in a minority of patients,

is referral for specialized consultation or testing

absolutely necessary. However, either the patient or

physician may wish to obtain further diagnostic eva-

luation for several reasons.  Major reasons for selec-

ting this option are summarized in the following

table. As shown, further diagnostic evaluation may

be conducted at the patient’s request, in cases of

lifelong or primary sexual dysfunction, in the pre-

sence of specific anatomic or endocrine factors, or

in cases of complicated psychiatric or interpersonal

problems. Additionally, specialized diagnostic

assessment may be indicated following failure of ini-

tial therapy.  

When referring patients for specialized testing or

consultation, patients should be fully informed of the

reasons for the referral and the possible implications

for treatment discussed. In accordance with the

principles of patient-centered medicine, patients

(and partners where possible) should be included in

the decision-making process regarding the need for

specialized or additional diagnostic evaluation.

Patients should be fully informed of the cost and

potential risks of these procedures, as well as poten-

tial benefits and evidence-base in support of their

use (Table 12). 

A broad array of specialized diagnostic tests and pro-

cedures are available, particularly for assessing ED.

These tests may be used to separate organically-

based from purely psychogenic cases (e.g. nocturnal

penile tumescence and rigidity testing), or to tailor

specific vascular surgery in patients with arterial

disease or veno-occlusive dysfunction.  In the majo-

rity of patients, however, the specialized diagnostic

evaluation has little impact on the selection of thera-

peutic options.  Diagnostic categorization is particu-

larly indicated for those patients in whom a rever-

sible form of ED is suspected (e.g. hypogonadism,

couple’s conflict). Further details regarding the vas-

cular and neurologic assessment of ED are provided

below.

6. SHARED DECISION-MAKING AND

TREATMENT PLANNING

Following completion of the initial diagnostic eva-

luation, patients (and partners where possible),

should be given a detailed description of the avai-

lable treatment options. These should include both

medical and non-medical options, whenever indica-

ted. Although certain options (e.g. PDE5 inhibi-

tors) may be preferred by the majority of men with

ED, all patients should be informed about the avai-

lability of other treatment options, such as vacuum

erection devices, intra-urethral suppositories or

intracorporal injections, and psychological treat-

ment options. Similarly, patients should be informed

about availability of treatment options for other male

or female dysfunctions. This is in accordance with

an essential principle of patient-centered medicine;

viz., shared decision-making. Some patients may

prefer “watchful waiting” or further consideration

prior to selection of a specific treatment option.

Additionally, some patients may wish to consult with

their partner or other health-care provider before

selecting a specific management approach. In each

case, these options should be respected and encoura-

ged, if appropriate. It is important for the clinician

not to assume an authoritarian or patriarchal role

in the selection (or rejection) of specific treatment

options. Instead, the clinician should aim to educate

the patient as fully as possible, making full use of

evidence-based literature and guidelines wherever

possible, regarding the risks and benefits of each

treatment. The clinician should also provide a sup-

portive and empathic environment for shared deci-

sion-making. 
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Table 12.  Indications for Specialized Referral and/or Dia-

gnostic Evaluation

• Patient request

• Treatment failure

• Primary ED (poorly sustained erections, life-long)

• Anatomic penile deformities

- Peyronie’s Disease

- Congenital: hypospadius, chordee

- Trauma

- Phimosis

- Short penis, buried penis

• Pelvic/ perineal trauma

• Endocrinopathy

• Psychiatric or Psychosexual disorder

• Relationship problems

• Complex vascular problems

• Complex neurologic problems



7. DEVELOPING A FOLLOW-UP STRATEGY:

“FAST” 

A key issue in the management of sexual dysfunction

is the need to address psychosocial components and

the specific relationship and cultural aspects of the

problem.  A partner’s reluctance to provide support

or unrealistic expectations may negatively influence

the response to treatment. Any treatment is associa-

ted with a certain level of expectation of success; it

is, therefore, essential to educate both patients and-

partners on optimizing treatment success with a spe-

cific type of treatment before seeking alternative

management options. Regardless of the treatment

option chosen, follow-up is essential to ensure the

best treatment outcome. Monitoring of adverse

events, assessing satisfaction or outcome associated

with a given treatment, determining whether the

partner may also suffer from a sexual dysfunction,

and assessing overall health and psychosocial func-

tion, are important aspects of follow-up.  Considera-

tion should also be given to whether an alteration in

dose or treatment might be of value. Referral for spe-

cialist care with a urologist, gynecologist, endocrino-

logist, psychosocial therapist, or other appropriate

specialist are important considerations in the follow

up visit, especially in difficult-to-treat populations,

such as post radical prostatectomy ED.

In patients who do not respond to so-called first line

treatments (e.g. oral therapy), second-line and third-

line treatment options should always be considered,

since most of these treatments have demonstrated

reasonable response and satisfaction rates in control-

led studies (See Chapters 13, 14). Diagnosis and

treatment of sexual dysfunction however, should

not be delayed or postponed if patients desire imme-

diate treatment. A variety of first-line treatment

options are currently available for most forms of

sexual dysfunction. Treatment should be efficient

and comprehensive whenever possible.  Follow-up

is the last essential element in ensuring adequate

management of common sexual problems. 

The following “FAST” acronym is a useful reminder

of the key aspects of follow-up for sexual dysfunc-

tion generally  (Table 13).

The following section offers detailed guidelines for

the clinical evaluation of erectile dysfunction (ED).

Further guidelines for clinical evaluation of male

orgasmic disorders, including early or delayed ejacu-

lation, retrograde ejaculation and male anorgasmia,

are presented in Chapter 8.  Evaluation of hypoacti-

ve sexual desire disorder (HSDD) is provided in

Chapter 2 (Psychological aspects) and Chapter 11

(Endocrine aspects).  Guidelines for evaluation of

Priapism and La Peyronie’s disease are presented in

Chapter 7.  Finally, the summary chapter (Chapter

15) offers an overview and specific algorithms for

diagnosis and clinical evaluation of each aspect of

male sexual dysfunction. Overall, it should be noted

that psychological and physiological processes

interact in complex ways in many disease states.

Erectile dysfunction is no exception to this general

principle, rather it is a primary example of this phe-

nomenon.  

The goal of specialized evaluation is to define the

cause of ED. Generally in medicine a specific dia-

gnosis is needed to formulate a treatment plan; in

most cases of sexual dysfunction in men this can be

III.  SPECIALIZED EVALUATION OF

MALE ERECTILE DYSFUNCTION
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Table 13. The “FAST” Guideline for Follow-Up

• FOLLOW-UP OF PATIENTS. 

Sexual dysfunction should be managed in a similar way to

other chronic medical or psychological conditions. Follow-up

visits are essential to improve physician-patient communica-

tion, to address treatment issues or problems that may have

occurred (e.g., treatment administration, efficacy, adverse

effects, partner’s acceptance), to identify changes in sexual

funcion status or new medical conditions, and to offer conti-

nuing education and support to patients and their partners.

• ADJUSTMENT OF DOSING. 

Careful attention to prescribing instructions is necessary.

Also, in patients who have more gradual or limited treatment

response, such as those who are re-establishing sexual inti-

macy after a period of abstinence, repeated attempts or

dosing may be necessary.

• SEXUAL STIMULATION. 

Currently available medical treatment, such as PDE5 inhibi-

tors, enhances the physiologic response; therefore, sexual sti-

mulation is essential and needs to be given at appropriate

times following dosing. It may be also necessary to consider

educating the patient and partners on suitable methods of sti-

mulation.

• TITRATING TO THE MAXIMUM TOLERATED DOSE. 

Titrating to the maximum tolerated dose is essential to achie-

ving optimal efficacy and maximizing response rates to phar-

macotherapy.

(Source: DG Hatzichristou: [19])



done without extensive testing.  On the other hand in

the absence of diagnostic testing, efficacy and satis-

faction with treatment become a matter of chance.

Generally accepted indications for specialized vas-

cular evaluation are: failure of initial treatment,

Peyronie’s disease, primary ED, history of

pelvic/perineal trauma, cases requiring vascular or

neurosurgical intervention, complicated endocri-

nopathy, complicated psychiatric disorder, complex

relationship problems and medico-legal concerns.

Furthermore, penile testing may be important for cli-

nical science especially in groups of patients with

chronic disease states. [20]  The following table sum-

marizes the most frequently employed, evidence-

based procedures for diagnostic evaluation of ED

(Table 14).

1.  VASCULAR EVALUATION

Recent studies strongly support the role of vascular

pathophysiology in the majority of cases of ED (See

Chapter 10). Specialized vascular testing is thus

aimed at identifying and quantifying arterial and

veno-occlusive erectile function. In practice, vascu-

lar ED is sub-classified as: arterial, veno-occlusive,

or mixed vascular insufficiency.  The primary etio-

logies of arteriogenic ED are atherosclerotic vascular

disease and traumatic, arterial occlusion (following

pelvic or perineal trauma) (Table 15).  

The quality of penile inflow has been directly rela-

ted to common vascular comorbidities, including

age, diabetes mellitus, hypertension, atherosclerotic

coronary / peripheral vascular disease, hyperlipide-

mia and cigarette smoking. Veno-occlusion is simi-

larly a hydraulic phenomenon regulating intrapenile

pressure changes by penile outflow. The quality of

veno-occlusion depends on the tone of cavernous

smooth muscle. Clinically, imaging and quantifying

veno-occlusion is more difficult than documenting

penile arterial inflow.  Regulation of cavernous

smooth muscle tone is similarly complex. Specific

clinical risk factors for veno-occlusive ED have not

yet been identified.  The forces at play include: neu-

ropharmacologically mediated adrenergic tone,

smooth muscle versus extracellular matrix composi-

tion, molecular mediators of contraction, and quality

of cell to cell communication. These mechanisms are

described in detail in Chapter 10.

Vascular evaluation is aimed at diagnosis of two spe-

cific aspects: arterial and veno-occlusive dysfunc-

tion. At least a decade of experience is available with

several tests: ICI pharmacotesting, PBFS, DICC,

selective penile angiography.[21]  Recently, Burnett
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Table 15. Indications For Specialized Vascular Testing

• To select patients for penile vascular surgery

• To establish the proper dose of drug for intra- cavernous

injection therapy

• To allow the patient to experience the degree of rigidity

he may achieve after a maximal pharmacological stimu-

lus

• For scientific and clinical reasons to define the cause of

ED in groups of patients with a chronic disease, such as

diabetes mellitus or renal failure

• For medicolegal reasons.

Table 14. Summary of Evidence-based Tests for Organic

ED

TEST LEVEL OF

EVIDENCE

Vascular

• DICC 2B

(dynamic infusion cavernosometry and 

cavernosography)

• ICI (intracavernous injection 2B

pharmacotesting)

• Penile Blood Flow Study (PBFS) 2B

ICI and Color Duplex Doppler 

Penile Ultrasound

• Arteriography 2C

• CT Angiography 4D

• MRI 4D

• Infrared Spectrophotometry 4D

• Radioisotope Penography 5D

AVSS: audio-visual sexual stimulation

• Independent or jointly with vascular 

testing 3C

• With or without: pharmacologic 

stimulation (oral, ICI) 3C

Neurologic 

• NPTR (nocturnal penile tumescence 

and rigidity) 2B

• Erectiometer/ Rigidometer 4D

• Biothesiometry (vibratory thresholds) 3C

• Dorsal Nerve Conduction Velocity 3C

• Bulbocavernousus Reflex Latency 2B

• Plethysmography/ Electrobioimpedence 4D

• CC-EMG (corpus cavernosum 

electromyography) 3C

• MRI or PET scanning of brain

(during AVSS) 5D



et al  described the use of a  specialized near infrared

spectrophotometry instrument for continuous moni-

toring of the hemodynamics of erection.  Near infra-

red spectrophotometry is a safe, biomedical optics

technique that provides quantitative measurements

of the vascular physiology of penile erection. [22]

An intracavernous injection pharmacotest (ICI) is

easily performed. This is the most commonly used

in-office diagnostic. In most cases it is performed

without monitoring equipment.  Comparison to

other hemodynamic tests suggests a normal ICI

pharmacotest is associated with normal veno-

occlusion (flow to maintain rigidity values of 0.5-

3mL/min).  Pharmacotesting may be normal (false

negative) in as many as 20% of patients with border-

line arterial inflow (when nl is defined as > 35

cm/sec peak systolic flow on Doppler and borderline

defined as 25-35 cm/sec).  False positives occur most

commonly because of patient anxiety and or inade-

quate pharmacologic stimulation. [23] Many vasoac-

tive agents have been described for pharmacotesting,

most commonly used is PGE1 at a dosage from 10-

20 mcg for initial injection.  Aversa et al concluded

that a pharmacotest alone is a misleading diagnostic

test to exclude vascular ED and that pharmacotesting

with color duplex Doppler ultrasound (PBFS) should

be offered to patients investigated for male ED. [24]

In many cases the response to pharmacotesting is

suboptimal, leaving the physician  questioning:

‘Does my patient have venous leakage,  arterial

insufficiency, high anxiety or was the pharmacologi-

cal challenge insufficient?  Should visual erotic and

/ or vibratory challenge be added?’ (Table 16)

When diagnostic vascular evaluation is indicated, the

penile blood flow study, which typically employs

intracavernous injection and assessment by color

duplex Doppler ultrasound, is the most informative

and least invasive means of evaluating vasculogenic

ED. This testing may be all that is needed to define

and determine severity.  Pharmacotesting with

duplex Doppler (PBFS) should be employed before

more invasive testing is considered.  PBFS provides

an objective, minimally invasive evaluation of peni-

le hemodynamics [25].  PBFS is the least invasive

technology for evaluating vascular ED, distinguising

high-flow from low-flow priapism and identifying

Peyronie’s plaques.  Recently, the combination of

oral sildenafil citrate in association with visual erotic

stimulation with virtual glasses has been shown to be

an effective non-invasive pharmacological induction

method for the purpose of PBFS evaluation.  [26, 27,

28]

The parameters used to infer the integrity of the peni-

le inflow tract are: cavernous arterial diameters, peak

systolic arterial velocity (PSV is the maximum of the

systolic waveform), end diastolic arterial velocity

(EDV), systolic rise time (measured in ms from the

start of systole to maximum value), cavernous artery

acceleration time (AT is PSV divided by systolic rise

time), and index of vascular resistance (RI is PSV

minus EDV divided by PSV).  PSV< 25 cm/sec fol-

lowing ICI and sexual stimulation has a 100% sensi-

tivity and 95% specificity in selecting patients with

abnormal penile arteriography.  PSV < 25 cm/sec

reflects severe cavernous arterial insufficiency.

Whereas, a PSV> 35 cm/sec consistently is associa-

ted with normal arteriography and defines normal

cavernous arterial inflow. There is a negative rela-

tionship between age and PSV [29] Recently Speel

et al [30] showed that AT has more power than PSV

to diagnose atherosclerotic ED. PBFS is accurate in

the assessment of venogenic erectile dysfunction. It

should be performed before cavernosometry and a

cavernosogram (Table 17). 

Cavernosometry and cavernosography should only

be performed in cases when PBFS suggests venous

impotence, and when surgery is contemplated [31]
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Table 16. Penile Pharmacotesting Evaluation

METHOD

• Intracavernous penile injection of a vasoactive agent

• Visual rating of erection

- Compared to best home erection

- Inadequate, Adequate, Unbending rigidity

ADVANTAGES

• Simple

• Minimally Invasive

• Office Test

• A positive response in a neurologically intact patient

implies psychogenic impotence.

• A normal injection test indicates normal veno-occlusion.

DISADVANTAGES

• Despite pharmacologic erection, there may be borderline

arterial function.

• Anxiety in testing situations may prevent duplicating best

home erection.

• Pharmacologic re-dosing or Doppler ultrasonography

may be needed.

• Prolonged erections



Doppler parameters to assess veno-oclussive func-

tion are: EDV and RI.  After being used at one time

as a routine test in almost every patient with ED,

DICC  is now reserved for  the rare patient who

might have a site-specific venous leak, history of

penile fracture, perineal / pelvic trauma history

(Table 18). 

Dynamic Infusion Cavernosometry and Caverno-

sography (DICC) is an invasive evaluation of erec-

tion hemodynamics, requiring a needle in each cor-

poral body – one infusing – one recording. DICC is

reserved for young men who might be candidates for

penile vascular operations, specifically those with a

history of pelvic trauma or life-long ED (primary

ED). Testing protocols require complete smooth

muscle relaxation; higher intracavernous dosing and

often re-dosing compared to penile Doppler (PBFS).

Recently, Kayigil et al postulated that the percent

decrease in the amplitudes of the electrical activity of

corpus cavernosum as assessed with ccEMG may be

utilized as a measure of the degree of relaxation of

the cavernous smooth muscle. [32]  Mulhall et al

described a simple mathematical model to determine

the area of leak during erection. [33]

Selective internal pudendal angiography is primarily

reserved for imaging and subsequent embolization of

arterio-cavernous fistula causing high-flow priapism.

[34, 35] Additionally, penile angiography is indica-

ted in those few cases of  young men with ED who

have a history of pelvic / perineal trauma and who

may be candidates for operative revascularization.

[36] (Table 19)

Penile magnetic resonance imaging (MRI) is a new

diagnostic technique with significant opportunities

for application in the field of penile pathologies. It

allows a better definition of anatomical details and

penile micro-circulation. [37] The signal intensity

depends on the rate of blood flow within the caver-

nous spaces. MR imaging is expensive and time

consuming; it may be used to detect and stage arte-

riogenic ED, identify penile fractures, evaluates
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Table 19. Penile Doppler Ultrasound Assessment 

• Parameters:  Peak Systolic blood flow Velocity  (PSV) and

Acceleration Time.

• PSV < 25cm/s  and/or  an acceleration time > 122ms are

indicative for severe penile arterial  insufficiency.

• PSV > 25 cn.sec byt < 30 cm/s suggests mild  arterial

insufficiency

• To assess the penile inflow tract, the blood flow velocities

should be measured between 1 and 10  minutes following

pharmacostimulation

• Cavernous blood flow velocities decrease with  age.  A

functional venoocclusive mechanism may compensate for

decreased inflow across a wide  range of velocities

Table 17.  Penile Doppler Flow Studies

ADVANTAGES

• Minimally invasive

• Pairs two methods: intracavernous pharmacotesting (ICI)

and Doppler sonography.

• Power Doppler visualizes small vessel anatomy

• If results are normal, further vascular investigations are

not needed

PRIMARY INDICATION TO QUALIFY AND QUANTIFY SEVERITY

OF ED

• Organic vs. Psychogenic

- Arterial insufficiency

-  Venous insufficiency

- Mixed vascular disease

ADDITIONAL INDICATIONS

• Trauma

• High flow Priapism

• Drug therapy fialures

• Peyronie’s Disease

INDUCING ERECTIONS

• Intracavernous pharmacotesting

• PDE-5 Inhibitor testing

• Visual Sexual Stimulation (VSS) testing

PLANNING SURGERY

• Peyronie’s

• Microvascular arterial bypass

• Venous ligations

• Arterial embolization

Table 18. Indications For Dynamic Infusion Cavernoso-

metry and Cavernosography (DICC)

Test is indicated for patients who are suspected to have a site-

specific vasculogenic leak and for whom vascular surgery is

considered a treatment option:

• Congenital

• Peyronie's disease with poor rigidity

• History of penile fracture Perineal / pelvic trauma history



penile prostheses, and identify plaques of Peyronie

disease (calcification is indistinguishable from

thickening). [38]

Functional magnetic resonance imaging (MRI and

PET scanning) may be used to assess brain centers

involved in different phases of the sexual response

cycle; simultaneous audio-visual sexual stimulation

(AVSS) is required. [39] Radioisotopic penography

assesses the rate of washout of a radioisotope from

the penis following pharmacotesting or visual erotic

stimulation. This test remains experimental. [40]

2. PSYCHOPHYSIOLOGICAL EVALUATION

NPT or sleep-related erection is a recurring cycle of

erections associated with rapid eye movement

(REM) during sleep. Spinal regulation is critical for

nocturnal erectile activity, and the isolated thoracic

cord is less effective than the isolated cervical cord

in maintaining NPT. The main advantage of NPT

testing is that it is relatively free from psychologi-

cally mediated effects. Traditionally NPT has been

useful in distinguishing psychological from organic

cases. NPT quality appears to correlate well with

corporeal smooth muscle content. [41,42,43] The

documented presence of a full erection indicates that

the neurovascular axis is functionally intact and that

the cause of the ED is most likely psychogenic.

Disadvantages of NPT evaluation are that it is age-

dependent and costly, as it is ideally done in a spe-

cially equipped sleep center using a Rigiscan®

(NPTR). Circumferential changes measured by the

Rigiscan® correlate well to penile rigidity measured

by Erectiometer®. [44,45]

At present, NPTR evaluation is rarely used; it has

reported utility in cases of  pelvic surgery, to quanti-

fy the erectogenic effect of oral agents, transdermal

DHT and the antierectogenic effect of environmental

agents [46,47,48,49,50,51,52,53,54,55,56] A full

erectile response to audio-visual sexual stimulation

(AVSS) without vasoactive  drugs makes a psycho-

genic cause of ED likely. [57] Unlike NPTR, res-

ponses to AVSS, are susceptible to psychological

factors, and inhibitions.  AVSS may be normal in

states  of endocrine  abnormality.[58] Moreover, the

response to AVSS is negatively correlated with age,

limiting its value in older man. To date, the most

important application of AVSS is to investigate the

erectogenic or antierectogenic effect of pharmacolo-

gical agents in clinical pharmacology studies.

3.  NEUROLOGICAL EVALUATION

Neurological testing is only recommended in speci-

fic research protocols or medico-legal investiga-

tions, including cases of trauma or surgical com-

plications. [59, 60] Based on the available evidence,

these tests lack adequate sensitivity and reliability

for routine clinical diagnosis.

Penile erection is elicited by two different neurophy-

siolocal mechanisms and mediated by somatic and

autonomic pathways. Psychogenic erections are ini-

tiated in supraspinal centres in response to auditory,

visual, olfactory, and imaginative stimuli. Reflexo-

genic erections, are elicited by tactile stimulation at

the genital level; they are mediated by a spinal reflex

arc consisting of afferent somatic and efferent para-

sympathetic nerve fibres [61] The ideal neurophysio-

logical assessment would objectively and quantitati-

vely evaluate all parts of this neurological network;

no one test alone achieves this [62] 

In the last two decades, a series of tests have been

developed, each of which evaluates a specific com-

ponent of the neural network. As with all ED dia-

gnostics the medical history and physical examina-

tion provide the basis for these tests. [63,64] Tests

can be classified as those detecting somatic efferent

(motor) pathways, afferent (sensory) pathways,

reflexes and autonomic responses. The somatic

nerves are evaluated by testing nerve conduction

velocities and evoked potentials. These tests have

well-known reproducibility and validity. Autonomic

function tests are less reliable, because they simul-

taneously measure a chain of events or reactions

involving receptors, small fibers, and target organs.

Confounding factors such as medication, caffeine,

temperature, hypo- and hypervolemia, mood state,

and receptor or target organ dysfunction may

influence each individual component. Additionally,

the complex interaction between central and per-

ipheral sympathetic and parasympathetic nerve sys-

tems, as in the pelvic plexus, makes autonomic tes-

ting difficult. Moreover, efferent autonomic function

tests involve the evaluation of vasomotor and sudo-

motor fibres and target organs, which may not be

equally affected by neuropathy. Toxic metabolic

events especially cause length-dependent neuropa-

thy, because long fibres are more prone to metabolic

damage than short fibres.  Finally, current autonomic

tests are not well standardised, and lack reproducibi-

lity, validity and comparability. Thus, autonomic tes-

ting is difficult and must be tailored to the specific

small fibres or target organ to be tested, with elimi-

nation or standardisation of confounding factors.  If

these conditions are fulfilled, a normal test  result

will rule  out  neuropathy (Table 20).
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A well known and widely-used test is the bulboca-

vernosus EMG, which is used to identify damage to

the sacral motor roots and the pudendal efferents.

It samples large myelinated fibres. It is relevant in

ED associated with lesions to the low back, with

nerve root damage. Clinical indications are lumbar

disc disorders, pelvic anatomical lesions, pelvic  sur-

gery. [65] Dorsal nerve conduction velocity is a test

for the large myelinated dorsal penile sensory fibres,

which can be valuable in the evaluation of neuropa-

thy, for example in patients with  diabetes mellitus.

Sensitivity and specificity of this test have not been

established yet. [66,67]

Latencies of SEPs are a measure for the conduction

velocity along the sensory pathways from the genital

region to the sensory cerebral cortex.[ [68] Thermal

threshold measurements yield data on the conductan-

ce of small sensory nerve fibres and therefore may

reflect indirectly the function of the penile efferent

(motoric) nerve fibres. The rationale for performing

this test is that evidence of impaired thermal sensa-

tion might suggest similar impairment of the autono-

mic motoric innervation of the cavernous body.

Thermal thresholds assess small nerve fiber damage,

which can indirectly reflect autonomic disturbances,

particularly in the context of a diffuse neuropathy

such as diabetic polyneuropathy. Penile thermal

sensory testing is correlated strongly with the clini-

cal evaluation of erectile function and is a new and

promising tool for the diagnosis of neurogenic

impotence. [69, 70] Cardiovascular reflex tests

assess variations in heart rate and blood pressure in

response to various stimuli such as forced breathing,

standing up or tilting, Valsalva’s manoeuvre, sustai-

ned isometric handgrip, mental arrhythmic task, or

cold pressure. Heart rate variations reflect parasym-

pathetic function, while blood pressure variations

reflect sympathetic function. Loss of variation is

indicative for autonomic neuropathy, presuming

absence of confounding factors such as cardiac

arrhythmia, nicotine, or caffeine use before testing,

medication (especially antihypertensives), hypo, or

hypervolemia, and dysfunction of baroreceptors or

target organs. [71]

CcEMG  is a relatively new technique, in which

needle or surface electrodes record the electrical

activity of the CC. [72] Basic questions regarding the

signal recorded, and how to interpret it, are still unre-

solved. Thus, despite some clinical use, this test

must be regarded as experimental [73,74] Sympa-

thetic skin response measures a sudomotor related

potential, which is evoked in response to sympathe-

tic activation  The potential can be recorded from the

penis, assessing the sympathetic innervation of this

organ. However, basic questions regarding the tech-

nique are still unresolved, and its clinical useful-

ness is limited. [75]

4.  HORMONAL EVALUATION

Abbreviations= FSH  = follicle-stimulating hormo-

ne; GnRH = gonadotropin-releasing hormone; LH =

LH; T = testosterone, PRL= prolactin, TSH (thyroid

stimulating hormone).

Sex hormones and their specific role in male sexual

dysfunction are described in detail in Chapter 11.

Historically, hypogonadism was thought to be a rare

cause of ED. However, recent data support a signi-

ficant prevalence of hypogonadism as men age and

further define the role for hypogonadism as a co-

morbidity in male sexual dysfunction. There is now

recognition of the interrelationship between hypogo-

nadism, depression and ED, underscoring the impor-

tance of the endocrine evaluation as an important

component in evaluating male sexual dysfunction.

The majority of endocrinopathy in male sexual dys-

function centers around testosterone (T).

The decrease or absence of hormonal secretion

from the gonads in males, is traditionally and cor-

rectly referred to as hypogonadism. More contem-

porary designations attempt to acknowledge ageing

as the primary etiology of declining androgens:
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Table 20.  Neurophysiological Testing

MOTOR

• Bulbocavernosus EMG

• Magnetic stimulation

• Reflex latency testing

SENSORY

• Nerve conduction velocity

• Evoked potentials

• Biothesiometry

• Thermal threshold testing

• Reflex latency testing

AUTONOMIC

• Cardiovascular reflex tests

• CcEMG

• Sympathetic skin response



androgen deficiency of the ageing male (ADAM),

partial androgen deficiency of the ageing male

(PADAM), hypo-androgenism, and andropause.  

Testosterone (T) plays an essential role in normal

male development as well in as the maintenance of

many male characteristics, including muscle mass

and strength, bone density, libido, potency, and sper-

matogenesis. Androgen deficiency (hypoandroge-

nism, hypogonadism) results from testicular disor-

ders that directly reduce T production from the testis

or from hypothalamic-pituitary disorders that reduce

pituitary luteinizing hormone (LH) secretion, which

is the primary signal for T production by the intersti-

tial (Leydig) cells of the testes.  

Testosterone is converted within target cells by 5-

alpha reductase to dihydrotestosterone (DHT).  DHT

binds to androgen nuclear receptors and is primarily

responsible for androgen effects on the prostate,

seminal vesicles, external genitalia and scalp (male

pattern baldness).  The adrenal cortex is the seconda-

ry source of steroid hormones in males.  Dihydroe-

piandrostenedione (DHEA) and DHEAS are secre-

ted by the zona reticularis.  DHEA/DHEAS are weak

steroid hormones but are converted to testosterone,

androstenedione and estradiol in target tissues.

a) Normal Testosterone Metabolism

Testosterone secretion by Leydig cells of the testes is

regulated by a negative feedback loop involving

gonadotropin-releasing hormone (GnRH) and LH.

Testosterone is normally produced in men at a rate of

about 4 – 8 mg/day (~0.24 mol/day), occurring in a

pulsatile manner. [76,77,78,79] The diurnal pattern

has a peak level in the early morning and a nadir in

the evening.  Testosterone can be converted to dihy-

drotestosterone (DHT) within androgen target cells

(skin, liver, prostate, and other organs) that contain

the enzyme 5-alpha-reductase. [80] Testosterone is

also metabolized to estradiol (E2) by the aromatase

enzyme complex in brain, fat, liver, and the testes.

[80]  In typical healthy males, the ratios of the resul-

ting serum levels of DHT and E2 to the total T level

are approximately 1:10 and 1:200, respectively.  

In normal males, 2% of T is unbound (free T) and

30% is bound to sex-hormone-binding globulin

(SHBG).2, 4, 6, 7 [77,79,81,82] The remainder is

bound with lower affinity to albumin and other

serum proteins.  Free T and albumin-bound portions

make up the bioavailable T fraction.  The relative

concentrations of these carrier proteins (SHBG and

albumin) modulate androgen function.  The synthe-

sis of SHBG by the liver is down-regulated by andro-

gens and up-regulated by estrogens.  Sex-hormone-

binding globulin has a higher affinity for T than for

E2, and changes in SHBG concentration change or

amplify the hormonal milieu.  Elevated estrogens,

thyroid hormone, and ageing each variably increase

serum SHBG levels and decrease to some extent bio-

available T.  On the other hand, exogenous andro-

gens, growth hormone, and obesity depress SHBG

levels and increase the free T levels.  

b) Mechanisms of Androgen Action

Androgens and estrogens, like other steroid hor-

mones, initiate their effect at the cellular level by

interacting with high-affinity receptor proteins loca-

ted within target cells.  Androgen receptors are pre-

sent in the highest concentration in androgen target

tissues such as the accessory organs of male repro-

duction [83] Testosterone acts in cells directly

through androgen receptor mediated interactions and

indirectly through the metabolism of T to either E2

or DHT. Dihydrotestosterone acts principally

through the androgen receptor and primarily on the

prostate; E2 acts directly on the estrogen receptor.

The role of other T metabolites is not well defined.

c) Types of Hypogonadism

Hypogonadism may occur if the hypothalamic-pitui-

tary-gonadal (HPG) axis is interrupted at any level.

Hypergonadotropic hypogonadism (primary hypo-

gonadism) results if the gonad does not produce the

amount of testosterone sufficient to suppress secre-

tion of LH and follicle-stimulating hormone (FSH) at

normal levels. Hypogonadotropic hypogonadism

(secondary hypogonadism) may result from failure

of the hypothalamic LH releasing hormone (LHRH)

pulse generator or from inability of the pituitary to

respond with secretion of LH and FSH.  Most com-

monly, hypogonadotropic hypogonadism is observed

as one aspect of multiple pituitary hormone deficien-

cies resulting from malformations (e.g., septo-optic

dysplasia or other midline defects) or lesions of the

pituitary that are acquired post-natal.  

d) Age-Related Declines in Serum Testosterone

Although wide inter-individual variations exist,

mean total and free T levels decline with age, whe-

reas DHT and E2 levels tend to remain relatively

constant.  At 75 years, mean total T level in the mor-

ning is about two thirds of the mean level at age

20 – 30 years, whereas the mean free T and bioacti-

ve T (free T plus albumin bound T) levels are only

40% of the mean levels in younger males. [84] Fur-

thermore, the circadian rhythm of serum T levels is

generally lost or blunted in elderly men. [85]]
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Numerous cross-sectional and longitudinal studies

have confirmed the age-related decrease in serum T

concentration. [86-94] The Baltimore Longitudinal

Study on Ageing,    [92] which found that there were

invariant, longitudinal effects of age on both T and

the free T index is noteworthy.  Based on measure-

ments of total T, incidence of hypogonadal T levels

increase to about 20% in men over 60, 30% in men

over 70, and 50% in men over 80 years of age.  In

these men and certainly in any patient who presents

with a complaint of decreased libido whether young

or old, the specialist should be aware of drugs which

can adversely alter androgen levels and, or bioavai-

lability (Table 21).

e) Effects of Testosterone Deficiency on Male

Sexual Function

Sexual interest and activity and erectile rigidity and

duration decline in men as they age.  Erectile dys-

function (ED) is seen with an age-stratified inciden-

ce of 1.9% at 40 years and 25% or greater by age 65.

[95] The reported incidence of endocrinopathy as the

etiology of erectile dysfunction is 1% to 35%.  [96]

Interestingly, the prevalence of abnormally low

serum T levels, even among men with ED, has histo-

rically been reported to be low (<10%).  The majo-

rity of studies show that ED has a clear association

with ageing, but no consistent correlation of total T

with erectile function has been identified. [97-101]

The role T plays in penile erection is unclear, and so

far appears to be different from the effects in animal

models. The physiology of erection depends on the

integrity of corporal smooth muscle.  In a variety of

experimental conditions, orchiectomy has been asso-

ciated with decreased smooth muscle content and

increased interstitial/collagen in the penis.  At the

cellular level, the absence of T reduces nitric oxide

synthase production.  Recent clinical recommenda-

tions have been made regarding assessment of T

levels in patients who fail PDE-5 inhibitor therapy.

Though no direct link has been made to muscular

atrophy or penile neurologic control in men, it may

be that T not only effects sex behavior, but also subt-

ly changes a number of physiologic parameters

directly regulating erection.  [102]

Recent studies with topical gel replacement T thera-

py have suggested that T has a role in sexual desire,

frequency of nocturnal erections, frequency of inter-

course, erection fullness and erection satisfaction

[103,104]. The Steidle study, a placebo–controlled

study of 406 men demonstrated a clear benefit with

T replacement therapy (Testim topical gel) in hypo-

gonadal men, at both 30 and 90 days, in the domains

of sexual desire and nocturnal erections, with a subt-

ler benefit on frequency of sexual intercourse. The

Wang data set, also using a topical gel for T replace-

ment, evaluated 227 hypogonadal men over 180

days. This non-placebo controlled study demonstra-

ted a benefit in the domains of sexual motivation and

sexual desire, with a tendency toward improvement

in the frequency of sexual intercourse, satisfaction

with an erection along with erection fullness. Thus,

at present, the role of T in male sexual function is

clearly associated with an increase sexual desire as

well nocturnal erections, with a less clear benefit on

frequency of sexual intercourse and erectile function.

More recent evidence suggests that there may be a

threshold T level that is required for sexual desire

and nocturnal erections. Seftel et al [105] noted that

the clinically significant benefit in sexual desire and

frequency of nocturnal erections was seen at an ave-

rage 24 hour T concentration (Cave) of  506 ng./ dl.

The hypogonadal men in this study complained of

sexual dysfunction, and 10 mg. Testim improved

these 2 domains using a validated questionnaire
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Table 21. Drugs which Inhibit Testosterone or Androgen

Precursors 

• Spironolactone

• Common chemotherapies: methotrexate, alkylating agents

• Ketoconazole

• Metroniadazole

• Flutamide

• Bicaludamide

• Cimetidine

• Cyproterone

DRUGS WHICH INHIBIT GNRH RELEASE/PRODUCTION

• Progesterone

• Estrogen

• GnRH agonists (leuprolide, goserelin)

• Elevated Prolactin levels

• Estrogen

• Phenothiazines

• Tricyclic antidepressants

• Reserpine

• Opoid analgesics

• Cocaine



[106] and a telephone phone in system. Sexual desi-

re increased 1.2 on a Likert-type scale of 0-7. The

frequency of self-reported nocturnal erections

increased significantly over the course of a 7 day

period as well.

f) Diagnostic criteria

Other than for hypogonadism, no consensus crite-

ria have been established to identify the appropria-

te candidates for androgen therapy Few would

argue T treatment for men with both sexual dysfunc-

tion and low T levels caused by testicular failure or

hypothalamic-pituitary dysfunction.  The controver-

sy surrounds men with sexual dysfunction and low

normal T levels. Generally a diagnosis of hypogo-

nadism in an elderly male should be based on libi-

do complaint and/or evaluation with a symptom-

based instrument, followed by a laboratory work-up

of serum T.[101,107] In a large clinical series of

men with ED screened for hypogonadism, low serum

T was correlated with age over 50, low libido and

small testes.  [118]

Although there is general understanding of what

constitutes normal T levels in healthy younger indi-

viduals, there is no consensus on the serum T levels

that can be used to define androgen deficiency in

ageing. Furthermore, no clinically useful biological

marker for androgen action is available. Bioavai-

lable T levels below 60 ng/dL [108] or total T levels

below 300 ng/dL [79, 109-111] warrant androgen

replacement therapies, especially if associated with

other symptoms suggestive of androgen deficiency

(Table 22).  

g) Andropause

«Andropause,» is gaining recognition as a clinical

problem in the ageing male.  Admittedly, andropau-

se is a normal physiologic phase of ageing, but for

some men, it is accompanied by distressing declines

in sexuality, mood, and energy.  Not all physicians

agree that these symptoms need treatment with T.

Indeed, lifestyle changes and other interventions

may improve many of the symptoms associated with

andropause. Nevertheless, in the face of emerging

clinical data, long held negative views on the need

for and effects of ART in the ageing are being chal-

lenged. A growing number of clinicians now agree

that for select patients, T supplementation provides

significant benefit. 

The clinical findings in secondary hypogonadism

(testicular failure) were first described half a century

ago by Werner. [112] The symptom complex is com-

posed of at least one of the following components.

Suspicion of age-related hypogonadism does not

require that all of the signs be present.:

• Decreased sexual desire and erectile quality, parti-

cularly nocturnal erections

• Changes in mood with concomitant decreases in

intellectual activity and spatial orientation ability,

and increases in fatigue, depression, and anger

• Decrease in lean body mass with associated dimi-

nution in muscle volume and strength

• Decrease in body hair and skin alterations

• Decrease in bone mineral density, resulting in

osteoporosis

• Increase in visceral fat.

h)  Androgen Deficiency Questionnaires

Three validated questionnaires have been developed

to aid in the identification of males with androgen

deficiencies.  These instruments provide reasonable

screening questions.  Each has been validated by

comparing questionnaire results with other aspects

of andropause, including laboratory T levels.

The specific instruments are:

• A New Ageing Male’s Symptoms (AMS) Rating

Scale[113]

• Androgen Deficiency in Ageing Males (ADAM)

[114]

• Eight-Item Screener for the Massachusetts Male

Ageing Study (MMAS) [115]

i) Serum Endocrine Evaluations:  Choice of Assay

In addition to an adequate history and physical exa-

mination, a biochemical assessment is necessary if

hypogonadism is suspected. The most relevant mea-
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Table 22. Secondary Causes For Male Hyperprolactinemia

• Hypothyroidism

• Stress

• Chronic renal failure

• Exercise

• Liver disease

• Sleep

• Drugs (22) (e.g., protirelin, fenfluramine, thyrotropin-

releasing hormone, estrogens, antipsychotic agents,

methyldopa, opiates, opiodis, metoclopramide, reserpine

and amoxapine)



surement of T bioavailability should be the unbound

or free fraction, but commercial assays for free T are

inconsistent and have been considered invalid by

some investigators.  Methods used to measure serum

T vary substantially, and even standardized methods

such as radioimmunoassay (RIA) are variable depen-

ding on whether serum is extracted and/or undergoes

chromatography before RIA.  Measurement of free T

by equilibrium dialysis methods are demanding tech-

nically and measure that moiety of T not bound to

either SHBG or albumin, but are not available in

most settings.  Some investigators prefer to use the

free T index, a calculated value, usually the ratio of

T to SHBG.  For the most part, health providers rely

on the measurement of total serum T. [116,117]

j)  Serum Testosterone Range

The problem of identifying the normal cutoff level

for T beyond which therapy should be initiated

remains unresolved.  Wide individual variability in

the threshold of serum T below which impairment

of androgen-dependent processes becomes evident

makes both diagnosis and treatment difficult.

Although the range of normal values for serum T

varies among laboratories, morning T values below

300 ng/dL suggest hypogonadism and should be

confirmed by a second determination.  It is general-

ly accepted that two standard deviations below nor-

mal values for young men is conclusively abnormal.

This range of values still adheres to the concept of a

societal mean that may not be relevant for older men.

Beyond hypogonadal levels, the level of serum T

that defines deficiency specifically in an older man

has yet to be established. Circadian rhythm of T

levels should be considered in measuring serum T;

blood should be drawn between 6:00 am and 9:00

am.  One or more of the following serum laboratory

measures may be required to diagnose hormone defi-

ciencies:

• Total/free/bioavailable testosterone

• Sex-hormone-binding globulin

• LH

• Follicle stimulating hormone

5. SUMMARY AND RECOMMENDATIONS

The large majority of patients with ED do not requi-

re specialized evaluation. A physical examination,

medical and sexual history and basic laboratory tests

are sufficient for diagnosis of ED in the majority of

cases. Specialized consultation and evaluation may

be indicated, however, for patients with specific

organic etiologies, based on the patient’s prefe-

rences, or in medico-legal circumstances. Typical

indications for specialized vascular, neurologic or

endocrine evaluation are failure of initial treatment,

Peyronie’s disease, primary ED, history of pelvic/

perineal trauma, cases requiring vascular or neuro-

surgical intervention, complicated endocrinopathy,

complicated neurologic or psychiatric disorders, and

medico-legal concerns. Commonly used vascular

evaluation procedures include intracavernous

injection pharmacotesting (ICI), color duplex dop-

pler ultrasound, and dynamic infusion cavernoso-

metry and cavernosography (DICC). Less com-

monly used procedures include arteriography, CT

angiography, penile MRI studies, infrared spectro-

photometry, visual sexual stimulation (VSS) testing,

and radioisotope penography. These latter techniques

should be regarded as experimental and lacking evi-

dence-based assessment.

Specialized neurologic procedures include noctur-

nal penile tumescence and rigidity testing (NPTR),

biothesiometry, dorsal nerve conduction studies,

bulbocavernousus reflex latency, and corpus caver-

nosum electromyography (CC-EMG). These proce-

dures may be of value in evaluating specific neuro-

logic deficits in individual cases, but are not widely

used or generally recommended at this time.  Addi-

tional experimental procedures include MRI and

PET scanning of the brain during visual sexual sti-

mulation. These procedures are only recommended

for research purposes. 

Patients with complicated endocrinological or psy-

chiatric disorders should be referred for specialized

consultation and evaluation when  possible. Detai-

led evaluation of these disorders are described in

Chapter 2 (Psychological and Interpersonal Dimen-

sions) and Chapter 11 (Endocrine Disorders).  In

accordance with the patient-based approach to

sexual medicine recommended by this committee,

results of specialized testing and evaluation should

be clearly communicated to the patient and taken

into consideration in the mutual decision-making

process. 

1.  INTRODUCTION

The ability to measure sexual function in men and

women is key to the establishment of current func-

tional level (e.g. ability to respond, level of interest)

IV.  SYMPTOM SCALES AND 

QUESTIONNAIRES
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in relation to the diagnosis of presence and/or seve-

rity of sexual symptoms and to determine whether

any form of intervention may have altered an indivi-

dual’s ability to function sexually. The primary for-

mat for evaluation of sexual function or sexual

symptoms is the self-administered questionnaire. In

common with other psychometric instruments the

two most fundamental and desirable psychometric

requirements for such tools are reliability and validi-

ty. Reliability refers to the consistency or replica-

bility of data, with reliability «coefficients» serving

as formal indicators of measurement consistency.  

In contrast to consistency of measurement, validity

addresses the essence of what is being measured; it

reflects the degree to which an instrument measures

what it purports to measure.  Unlike reliability,

which is established through a specific, rigorously

prescribed series of statistical exercises, the valida-

tion of a measuring instrument is iterative in natu-

re. Validation is much more of an enduring process,

which accumulates evidence from numerous studies

and trials; it is an ongoing process, at least theoreti-

cally, and serves to test and extend the generalizabi-

lity of the validation statement.  Nunnally [119] has

likened the validation process to «...an expanding

network of circumstantial evidence» supporting the

validity of the measuring instrument.

The two essential indicators of validity for mea-

sures of sexual function are, sensitivity to functio-

nal versus dysfunctional status, and sensitivity to

therapeutically induced change.  The former refers

to an instrument’s capacity to discriminate sexually

dysfunctional individuals from those persons free of

any sexual disorders (its sensitivity and specificity in

epidemiological terms, or discriminant validity in

psychometric terms), while the latter refers to an ins-

trument’s capacity to register treatment-induced

change (longitudinal validity in psychometric terms).

Both are essential features of instruments designed

to serve as diagnostic and /or efficacy measures in

both clinical settings and in clinical research.

The following review, along with the detailed infor-

mation contained in Tables 23 and 24, characterizes

13 contemporary instruments (6 for males and 7 for

females) designed to measure the status of an indivi-

dual or couple’s sexual function. With the exception

of two, all of these instruments have been developed

during the past decade, with the majority having

been published during the past several years.

Although not all of these measures were designed

specifically for use in clinical trials, most have been

designed as outcomes measures that could be easily

applied in clinical trials. Most of these instruments

are relatively early in their validation programs;

however, all have performed well against establi-

shed psychometric criteria and have demonstrated

sound early-stage empirical evidence of reliability

and validity. The seven instruments described in

Table 24 meet minimal criteria; the six instruments

described in Table 23 meet more extensive criteria

and are recommended for use in assessing sexual

function status in the indicated populations. These

latter instruments are presented in greater detail in

the next section.  The order of presentation is alpha-

betical (Tables 23, 24).

2. RECOMMENDED QUESTIONNAIRES FOR MEN

AND WOMEN

a.)  Changes in Sexual Functioning Questionnaire

(CSFQ)

• DESCRIPTION

The CSFQ has both a men’s and women’s version

[120]. The women’s version is a 34 item instrument

designed to be a global measure of women’s current

sexual function, and differentiates between those

who have poor lifelong psychosexual adjustment and

those who have acquired sexual dysfunction after

prior normal functioning. It was designed to detect

changes in sexual function due to illness (e.g. depres-

sion) or the administration of medication (e.g.

SSRI’s).  A 36-item version was designed for men.

Fourteen core sexual functioning items are rated on a

five point Likert style scale. The CSFQ is comprised

of 5 factor-analytically determined dimensions, labe-

led sexual desire-interest, sexual desire-frequency,

sexual pleasure, sexual arousal/excitement, and

orgasm/completion. In addition, a Total CSFQ score

representing overall sexual function may also be

derived.  Higher scores on total score and each of the

subscales indicate better sexual function.

• ADMINISTRATION TIME

The CSFQ interview requires approximately 15

minutes. The 14-item self report scale can be com-

pleted in about 5 minutes.

• TARGET POPULATION

The CSFQ is designed to be appropriate for hetero-

sexual and homosexual respondents.

• RELIABILITY AND VALIDITY

Reliability for the dimensions of the CSFQ has been

demonstrated in the acceptable range (r’s =.64 to

.80). Concurrent validity has been established by
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9
7

Table 23. Psychometric Properties of Highly Recommended Scales 



1
9
8

Table 24.  Psychometric Properties of Additional Recommended Scales



comparisons with analogous measures from the

Derogatis Interview for Sexual Functioning (DISF),

with r’s ranging from .66  to .86 [121]. Discriminati-

ve validity of a specific type was demonstrated by its

ability to discriminate between a clinical sample

(depressed patients) and a non-clinical sample [122].

The instrument was also able to demonstrate diffe-

rential rates of sexual dysfunction associated with

specific antidepressant medications [123].

• NORMS

Norms are available for the CSFQ based on the

medical student/resident sample, and medical outpa-

tients.

• LANGUAGES

Validated in English and Spanish, with linguistic

validation in 7 other languages (French, German,

Dutch, Italian, Swedish, Finnish, and French Cana-

dian).[124]

• RATING ON AVAILABLE EVIDENCE

Grade B and Level 2 or 3

b.) Derogatis Interview for Sexual Functioning

(DISF/DISF-SR)

• DESCRIPTION

The DISF/DISF-SR represents a coordinated set of

brief matched instruments designed to provide an esti-

mate of the quality of an individual’s current sexual

functioning [125,126]. The DISF is a semi-structured

interview comprised of 25 items and reflects quality of

sexual functioning in a multi-domain format. The

DISF-SR is a matching self-report inventory designed

to accomplish the same goal in a patient self-report

mode. There are gender specific male and female ver-

sions of both the DISF and the DISF-SR. The instru-

ments in the DISF series are designed to be interpre-

ted at three distinct levels: discrete items, functional

domains, and aggregate summary (Total) score.  DISF

items are arranged into five primary domains of

sexual functioning: sexual cognition/fantasy, sexual

arousal, sexual behavior/ experience, orgasm, and

sexual drive/relationship.  An aggregate DISF Total

Score summarizes quality of sexual functioning across

the five primary DISF domains.

• ADMINISTRATION TIME

Both the DISF and the DISF-SR take approximate-

ly 12 to15 minutes to administer.  

• TARGET POPULATION

Both male and female versions of the DISF/DISF-SR

are designed to measure quality of sexual functio-

ning in community and medical populations.

• RELIABILITY AND VALIDITY

Internal consistency reliabilities for measures of the

DISF-SR are within acceptable ranges (.74 to .80), as

are test-retest coefficients (.80 to .90). Inter-rater

reliability estimates for the DISF interview were in

the range .84 to .92.  The DISF/DISF-SR series has

demonstrated good discriminative validity and sensi-

tivity to treatment-induced changes in both general

clinical research and in clinical trials.

• NORMS

Gender-keyed actuarial norms (in terms of area T-

scores) are available for all versions of the test.

• LANGUAGES

The DISF/DISF-SR are currently available in 10 lan-

guages. 

• RATING ON AVAILABLE EVIDENCE

Grade B and Level 3 evidence

c.) Female Sexual Function Index (FSFI)

• DESCRIPTION

An expert panel was formed to design the FSFI to

assess Female Sexual Arousal Disorder (FSAD).

The FSFI is a 19-item self-report instrument [127].

Respondents were asked to base their responses on

the “past 4 weeks”. Factor analysis was used to iden-

tify six components of sexual functioning; Desire,

Arousal, Lubrication, Orgasm, Satisfaction and Pain.

A total score is computed by summation of all 19

items and is used to represent overall sexual func-

tion.  The FSFI refers to this total score as the Full

Scale score.  Higher scores on total score and each of

the subscales indicate better sexual function. 

• ADMINISTRATION TIME

10 to 15 minutes

• TARGET POPULATION

Clinical trial and community populations.  This ins-

trument was designed for use among heterosexual

and homosexual respondents.

• RELIABILITY AND VALIDITY. 

The female validation sample included 131 healthy

controls  (age 21 to 69) and 128 women diagnosed

with FSAD (age 21 to 69). Alpha coefficients for the

five subscales were all above .82.  Test-retest data

over a 2 to 4 week period was relatively high for all
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the subscales (r=.79 to .86) and total score (r=.88).

Women diagnosed with FSFI had significantly lower

scores on all subscales of the FSFI than healthy

women, demonstrating discriminant validity. Diver-

gent validity was successfully established using the

Locke-Wallace Marital Adjustment Test [128]. Cor-

relations showed acceptably modest magnitude

across subscales.  As would be expected, the Locke-

Wallace Marital Adjustment score correlation (r=.57)

was highest with the FSFI Satisfaction (with partner)

subscale. Other correlations with the Locke-Wallace

ranged from r = .41 for FSFI Full Scale score to r =

.19 for FSFI Desire.  These correlations indicate an

expected level of association between the theoreti-

cally related constructs of Marital Adjustment and

Sexual Function.  This finding provides support for

the construct validity of the FSFI. 

In a second validation study [129], the FSFI was

shown to discriminate well between women without

sexual dysfunction and women who met criteria for

female orgasmic disorder (FOD) or hypoactive

sexual desire disorder (HSDD).  Highly significant

discriminant validity was shown on all domains, as

well as the total FSFI score between sexually dys-

functional and non-dysfunctional samples in both

studies. Overall, the FSFI shows strong reliability

and discriminant validity, although treatment sensiti-

vity data has not been demonstrated to date.

• NORMS

Norms available

• LANGUAGES

The FSFI is available in 7 languages. Only the Engli-

sh version has received independent validation.

• RATING ON AVAILABLE EVIDENCE

Grade B and Level 3 evidence.

d) Golombok Rust Inventory of Sexual Satisfaction

(GRISS)

• DESCRIPTION

The GRISS is a 56-item (28 items for women and 28

items for men) self-report instrument designed to

assess the existence and severity of sexual problems

among sexually active individuals and heterosexual

couples.  It is designed to assess each individual part-

ner’s function and the overall relationship. For

assessment of individuals the men’s and women’s

items can be presented as two separate forms.

The GRISS is comprised of 12 domain scores, 5 for

women, 5 for men and 2 scores common to both.  An

aggregate total score for each respondent is also used

to summarise the quality of relationship and sexual

functioning in the couple. Domains pertaining to

men include premature ejaculation (4 items), impo-

tence (4 items), avoidance (4 items), nonsensuality

(4 items) and dissatisfaction (4 items). Equivalent

domains pertaining to women include anorgasmia (4

items), vaginismus (4 items), avoidance (4 items),

nonsensuality (4 items) and dissatisfaction (4 items).

The 2 domains common to both women and men are

frequency of sexual contact (4 items) and non-com-

munication (4 items) [130]

This instrument was designed for use with sex thera-

py clients and was originally standardized using 44

heterosexual couples (88 individuals) seeking mari-

tal or sex therapy [131]   A transformation key allows

couples to see their scores plotted on a profile provi-

ded for the couple as part of therapy.  

• ADMINISTRATION TIME

Approximately 15 minutes 

• TARGET POPULATION

The GRISS was designed for use with heterosexual

sex therapy clients

• RELIABILITY AND VALIDITY

Internal consistency of the subscales was acceptably

high and ranged from .61 to .83.  Test-retest assess-

ment involved a comparison of scores from both pre

and post therapy for 41 of the couples.  Test-retest

calculations for women ranged from.47 to .82.

Women in therapy showed higher rates of dysfunc-

tion across subscales compared to the control sample

of general practitioner patients. A Dutch translated

version of GRISS showed a similar factor structure

to that of the English version, and demonstrated rea-

sonably high internal consistency for each of the sub-

scales.  The GRISS has demonstrated utility in esta-

blishing lowered sexual functioning among women

with obsessive compulsive disorder and psychiatric

comorbidity among women identified as having FSD

using scales from the GRISS.

• NORMS

Norms are available from the development sample of

therapy clients as well as for a comparison nonclini-

cal sample of 59 general practitioner patients.

• LANGUAGES

Dutch and English language versions are available

• RATING ON AVAILABLE EVIDENCE

Grade C and Level 4 evidence.
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e) International Index of Erectile Function (IIEF)

• DESCRIPTION

The IIEF is a 15-item self-report inventory develo-

ped by Rosen and his colleagues [132] to provide a

brief measure of erectile function and capacity. It has

been frequently recommended as a primary endpoint

in clinical trials of erectile dysfunction (ED). The

IIEF was developed in conjunction with the clinical

trial program for sildenafil (Viagra), and has since

served as a major endpoint in over 50 clinical trials

[133]. The principal domains of the IIEF were iden-

tified through literature search, review of existing

instruments, and interviews with patients suffering

from erectile dysfunction. The IIEF represents quali-

ty of male sexual function in terms of 5 domain

scores: erectile function, orgasmic function, sexual

desire, sexual satisfaction, and overall satisfaction.

The IIEF does not yield a total score. 

• ADMINISTRATION TIME

The IIEF takes approximately 10 to 15 minutes to

complete.

• TARGET POPULATION

Men from the community and medical populations

•  RELIABILITY AND VALIDITY

Both internal consistency (.73 to .95) and test-retest

reliabilities (.64 to .84) are superior for the scale, and

there is factor analytic confirmation of the principal

domains. Sensitivity and specificity are very good,

and concurrent validation against other comparable

measures has been demonstrated.  Discriminative

validity has been well established in comparisons of

functional versus dysfunctional samples, and sensiti-

vity to therapeutic change has been consistently

shown within the context of clinical trials of sildena-

fil and other treatments for ED. More recently, a 5-

item brief form of the IIEF termed the Sexual Heal-

th Inventory for Men (SHIM) has been developed

and validated, along with a diagnostic classification

and an ED severity scale [134] A recent systematic

review of more than 60 studies found the IIEF scale

to be highly robust in different ethnic and geographic

populations, as well as sensitive to treatment effects

across a variety of treatment agents [133]. 

• NORMS

Numerous normative cut-off scores have been publi-

shed for the IIEF.

• LANGUAGES

The IIEF has been linguistically validated in 32 lan-

guages.

• RATING ON AVAILABLE EVIDENCE

Grade A and Level 1 evidence

f) Sexual Function Questionnaire

• DESCRIPTION

The initial version of the Sexual Function Question-

naire (SFQ-V1) was developed to be a patient-cente-

red multidimensional measure of sexual function in

women [135]. A series of pilot interviews and semi-

structured interviews were used to focus the instru-

ment.  Women from seven countries (UK, U.S., Aus-

tralia, the Netherlands, Denmark, France and Italy)

reviewed key terms in sexual function to assess the

appropriateness of the wording used.  Those subjects

with FSD diagnoses were asked to discuss feelings

associated with their experience of FSD. Key

phrases obtained in this way were incorporated into

the questionnaire. Factor analysis was used to obtain

seven domains. The SFQ can be reliably employed

in three forms; a 34 item version which includes all

8 domains (Desire, Arousal-sensation, Arousal-lubri-

cation, Arousal-cognitive, Orgasm, Enjoyment, Pain

and Partner)  and additional items; a 26 item version

which includes the 7 domains only and a short 15

item version (Abbreviated SFQ) which includes 4 of

the 7 domains (Desire, Arousal-sensation, Arousal-

lubrication and Orgasm).  

• ADMINISTRATION TIME

10 to 15 minutes

•  TARGET POPULATION

Women in a sexual relationship or having taken part

in sexual activity within the previous month.

• RELIABILITY AND VALIDITY

The initial validation sample included 982 women,

which incorporated women with a diagnosis of FSD

and a normal aged-matched comparison group.

Women were aged between 19 and 65 years.  Inter-

nal consistency of the subscales was acceptably high

and ranged from .65 to .91.  Test-retest correlations,

based on a four-week re-administration of the SFQ,

ranged from .42 to .78.  The SFQ was successful –

for all of the domains — in discriminating between

women with FSD and those without. In addition,

women who by the end of the study indicated an

improvement in sexual functioning had significantly

higher SFQ scores compared to women who did not

report an improvement in sexual functioning by the

end of the study. Construct validity has been

demonstrated in correlations between the SFQ
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domains, the DISF-SR, the Life Satisfaction Check-

list and the Hospital Anxiety and Depression Scale. 

• NORMS

Normative data are available for all SFQ domains.

• LANGUAGES

The SFQ is available in sixteen language versions

including Hispanic and French Canadian.

• RATING ON AVAILABLE EVIDENCE

Grade B and Level 2 or 3 evidence.

g.)  Female Sexual Distress Scale (FSDS)

• DESCRIPTION

The FSDS is a brief 12-item self-report inventory

designed to measure sexually related personal dis-

tress in women. The impetus for the development of

the FSDS grew from a contemporary awareness of

the importance of personal distress in defining

women’s sexual dysfunctions  accompanied by an

equally compelling awareness that no operational

measures of sexually-related personal distress exis-

ted [135]. The FSDS is a 12-item self report scale

that is unidimensional and serves as a valid and

effective quantitative definition of personal distress. 

• ADMINISTRATION TIME

The FSDS can be completed in 5 minutes.

• TARGET POPULATION

Women presenting for an evaluation concerning

sexual dysfunction.

• RELIABILITY AND VALIDITY

Reliability estimates for the FSDS are available from

3 distinct trials. Coefficients α range from a low of

.86 to a high of .97, while test-retest reliability coef-

ficients ranged from .80 to .92. In a discriminative

validity trial with samples of both natural and surgi-

cally menopausal women with sexual dysfunction

compared to healthy controls, the FSDS  demonstra-

ted both sensitivity and specificity of .93, and a posi-

tive predictive value of approximately .90. In another

of the trials the scale showed a high sensitivity to

treatment induced change. There is also good evi-

dence of convergent validity with other measures of

distress, and  ROC analysis produced an AUC of .95.

• NORMS

Provisional cut-off score of 15 for distress level is

currently recommended.

• LANGUAGES

The FSDS is currently available in 14 languages.

• RATING ON AVAILABLE EVIDENCE

Grade C and Level 4 evidence.

3. SUMMARY AND CONCLUSIONS

This section represents an overview from a clinical

perspective of the scales and questionnaires current-

ly available to measure and quantify the status of an

individual’s or couple’s sexual functioning. The ins-

truments covered in this section are for the most part,

contemporary measures that have been recently

developed. The design of these measures tends to

emphasize brevity and the self-report modality,

which articulate well with the majority of the pri-

mary formats for clinical trials. The measurement

constructs these inventories and interviews are desi-

gned to operationalize tend to be consistent with the

acknowledged elements of the sexual response cycle

and consequences of problems, and are referenced

under the general headings of desire, arousal,

orgasm, pain and satisfaction.

It is evident that several questionnaires and

symptom scales are currently available and

recommended for use in practice settings and cli-

nical trials. The field of sexual psychometrics has

progressed dramatically during the past decade from

one in which there were only a handful of measures

available to a field of measurement in which a great

deal of activity and new development is taking place.

Instrument development is currently an area of high

activity with new measures being developed rapidly

and previous measures being revised to reflect new

knowledge. Consequently the reviews and recom-

mendations incorporated can only reflect the current

state of the art.

Despite major advantages of these measures in

efficiency and quantification of measurement,

several disadvantages should also be noted. First,

these measures provide information only on current

level of sexual function and cannot substitute for a

detailed sexual or medical history. Furthermore,

the questionnaires do not provide information regar-

ding specific etiology or comorbid medical or psy-

chiatric conditions. Additionally, some patients

experience discomfort or embarrassment while com-

pleting questionnaires or symptom scales, or may

experience language or comprehension difficulties.

Steps should be taken to ensure privacy and

confidentiality and to assist the patient with com-
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prehension when indicated. Finally, the use of

questionnaires or symptom scales should not be used

as an alternative or substitute for direct inquiry or

face-to-face clinical interaction with the patient.
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Please answer the following questions as honestly and clearly as possible.

In answering these questions the following definitions apply:

• Sexual activity included intercourse, caressing, foreplay and masturbation.

• Sexual intercourse is defined as vaginal penetration of the partner ( you entered your partner )

• Sexual stimulation includes situations like foreplay with a partner, looking at erotic pictures, etc

• Ejaculation is defined as the ejection of semen from the penis ( or the feeling of this )

Please answer the following questions for the past -------weeks by checking one box per question.

1. How often were you able to get an erection during sexual activity?

• No sexual activity

• Almost never/never

• A few times (much less than half the time)

• Sometimes (about half the time)

• Most times (much more than half the time)

• Almost always/always

2. When you had erections with sexual stimulation, how often were your erections hard enough for

penetration?

• No sexual activity

• Almost never/never

• A few times ( much less than half the time )

• Sometimes ( about half the time )

• Most times ( much more than half the time )

• Almost always/always

3. When you attempted sexual intercourse, how often were you able to penetrate (enter) your

partner?

• Did not attempt intercourse

• Almost never/never

• A few times (much less than half the time)

• Sometimes (about half the time)

• Most times (much more than half the time)

• Almost always/always

4. During sexual intercourse, how often were you able to maintain your erection after you had 

penetrated ( entered) your partner?

• Did not attempt intercourse

• Almost never/never

• A few times (much less than half the time)

• Sometimes (about half the time)

• Most times ( much more than half the time )

• Almost always/always

ANNEX I.

INTERNATIONAL INDEX OF ERECTILE FUNCTION QUESTIONNAIRE
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5. During sexual intercourse, how difficult was it to maintain your erection to completion of

intercourse?

• Did not attempt intercourse

• Extremely difficult

• Very difficult

• Difficult 

• Slightly difficult

• Not difficult

6. How many times have you attempted sexual intercourse?

• No attempts

• One to two attempts

• Three to four attempts

• Five to six attempts

• Seven to ten attempts

• Eleven + attempts

7. When you attempted sexual intercourse, how often was it satisfactory for you?

• Did not attempt intercourse

• Almost never/never

• A few times ( much less than half the time )

• Sometimes ( about half the time )

• Most times ( much more than half the time )

• Almost always/always

8. How much have you enjoyed sexual intercourse?

• No intercourse

• No enjoyment

• Not very enjoyable

• Fairly enjoyable

• Highly enjoyable

• Very highly enjoyable

9. When you had stimulation or intercourse, how often did you ejaculate?

• No sexual stimulation/intercourse

• Almost never/never

• A few times ( much less than half the time )

• Sometimes ( about half the time )

• Most times ( much more than half the time )

• Almost always/always



10. When you had sexual stimulation or intercourse, how often did you have the feeling of orgasm

or climax?

• No sexual stimulation/intercourse

• Almost never/never

• A few times ( much less than half the time )

• Sometimes ( about half the time )

• Most times ( much more than half the time )

• Almost always/always

The next two questions ask about sexual desire. Let’s define sexual desire as a feeling that may include

wanting to have a sexual experience ( for example, masturbation or intercourse ), thinking about having

sex, or feeling frustrated due to lack of sex.

11. How often have you felt sexual desire?

• Almost never/never

• A few times ( much less than half the time )

• Sometimes ( about half the time )

• Most times ( much more than half the time )

• Almost always/always

12. How WOULD You rate your level of sexual desire?

• Very low/none at all

• Low

• Moderate

• High

• Very high

13.  How satisfied are you with your overall sex life?

• Dissatisfied

• About equally satisfied and dissatisfied

• Very dissatisfied

• Moderately satisfied

• Very satisfied

14.  How satisfied have you been with your sexual relationship with your partner?

• Dissatisfied

• About equally satisfied and dissatisfied

• Very dissatisfied

• Moderately  satisfied

• Very satisfied

15.  How do you rate your confidence that you could get and keep an erection?

• Very low

• Low

• Moderate

• High

• Very high

REPRODUCED WITH PERMISSION OF THE AUTHOR.
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1. Have you had any difficulties obtaining a firm hard, long-lasting erection?  

YES              NO

2. Are you currently having any difficulties obtaining a firm, hard,  long-lasting erection?

YES            NO

2A. HOW LONG AGO DID THIS CURRENT ERECTILE PROBLEM BEGIN?     _____________________

3. THE FOLLOWING QUESTIONS ASK YOU TO THINK ABOUT YOUR SEXUAL DRIVE DURING THE PAST 30 DAYS.

3A. HOW MANY TIMES IN THE PAST 30 DAYS DID YOU FEEL SEXUAL DESIRE ( HORNEY, 

THE DESIRE TO HAVE SEX? ____________________

3B.HOW MANY TIMES IN THE PAST 30 DAYS DID YOU ENGAGE OR ATTEMPT TO ENGAGE

IN INTERCOURSE?  _____________________

3C. HOW MANY TIMES DID YOU AND YOUR PARTNER ENGAGE IN OTHER SEXUAL ACTIVITY

IN THE PAST 30 DAYS? _____________________

3D. HOW MANY TIMES DID YOU MASTURBATE IN THE PAST 30 DAYS? _____________________

4. These next questions ask you to judge the quality of your erections under different circumstances

during the past 30 days.

• Each rating scale goes from 0 to 8 ( no erection to full erection )

• Please circle the number ( 0 to 8)  on each scale that best reflects the quality of your erection under 

each of the following circumstances.

• If you have not engaged in that particular activity, circle NA ( not applicable )

Please rate the quality of your erections during the past 30 days.

4a. Quality of erection during the night or upon awakening 

NO ERECTION SEMI-FIRM FULL

0 1 2 3 4 5 6 7 8

4b. Quality of erections spontaneously or when reading about. Looking at, or thinking 

about something sexy

NO ERECTION SEMI-FIRM FULL

0 1 2 3 4 5 6 7 8

4c. If you have engaged in masturbation during the past 30 days, rate quality of erection 

during masturbation.

NO ERECTION SEMI-FIRM FULL

0 1 2 3 4 5 6 7 8

4d. If you have engaged in foreplay in the past 30 days, rate quality of erection during foreplay.

NO ERECTION SEMI-FIRM FULL

0 1 2 3 4 5 6 7 8

4e. If you have engaged in intercourse during the past 30 days, rate quality of erection during 

intercourse

NO ERECTION SEMI-FIRM FULL

0 1 2 3 4 5 6 7 8

ANNEX II.

THE C-MASH



5. Now think back over the past 3 months.

The following questions concern your experience with orgasm ( ejaculation or “coming”) during this

time period.

• Please circle the number (0-8) on each scale that best reflects how often you have reached orgasm 

under each of the following circumstances.

• If you have not engaged in a particular activity during the past 3 months, circle NA (not applicable for

that activity.

5a. How often in the past 3 months have you had an orgasm during intercourse?

ALMOST SOMETIMES ABOUT HALF MOST OF ALMOST

NEVER OF THE TIME THE TIME ALWAYS

NA 0 1 2 3 4 5 6 7 8

5b. How often have you had an orgasm during masturbation in the past 3 months?

ALMOST SOMETIMES ABOUT HALF MOST OF ALMOST

NEVER OF THE TIME THE TIME ALWAYS

NA 0 1 2 3 4 5 6 7 8

5c. How often did you ejaculate (come ) more quickly than you would like during intercourse 

in the past 3 months?

ALMOST SOMETIMES ABOUT HALF MOST OF ALMOST

NEVER OF THE TIME THE TIME ALWAYS

NA 0 1 2 3 4 5 6 7 8

5d. How often did it take you longer than you’d like to reach orgasm during intercourse in 

the past 3 months?

ALMOST SOMETIMES ABOUT HALF MOST OF ALMOST

NEVER OF THE TIME THE TIME ALWAYS

NA 0 1 2 3 4 5 6 7 8

6. The final two questions concern your overall satisfaction with your sexual life during the

past 3 months.

• Please circle the number ( 0-5) on each scale which best reflects your degree of satisfaction.

• If you have not engaged in any type of sexual activity in the past 3 months, circle NA.

6a.How satisfied have you felt after a typical sexual encounter in the past 3 months?

EXTREMELY MODERATELY MILDLY MILDLY MODERATELY EXTREMELY

UNSATISFIED UNSATISFIED UNSATISFIED SATISFIED SATISFIED SATISFIED

NA 0 1 2                         3                 4                         5

6b. How satisfied do you think your partner has felt after a typical sexual interaction during 

this time period?

EXTREMELY MODERATELY MILDLY MILDLY MODERATELY EXTREMELY

UNSATISFIED UNSATISFIED UNSATISFIED SATISFIED SATISFIED SATISFIED

NA 0 1 2                         3                 4                         5

REPRODUCED WITH PERMISSION OF THE AUTHOR.
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For each item, please indicate your overall level during the past week  including today.

1. How strong is your sex drive?

1 2 3 4 5 6

extremely very somewhat somewhat very no sex

strong strong strong weak weak drive

2. How easily are you sexually aroused ( turned on ) ?

1 2 3 4 5 6

extremely very somewhat somewhat very never

easily easily easily difficult difficult aroused

3. Can you easily get and keep an erection?

1 2 3 4 5 6

extremely very somewhat somewhat very never

easily easily easily difficult difficult

4. How easily can you reach an orgasm?

1 2 3 4 5 6

extremely very somewhat somewhat very never

easily easily easily difficult difficult reach 

orgasm

5. Are your orgasms satisfying?

1 2 3 4 5 6

extremely very somewhat somewhat very can’t 

satisfying satisfying satisfying unsatisfying unsatisfying reach

orgasm

ARIZONA BOARD OF REGENTS, COPYRIGHTED 1997, REPRINTED WITH PERMISSION.
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1. Check the dot on the scale line below which best describes the degree of happiness, everything conside-

red, of your present marriage.  The middle point, "happy", represents the degree of happiness which most

people get from marriage, and the scale gradually ranges on one side to those few who are very unhappy

in marriage, and on the other, to those few who experience extreme joy or felicity in marriage.

VERY HAPPY PERFECTLY

UNHAPPY HAPPY

State the approximate extent of agreement or disagreement between you and your mate on the following

items.  Please check each column.

Almost Almost 

Always Always Occasionally Frequently Always Always

Agree Agree Disagree Disagree Disagree Disagree

2. Handling family finances

3. Matters of recreation

4. Demonstrations of affection

5. Friends

6. Sex relations

7. Conventionality (right, good, 

of proper conduct)

8.  Philosophy of life

9. Ways of dealing with in-laws

For the questions below please check the most appropriate answer.

10. When disagreements arise, they usually result in:

Husband giving in (   )  Wife giving in (   ) Agreement by mutual give and take (   )

11. Do you and your mate engage in outside interests together?

All of them (   )  Some of them (   ) Very few of them (   ) None of them (   )

12. In leisure time do you generally prefer:

To be "on the go"  (   ) To stay at home (   )

Does your mate generally prefer:

To be "on the go"  (   ) To stay at home   (   )

13. Do you ever wish you had not married?

Frequently (   ) Occasionally (   ) Rarely  (   ) Never (   )

14. If you ever had your life to live over, do you think you would:

Marry the same person (   ) Marry a different person (   ) Not marry at all (   )

15. Do you confide in your mate:

Almost never (   ) Rarely (   ) In most things (   ) In everything (   )

ANNEX IV.

MARITAL-ADJUSTMENT TEST
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ANNEX V.

CHANGES IN SEXUAL FUNCTIONING QUESTIONNAIRE (CSFQ-M-C)
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ANNEX VI.

DISF - SR (M)
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The role of the health care profession is to alleviate

the pain and suffering, both physical and emotional,

that may accompany sexual dysfunction, whenever

possible. In doing so, the disease-specific and overall

quality of life of our patients may be enhanced.  This

mission is accomplished through the delivery of safe

and effective therapy, which is the product of clinical

trials performed under the highest ethical and scien-

tific standards that can be applied. This chapter will

review the parameters of clinical protocol design,

study procedures, data collection and analysis,

which have led to the introduction of the current

therapies employed in the treatment of male erecti-

le dysfunction and which will enhance our current

armamentarium with newer safe and effective thera-

pies for ED in the future.

The first International Consultation on Erectile Dys-

function (ED) posed comprehensive recommenda-

tions for the standards used in clinical research pro-

tocols in the evaluation and treatment of men with

ED and touched upon the evolving status of sexual

dysfunction in women. As a natural consequence of

efforts to expand the benefits of properly performed

clinical trials to a broader range of male sexual

dysfunction, this document will extend those pre-

vious ED recommendations to include a prelimina-

ry discussion of trials for male ejaculatory dysfunc-

tion; specifically, rapid ejaculation. The authors

also hope to extend upon the global success in ED by

providing some additional recommendations for cli-

nical trials in ED.

In the area of erectile dysfunction, clinical trial desi-

gn and conduct has been substantially developed.  It

is now widely recognized that drug development in

sexual dysfunction requires a rational phased

approach. It is appreciated that initial Phase 1 stu-

dies of novel therapeutics will explore safety, tolera-

bility and pharmacokinetics.  Phase 2 studies will

assess preliminary evidence of clinical safety and

efficacy and will explore a range of doses.  Phase 3

pivotal trials will confirm clinical efficacy of a parti-

cular dose or dose range.  Phase 4 studies can further

investigate clinical safety and efficacy in sub-popu-

lations, can identify signals of previously unrecogni-

zed toxicity, and can identify new benefits of a mar-

keted product.

From the ED experience, we also recognize that

results of clinical studies are only interpretable and

generalizable when sensitive, reliable, validated

outcome assessment instruments are used consis-

tently as primary efficacy endpoints in adequate

and well-controlled Phase 3 clinical trials and

when these trials are conducted in clearly and

consistently defined populations. For ED trials, this

chapter will reiterate those elements of Phase 3 trial

design that have been used with success.  For Phase

3 trial design, the most critical elements include ran-

domization, a placebo control group, patient and

investigator blinding, a baseline assessment period

followed by a double-blind treatment period, and

assessments of safety and efficacy at screening, at

baseline and at regular intervals during the treatment

period.  For study efficacy endpoints, instruments

that are validated, reliable and clinically interpre-

table must be selected.  The inclusion and exclusion

criteria must be clear and must define a broad range

of patients with ED.  Finally, safety must be careful-

ly assessed through the use of controlled, uncontrol-

led, and “focused” clinical safety trials.  

Therefore, this chapter will review the current best

I. INTRODUCTION
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practices in ED clinical trial design and proce-

dures, will “fine-tune” those recommendations in

ED, and will pose new recommendations for the

condition of rapid ejaculation (RE) in men.  While

the majority of development of novel therapeutics

for ED has been in orally administered drugs, it is

also appropriate to apply sound basic principles of

drug development to other modalities including non-

oral formulations and surgical prosthesis.  

Studies of novel therapeutics in men with ejaculato-

ry disturbances (such as RE) clearly present new

challenges.  There is a current lack of consensus in

regard to appropriate efficacy endpoints and patient

entry criteria for RE.  Nevertheless, if the ED expe-

rience is used as a template and if we abide by the

fundamentals of good clinical trial design and

conduct, the authors believe that there is sufficient

available information to allow for proposal of at least

some preliminary recommendations in the area of

RE.

Summary points:

It is now generally recognized that drug develop-

ment in male sexual dysfunction requires a care-

fully phased approach.  In this process, safety, tole-

rability and pharmacokinetics of a novel compound

are studied early in development (Phase 1), prelimi-

nary efficacy and safety at a range of doses are stu-

died next (Phase 2) and clinical efficacy and safety

are confirmed fairly late in the program (Phase 3, just

prior to marketing approval).  Studies in special

populations, observational safety studies, and studies

for novel clinical uses may be conducted either

during this process (where appropriate) or after ini-

tial marketing of a product (Phase 4).

The trials at each phase have a different purpose

and each phase helps investigators answer a diffe-

rent set of questions.

• PHASE 1

In Phase I trials, researchers test a new drug or treat-

ment in a small group of people for the first time to

evaluate its safety, to determine a safe initial dosage

range, and to identify commonly occurring side

effects.  Since these studies are often the first in

humans, adequate precautions are taken in study

design to assure patient and/or volunteer safety.  The

most important decisions in this process are: rationa-

le for the study, objectives of the study, design of the

study to meet the objectives, selection of dose and

dosing frequency, recognition of all potential risks,

monitoring for those risks, and maintaining adequate

precautions to manage those risks.

The earliest studies of a new molecular entity are

usually single and multiple-dose safety, tolerability

and pharmacokinetic (pK) investigations. These

tend to be conducted in healthy young volunteers,

followed by the same studies in older (age-matched)

volunteers.  The starting dose is selected using the

results of pre-clinical (animal) toxicology, safety

pharmacology and toxicokinetic studies.  One might

also use the results of non-clinical studies (such as

receptor binding studies) and other non-clinical evi-

dence to pick a starting dose.  This dose is usually

many times lower than both the toxic dose and the

no-observed-adverse-effect level dose (NOAEL) in

animals.  It is common to “escalate” the dose in

single-dose Phase 1 trials.  One may escalate the

dose in the same cohort of patients or one may select

a new cohort for each dose escalation step.  Dose is

usually escalated in multiples of two (e.g. 1x, 2x, 4x,

8x, 16x) until a “maximally tolerated dose” (MTD)

is reached. 

Phase 1 dose-rising studies are often conducted total-

II. RATIONALE AND DESIGN OF

CLINICAL TRIALS

• From the ED experience, we recognize that

results of clinical studies are only interpre-

table and generalizable when sensitive,

reliable, validated outcome assessment ins-

truments are consistently used as primary

efficacy endpoints in adequate and well-

controlled Phase 3 clinical trials and when

these trials are conducted in clearly and

consistently defined patient populations.

• This chapter will review the parameters of

clinical protocol design, study procedures,

data collection and analysis, which have led

to the successful introduction of therapies

for the treatment of male erectile dysfunc-

tion.

•  As a natural consequence of efforts to

expand the benefits of properly performed

clinical trials to a broader range of male

sexual dysfunction, this document will

extend those recommendations to a prelimi-

nary discussion of male ejaculatory dysfunc-

tion; specifically, rapid ejaculation.
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ly in-hospital or in a clinical research center because

the clinical adverse events associated with the com-

pound are yet to be fully delineated and because a

major objective of  these studies is to elucidate (or to

safely “prompt”) these toxicities.  Safety assess-

ments are monitored at frequent and regular intervals

and these may include clinical adverse events, vitals

signs, EKGs, clinical serum and urine laboratories,

and other special safety assessments (e.g., injection

site monitoring, visual effects monitoring, pain

assessments, sedation scores, etc.) 

Phase 1 studies also routinely test the pharmacokine-

tics of a compound; that is, the concentrations of the

compound and its metabolites in the plasma.  This

requires blood sampling at regular intervals to deter-

mine the maximum plasma concentration (Cmax),

time to maximum concentration (Tmax), the average

concentration (Cavg), area-under-the concentration-

time curve (AUC), and elimination half-life (T1/2).

These parameters are determined after single doses

and after multiple doses, in younger and in older

patients, after eating and while fasting, after various

dose strengths, and after various dosing frequencies.

In these early studies, it is not uncommon to seek out

the metabolic pathways for the compound in order to

gain insight into future problems with specific drug

interactions or the need to lower the dose in special

populations  (e.g., those with renal or hepatic impair-

ment, or the elderly).  The importance of unders-

tanding the pharmacokinetics of the compound and

the body’s handling of the compound cannot be

overemphasized in the study of drugs intended to

treat ED.

In Phase 1, it may also be possible to conduct some

preliminary efficacy assessments, but only if these

do not interfere with the primary reasons for doing

the studies: to assess safety, tolerability and pK.

Therefore, in ED, where preliminary efficacy may be

assessed through a visual sexual stimulation test

(VSS) using Rigiscan device, such efficacy proce-

dures may  confound the more critical safety assess-

ments.  One should avoid the tendency to try to ans-

wer too many questions in one Phase 1 or Phase 2

study.  In other research areas, such as the study of

medications for benign prostatic hyperplasia (BPH),

a simple urine flowmetry examination may not

confound safety assessment. 

• PHASE 2

In Phase 2 trials, the study drug or treatment is given

to a larger group of people (anywhere from several

dozen to several hundred persons) in order to cha-

racterize its preliminary efficacy and to further eva-

luate its safety.  The critical objective of the Phase 2

program is to explore a wide range of doses so as to

capture the lowest effective dose, the dose to be car-

ried into larger Phase 3 trials, the maximally tole-

rated dose and the toxic dose(s).  Again, this is cri-

tical in ED, where the tolerance for safety risk is fair-

ly low.  For development of drugs for the treatment

of ED, Phase 2 has proven to be an important phase,

in part because the Phase 3 programs are usually

very large and costly and dose-ranging in Phase 3 is

unwieldy.  Also, toxicities and preliminary efficacy

that are identified in Phase 2 tend to predict those

that will be seen in Phase 3.  Therefore, the Phase 2

estimates can be used to predict Phase 3 outcomes, to

plan Phase 3 trial designs, and to focus attention on

the most important clinical safety and clinical phar-

macology concerns.

In Phase 2, actual patients with the clinical condition

(as opposed to healthy volunteers or “subjects”)

generally serve as the study population.  One would

especially like to observe for efficacy and safety in

selected high-risk or treatment-resistant groups in

Phase 2.  Early evidence of efficacy and safety in

these “more difficult to treat” groups often bodes

well for efficacy and safety in the broader Phase 3

population and may expedite a decision to move the

program forward.

In Phase 2, it may also be appropriate to explore par-

ticular safety issues in a small number of highly

monitored patients; these issues might include: drug

interactions, use in selected populations, selected

organ-system risks (e.g. eye, liver, cardiovascular,

neurological), local toxicities, or other drug-specific

matters.  

The endpoints in Phase 2 efficacy trials are usually

similar to those in Phase 3 but may include such

“pharmacodynamic” parameters as Rigiscan-moni-

tored percent rigidity, or duration of time for main-

taining a certain degree of rigidity.  Also, shortened

versions of classical endpoints (modified sexual his-

tory diaries, patient-reported outcomes measures,

and quality-of-life questionnaires) or shorter treat-

ment periods, may be used to lessen the overall time,

effort and financial burden of the individual Phase 2

trial and the overall Phase 2 program.  Since these

trials generally do not serve as the “pivotal” eviden-

ce for safety and effectiveness, novel endpoints may

be explored at the discretion of the investigator.

Trial design in Phase 2 is not unlike Phase 3, except

perhaps for the use of shorter treatment intervals and
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greater use of crossover designs. It is possible to

conduct smaller Phase 2 trials (Phase 2a) or much

larger Phase 2 trials (Phase 2b) which resemble

Phase 3 trials in their scope.  Phase 2 studies are may

be designed according to the two-stage designs of

Simon [1, 2].  These are based upon deciding bet-

ween “acceptable” and “unacceptable” response pro-

portions. If the response proportion is high, i.e.

“acceptable”, then the treatment will be considered

for further study. If the response proportion is low

then the treatment will not be considered for further

study. Often these studies recruit in the region of 25-

50 patients with about 15-25 in the first stage and the

remainder in the second stage. If the proportion of

patients in the first stage responding to the therapy is

sufficiently low as to make it highly unlikely that the

proportion of patients responding is at the acceptable

level then the study is terminated early. This means

that potentially poor treatments are stopped early.  If

the proportion of patients in the first stage respon-

ding to the therapy is sufficiently high then the

second stage subjects are recruited and a decision

made at the end of the study.  As Phase 2 studies

often have a small number of patients, it is generally

best to use exact statistical methods to analyze them:

e.g. StatXact or LogXact [3]. However, several web-

based power calculation services are now routinely

available and these have aided in satisfactory clinical

trial design and data analysis.

It is possible to design Phase 2 trials taking into

account both toxicity and treatment response; for

example, using the methodology of Bryant and Day

[4]. When using this methodology, the sample sizes

will be larger because one must takes into considera-

tion two variables: safety and efficacy. Such designs

also have a mechanism for stopping the study should

toxicity prove to be too great or treatment response

be less than adequate.

• PHASE 3

Phase 3 trials provide the bulk of the “substantial

evidence” towards regulatory approval of a com-

pound. In ED, at least two such trials are usually

conducted.  These must be adequate and well-

controlled.  All Phase 3 trials in ED are randomized,

double-blinded and placebo-controlled.  They tend to

use parallel, fixed-dose arms, but are not limited to

such designs.  In fact, crossover designs or mixed

crossover-parallel designs (where crossover treat-

ment periods are built into a parallel randomization)

are possible.  However, if a crossover design is

employed, one must take into consideration the pos-

sible bias of carryover effects or sequence effects in

the design and analysis of the trial.

The Phase 3 trial duration must be long enough to

predict efficacy over a reasonable duration of use,

but not so long as to cause excessive dropout in the

placebo arm.  The treatment period in most ED trials

has been traditionally 12 weeks in duration.  There

must be some form of a baseline period to allow for

screening and baseline (pre-randomization) assess-

ments of efficacy.  During the baseline period, a cer-

tain number of attempts at sexual intercourse should

be made and in order for a given patient to be eligible

for continued participation, a certain percentage of

these should be failures.  These baseline periods tend

to be treatment-free, but some studies have used a

single-blind placebo to estimate treatment complian-

ce.  The controlled treatment period is usually follo-

wed by an open-label extension study for purposes of

collecting longer-term safety data.

The population in Phase 3 must be as broad as rea-

sonable safety permits, such that anyone who might

receive the drug after marketing was at least eligible

to receive treatment in Phase 3.  It may not be pos-

sible to conduct distinct subgroup analyses for each

of these patient types, but that should not prevent this

“open enrollment” policy.  One might exclude those

patients at the highest risk of adverse events, such as

someone who has recently suffered significant major

illness, e.g. a stroke, a myocardial infarction, or a

life-threatening arrythmia.  One might exclude

patients with very reduced drug clearance such as

those with significant renal or hepatic diseases.

Of the greatest importance in Phase 3 trials is the

choice of a reliable, validated and sensitive primary

efficacy endpoint (or endpoints) and the proper ana-

lysis of these.  In ED, a tri-partite primary endpoint

has been used with successful regulatory and clinical

outcome: the Erectile Function (EF) domain of the

International Index of Erectile Function (IIEF) and

Questions # 2 and #3 of the Sexual Encounter Profi-

le (SEP) diary.  The later two questions refer to the

per-attempt, diary-documented success in inserting

the penis into the vagina and in maintaining the erec-

tion until satisfactory completion of sexual inter-

course.  We have found the use of these three end-

points to yield easy-to-interpret results and to provi-

de reliable, reproducible clinical data.  Also, we have

found that using all three of these endpoints is sensi-

tive to small drug treatment effects but does not

exaggerate such effects.

Additional comments relevant to Phase 3 may be

226



found in the Patient Population and Outcomes

Assessments sections below.

• PHASE 4

Phase 4 studies are those conducted following mar-

keting approval.  They may be requested specifical-

ly by a regulatory agency, or may be conducted

voluntarily.  There are many reasons to conduct a

Phase 4 study. Some of these reasons include the

following: 

• To better assess safety and efficacy in a specific

subgroup, 

• To better assess a particular safety concern that

does not preclude approval, 

• To monitor for a potential risk,

• To assess the efficacy and safety of a novel clini-

cal use of an already approved product, 

• To compare the efficacy and/or safety of two

approved products, 

• To better interpret the impact on overall quality-

of-life, 

• To assess longer-term safety in controlled trials, 

• To assess patient or physician understanding of

product labeling, or compliance with labeled ins-

tructions.  

Other factors that might prompt a Phase 4 study

include health-related economic issues, such as drug

costs, overall drug benefit for overall cost, or com-

parative costs.

In ED, conduct of Phase 4 studies is not unusual.

However, because the tolerance of drug risk is fairly

low, some regulatory agencies may request that spe-

cific potential drug safety issues (for example, selec-

ted relevant drug interactions) be studied prior to

marketed approval.  Phase 4 studies intended for

marketing claims must be designed as carefully and

must be analyzed as rigorously as Phase 3 studies.

• Drug Interaction and Special Population Stu-

dies

In developing a novel drug for erectile dysfunction,

it is of utmost importance that the interaction poten-

tial of that novel compound with other clinically

relevant compounds be investigated.  We are now

fully aware that the ED population is a largely varied

group, with many middle-aged and older males who

have co-morbid medical conditions and who take

concomitant medications.  We are also now aware

that compounds for ED are potent medications which

can have adverse effects if taken with other sub-

stances.  While not all concomitantly administered

medications can (or should) be investigated, the most

relevant potential interactions ought to be assessed.

For example, if it is known that a given drug has a

potential effect upon the metabolism or excretion of

the ED investigational drug, this may be assessed by

a controlled drug-drug interaction study. An example

of this would be a drug that inhibits a cytochrome

P450 liver isoenzyme that is critical to the metabo-

lism of the particular ED drug (e.g. the inhibitory

effect of ketoconazole on the 3A4 isoenzyme may

effect the metabolism of the PDE5 inhibitors).  Or, if

the investigational drug itself effects the CYP450

isoenzymes then particular drug-drug interaction

trials may be appropriate.  These types of studies are

called “pharmacokinetic drug interaction” studies.

They seek to determine the effect of a given drug

upon the bodily exposure of the other drug, and vice

versa.  Blood concentrations of parent drug and the

major metabolite(s) are the endpoints of interest.

Safety endpoints such as vital signs and electrocar-

diograms may also be assessed concurrently in these

studies

Another type of critical drug interaction study is the

“pharmacodynamic study”.  When two drugs have

an interaction potential not related to  pharmacokine-

tic interaction, but when their combined effects are

still clinically relevant (for example, lowering of the

blood pressure or increase in the heart rate), then a

pharmacodynamic trial may be appropriate.  Some

relevant situations include the interaction between

PDE5 inhibitors and nitrate-containing medications,

or the interaction between a vasodilator for ED and

selected anti-hypertensive medications, alpha-adre-

nergic-receptor antagonists, or with alcohol.  The

endpoints of greatest interest in these trials are by

definition “pharmacodynamic” endpoints and these

can include vital signs, effects on cognition or seda-

tion, or effects on other bodily signs or symptoms.     

Finally, given the importance of the pharmacokine-

tics of the compound and the knowledge that ED

patients are often aged, and often have co-morbid

conditions that may limit renal or hepatic function, it

is crucial to understand  the safety of the compound

in special populations such as the aged, the renal-

impaired, or those with hepatic insufficiency.  Other

special populations studies may also be appropriate

and careful consideration is required in each particu-

lar circumstance. 
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Summary points:

1. GENERAL PRINCIPLES OF PATIENT

SELECTION

All clinical trials require a precise definition of

which patients are eligible for inclusion and which

patients are not eligible.

The most important underlying principle guiding this

definition is that the study population should repre-

sent the overall patient population for whom the

treatment under investigation is intended.  If the

study population is truly representative of the inten-

ded treatment population, then the results of a well-

designed controlled trial are likely to predict the

“real-world” effect.  On the contrary, if the study

population is too narrowly defined, then the trial

results may not generalize to the broader population.

Therefore, when conducting pivotal Phase 3 trials, it

is important for the investigator to define a group of

patients that will be as representative as possible of

the intended population at large.  The investigator

accomplishes this by taking into account such factors

as patient age, overall health status, concomitant

medications, previous use of medications for the

treatment of the same medical condition, and the

severity and duration of the disorder.  All of these

considerations apply in the selection of patients for

clinical trials of ED.

A second underlying principle in defining the study

population is that the disease state under investiga-

tion must be well characterized and well defined.  In

order for the results of controlled clinical trials to be

easily interpreted by practitioners, it is critical that

the entrance criteria clearly define a patient popula-

tion with well-recognized disease manifestations.

Although practitioners of clinical medicine are not

limited by the boundaries of a particular disease cate-

gory when they treat patients in the real world, the

clinical trial investigator must control these bounda-

ries relatively strictly using eligibility criteria.  This

is achieved by meticulous definition of the particular

disease, using particular signs and symptoms, and

considering symptom severity and duration.  Careful

patient selection using unambiguous inclusion and

exclusion criteria should be sufficient to delineate a

study population that is easily recognized by all

those who assess the study results.

A third principle is that a logical and reasonable

balance must be struck between the safety of the

enrolled patients and the “openness” of the entran-

ce criteria.  Specifically, the trial population should

be sufficiently broad to represent the larger group of

patients who may eventually benefit from treatment,

although it should not be so broad so as to include

patients who are at direct high risk of injury from the

study treatment or procedures.  Such balance

requires skillful selection of entry criteria which

comes only with a sound understanding of the disea-

se process, experience in the management of such

patients, and knowledge of the conduct of clinical

trials.  A corollary of this principle is that exclusion

criteria should be sufficiently strict so as to adequa-

III.  STUDY POPULATIONS

• Drug development requires a carefully pha-

sed approach.  Trials at each phase have a

different purpose and each phase helps

investigators answer a different set of ques-

tions. 

• The earliest studies of a new molecular enti-

ty are usually single and multiple-dose safe-

ty, tolerability and pharmacokinetic investi-

gations.

• The critical objective of the Phase 2 pro-

gram is to explore a wide range of doses so as

to capture the lowest effective dose, the dose

to be carried into larger Phase 3 trials, the

maximally tolerated dose and the toxic

dose(s).

• Phase 3 trials provide the bulk of the “sub-

stantial evidence” towards regulatory

approval of a compound.

• Phase 4 studies are those conducted follo-

wing marketing approval.  They may be

requested specifically by a regulatory agen-

cy, or may be conducted voluntarily.  There

are many reasons to conduct a Phase 4

study.

• Drug-drug interaction studies and studies in

special populations are critical to the overall

understanding of the safety and efficacy of a

given drug for ED.  While each particular

drug may require different studies, and

careful consideration is necessary in each

situation, it is assumed that almost all drug

development programs in ED will require at

least some of these types of investigations. 
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tely define the study population and to safeguard the

enrolled population, but should not be so strict as to

significantly impair the ability of the investigator to

recruit the necessary numbers of patients.

a) Specific study population issues in ED include

the following:

1. REPRESENTATIVE PATIENT POPULATION: The Phase 3

study population should include patients with erec-

tile dysfunction of varying aetiologies and severi-

ties.  Such patients will include those with diabetes,

atherosclerosis, hypertension, hyperlipidemia, neu-

rologic disorders, genitourinary disorders, appropria-

tely treated endocrinopathies and depression, tobac-

co use, and various psychological aetiologies.  The

practice of attempting to divide the population into

“organic” and “psychogenic” aetiologies appears to

create artificial and unrealistic subgroups.  Such a

division may reduce the overall applicability of

results.  Alternatively, it may be argued that “too

much” heterogeneity of disease can increase inter-

patient variability and may mask or obscure an

underlying treatment effect that would have been

observed in a more homogeneous population.

2. REGARDING DISEASE SEVERITY: The Phase 3 study

population should provide a representative mixture

of the various degrees of severity of erectile dys-

function, as assessed by well-validated and sensitive

instruments.  It may be argued that the inclusion of

milder forms of disease could make the demonstra-

tion of a treatment effect more difficult.  In addition,

it is also possible that patients with more severe

forms of disease may be more resistant to treatment.

Nevertheless, the principle of generalizability seems

to carry sufficient weight that it currently appears

most reasonable to recommend including the broa-

dest possible range of aetiologies and severities in

the pivotal studies.  Currently, the EF domain of the

IIEF is used to categorize disease severity.

3. REGARDING SUBGROUPS: Currently, it appears rea-

sonable to recommend the study of certain sub-

groups of patients in smaller, “special population”

trials.  These trials may include patients with more

severe dysfunctional states, patients who have

undergone radical prostatectomy, and patients with

spinal-cord injury.  It may even be reasonable to

perform separate studies in diabetics or depressed

patients.  Proponents of special population studies

argue that patient-related variability is reduced and

that the likelihood of obtaining a significant treat-

ment effect is increased.  In addition, individual

study reports may be easier to interpret.  Regardless,

such studies are capable of providing important sup-

port for the pivotal trials. With regards to the use of

PDE5 inhibitors, since the advent of sildenafil in cli-

nical use, Phase 3 trials investigating newer agents in

the same class generally exclude patients who either

had previously failed to respond to sildenafil treat-

ment or who have discontinued treatment with silde-

nafil due to poor tolerability. This so-called “sildena-

fil failures” group might also be considered a “spe-

cial” ED subgroup, appropriate for a specifically

dedicated trial. Until such time as a specific “silde-

nafil-failure” trial is conducted, it is not possible to

predict outcomes in this special population.  And, if

these trials are not direct head-to-head comparisons

using an appropriate array of doses (including a

repeated assessment of the efficacy of the “failed”

treatment), then the results should also not be used

for comparative purposes.

b) Specific study population issues in rapid ejacula-

tion (RE) include the following: 

Until very recently, the published literature for

controlled clinical trials in the field of oral drug the-

rapy for rapid ejaculation has contained fairly few

studies and even those have included small numbers

of patients.  Nevertheless, as more attention is being

focused on this area, study population criteria are

evolving.  

First, one must assure that the prospective trial parti-

cipant does indeed have rapid ejaculation and no

other co-morbid sexual dysfunction, such as ED.   It

is also generally recognized that participants in RE

trials should have RE that causes “marked personal

distress or marked interpersonal difficulties”.  Howe-

ver, quantification of this “personal distress” and

these “interpersonal difficulties” has not yet been

accomplished.  RE can be lifelong or acquired.

Regardless, for inclusion in Phase 3 trials, the condi-

tion should be both chronic in duration (at least 6

months) and recurrent in nature (occurring in the

majority of attempts over a 6-month period) for a

given patient.  There is considerable difficulty in

posing the exact definition of RE in terms of duration

of intravaginal ejaculatory latency time (IELT) or in

severity of ejaculatory control problems.  This is

related to three factors: 

1. There is a spectrum of severity of PE. Some men

ejaculate before penetration and others at a short

time after penetration.

2. There is no precise definition for what is the “nor-

mal” mean time for the ejaculation latency after

penetration.
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3. No single cut-point for intravaginal ejaculatory

latency time has been accepted as the standard

definition of “rapid ejaculation”. 

4. Patients may complain of RE because their part-

ners do not reach vaginal orgasm, yet these

patients may still have a fair amount of ejaculato-

ry control.  

Therefore, the decision as what degree of “ejaculato-

ry control” dysfunction or what exact intra-vaginal

latency time should be used as an inclusion criterion

in RE clinical trials remains to be decided.  This

decision is particularly complicated by the lack of a

validated patient-reported outcome instrument for

the study of RE.  Therefore, until such time as a vali-

dated instrument for this purpose is available and

found to be generally acceptable, specific entry cri-

teria for IELT and/or ejaculatory latency times can-

not be formally recommended.

In terms of aetiology, often no specific pathology for

RE is found.  If a reversible pathology is found (e.g.

genitourinary infection), then such patients should be

excluded.  However, if no reversible pathology is

found, these patients should not be excluded.

2. DEFINING THE DISEASE STATE AND THE

PATIENT POPULATION: PROPOSED INCLU-

SION AND EXCLUSION CRITERIA IN CLINI-

CAL TRIALS FOR ED AND FOR RE 

In this section, some inclusion and exclusion criteria

are proposed for both ED and RE.  The reader should

be aware that these are proposed criteria and these

continue to evolve:

• INCLUSION CRITERIA

Phase 3 studies in erectile dysfunction are typically

conducted in adult males, 18 years of age and older.

There are usually no upper age limitations.  In most

circumstances, males are heterosexual and have a

stable, monogamous relationship with a willing part-

ner.  The partner must agree to participate in the trial.

The patient must complain specifically of “erectile

dysfunction”; that is a consistent difficulty in achie-

ving and/or maintaining an erection sufficient for

sexual intercourse.  In general, the dysfunctional

state must negatively impact on the enjoyment or

satisfaction with the overall sexual experience.  The

duration of dysfunction is variable in different trials,

but in general, the problem should be described as a

“consistent” one rather than a “transient” one.  Cur-

rently, it appears that a duration of at least 3 months

is a generally accepted, minimum period of disease,

although it may be argued that both shorter and lon-

ger duration of dysfunction also constitute ED.

Enrolled patients must be willing to provide infor-

med consent and must be willing and able to partici-

pate in all necessary and pre-specified study proce-

dures.  In some trials, inclusion is limited to patients

with “mild to moderate erectile dysfunction”, as

assessed by standardized instruments such as the EF

domain of the IIEF.  In the design of some trials,

patients who succeed too often during a pre-specified

baseline run-in period (e.g. >75% successful

attempts) are excluded from additional study partici-

pation.

• EXCLUSION CRITERIA

In general, exclusion criteria are used to strictly defi-

ne the study population and to provide safeguards

against enrolling patients who are at inherent high risk

from study participation.  In studies of agents for the

treatment of ED, it has been customary to exclude cer-

tain patient groups.  These are shown in Table 1.

In some trials, exclusion criteria have been employed

which prevent a particularly susceptible group of

patients from being exposed to a particular physiolo-

gic response associated with treatment.  Such exclu-

sion criteria are often dependent on the proposed

mechanism of action of the drug.  For example, in

trials of potent vasodilator agents, patients with base-

line orthostatic hypotension may be excluded.  In

trials of phosphodiesterase Type 5 inhibitors,

patients using nitrate therapy are excluded due to the

drug’s enhancement of the systemic vasodilating

effect of nitrates. As previously mentioned, with the

advent in clinical practice of newer PDE5 inhibitors,

some clinical trials excluded patients who had pre-

viously failed to respond to sildenafil.  This should

be considered when extrapolating the results of a

given trial to real-world use.

Proposing eligibility criteria for RE clinical trials is

especially difficult, as a validated patient reported

outcome measure for this condition is not yet avai-

lable.  Still, some considerations follow:

• INCLUSION CRITERIA

Rapid ejaculation is usually defined as the onset of

ejaculation with minimal sexual stimulation before,

on or shortly after penetration and before the person

b) For RE:

a) For ED:
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wishes it.  The use of intravaginal ejaculatory laten-

cy time (IELT) has been suggested by several

authors as the best method to categorize the severity

of RE.  Some have postulated that an IELT of less

than 1 minute [5] or less than 2 minutes [6] could

serve as a cut-points for inclusion in a clinical trial.

At this time, no single IELT cut-point can be recom-

mended as a formal standard by this committee.

Rapid ejaculation, as defined above, should be

consistent, i.e. occurring in the majority of attempts

over the last 6 months and in the majority of eva-

luable events in a baseline run-in period (for

example, 75%).  

Patients should be involved in a stable, monogo-

mous, heterosexual relationship. Patients and part-

ners must agree to make at least a certain number of

attempts at sexual intercourse during the baseline

period and during the treatment period.  Patients and

partners must provide written informed consent and

must understand they are free to withdraw at any

time.

Concomitant erectile function should be assessed

through the use of validated questionnaires and a

clear distinction should be made between patients

with RE who are potent versus patients with RE who

also have ED.  Patients with ED should either be

excluded or should be accounted for using stratifica-

tion or pre-defined subgroup analysis.

• EXCLUSION CRITERIA

Patients with potentially reversible etiologies of

rapid ejaculation should be excluded.   Such exclu-

sion criteria might include: genital infection such as

urethro-prostatovesiculitis, major psychiatric disor-

der such as major depression or schizophrenia, or a

history of drug or alcohol abuse in the recent past.  

Patients with other forms of sexual dysfunction, such

as decreased interest in sexual intercourse (dimini-

shed libido) or erectile dysfunction (ED) should pro-

bably be excluded.  Patients with anatomical penile

abnormalities, such as a phimosis or a short frenu-

lum, should probably also be excluded.  Finally, one

might also consider excluding those with known cli-

nically significant neurological disorders associated

with RE, such as spinal cord injury or spinal cord

surgery, major pelvic injury or pelvic surgery, cere-

brovascular accident, Parkinson’s disease or severe

diabetic neuropathy.  These neurological conditions

might be particularly resistant to treatment.  

If the study medication is a selective serotonin reup-

take inhibitor (SSRI), then labeled contraindications

to the use of SSRIs (such as concomitant monoami-

ne oxidase [MAO] inhibitors) should also serve as an

exclusion criterion in these trials.  Other concomitant

drugs that might significantly alter the pharmacoki-

netics of the particular SSRI under investigation

should also be excluded in Phase 3 trials of that par-

ticular agent, pending a better understanding of its

specific metabolic profile.  Such drugs might inclu-
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Table 1. Patients Typically Excluded from Clinical Trials

of ED

1. Patients with untreated hypogonadism.

2. Patients with penile deformities such as Peyronie’s

plaques; patients with penile implants; and patients with

predispositions to priapism, such as those with sickle cell

disease, blood dyscrasias and multiple myeloma.

3. Patients with significant baseline liver dysfunction, such

as those with baseline SGOT or SGPT > 3 times the

upper limit of normal.

4. Patients with significant baseline renal dysfunction, such

as those with serum creatinine values greater than 2.5

mg/dL, those on dialysis, and those who are status post

renal transplant.

5. Patients with a history of HIV infection.

6. Patients with drug, alcohol or substance abuse within 6

months of study initiation.

7. Patients who have participated in another study for the

treatment of ED within 30 days of study initiation.

8. Patients who have partners who are nursing, or who wish

to become pregnant during the course of the study.

9. Patients who are unable to provide informed consent.

10. Patients with uncontrolled psychiatric disorders, such as

psychosis, manic depressive disorders or chronic depres-

sion.

11. Patients with uncontrolled diabetes mellitus, as eviden-

ced by  elevated hemoglobin A1c levels.

In addition, patients in whom sexual activity itself may be a

risk for cardiovascular events have been excluded from

these trials.  The specific exclusion criteria that have been

employed to remove such patients from the study population

have included:

1. Patients with unstable angina.

2. Patients with a history of myocardial infarction within 6

months of study initiation.

3. Patients with a history of life-threatening cardiac arryth-

mia within 6 months of study initiation.

4. Patients who have suffered a stroke within 6 months of

study initiation.

5. Patients with uncontrolled hypertension, for example,

those with systolic blood pressures above 170 mm Hg or

diastolic blood pressure >100 mm Hg.



de: cimetidine, phenobarbital, phenytoin, and St.

John ‘s Wort.  The particular SSRI under investiga-

tion may itself inhibit the metabolism of other drugs

and these also might be considered for exclusion

(e.g. astemizole, cisapride, terfenadine).  Finally,

other potentially confounding drugs that might be

excluded include: other SSRIs, other anti-depres-

sants, and anti-psychotics.

Other broad exclusion criteria might include:

concurrent use of other forms of RE treatment (e.g.

topical anesthetics or behavioral therapy), use of

other investigational agents, hypersensitivity to

SSRIs or the investigational product itself, and

patients or partners who may not be capable of com-

pleting the study procedures.

Finally, some partner considerations might serve as

exclusion criteria and to this end, one might consider

excluding the following: patients with partners who

exhibit a decreased interest in sexual intercourse, or

have painful intercourse, or have other disturbances

that significantly impact the sexual relationship with

the trial participant.  For example, one consideration

is whether to exclude a patient in whom the partner

has a clinically meaningful disorder of orgasm

regardless of the partner’s ejaculatory control. 

Summary Points:

The outcomes of controlled clinical trials must be

assessed using sensitive, reliable and validated ins-

truments.  Proper selection of efficacy endpoints,

especially the primary efficacy endpoint, is critical

to the success of a clinical trial. Even known effi-

cacious therapy will not be shown to be effective if

inappropriate efficacy assessment methodology is

used.  Not only must the choice of efficacy endpoints

be appropriate, but also the timing of measurement

during the trial must be carefully considered.  It is

now generally appreciated that the primary end-

points must be measured at screening, at baseline

(following a run-in period), during the course of

the treatment period, and at the end of the treat-

ment period.

For ED, these issues of trial design and procedures

and outcome assessment selection and timing have

now become fairly standardized.  On the other hand,

for rapid ejaculation (RE), we are still at a relatively

early stage of developing and selecting all outcome

measures.  Nevertheless, there does appear to be suf-

ficient current evidence that certain outcomes in RE

have utility and may be used towards drug develop-

ment.  Other potential endpoints require additional

research.  Herein, the current understanding of out-

come assessments in ED and RE are delineated.

1. OUTCOME ASSESSMENTS IN ED

The response variables for ED, or endpoints measu-

red in a clinical trial, include both physiological

measures of penile rigidity (e.g. Rigisican) and

patient-based responses to questionnaires (e.g. IIEF

or SEP).  Other endpoints include global questions in

regard to overall patient improvement while on treat-

ment, patient satisfaction with treatment, and

concurrent assessments of the partner.  The current

Phase 3 endpoints of preference are patient-reported

IV. OUTCOME ASSESSMENTS

lation prior to, on, or shortly after intromis-

sion.

• Appropriate inclusion and exclusion criteria

for RE trial participants continue to evolve.

No formal recommendation can be given for

a particular “cut-point” for intra-vaginal

ejaculatory latency time.  A validated patient

reported outcome assessment instrument

would be helpful in further defining RE

severity and developing Phase 3 entry crite-

ria.      

• In general, the study population in clinical

trials for ED should be broadly representati-

ve of the overall ED patient population.

Inclusion criteria should define the patient’s

ED as clearly as possible, and should provide

minimal duration and severity criteria.

Exclusion criteria should be sufficiently strict

so as to adequately define the study popula-

tion and to safeguard the study patients, but

not so strict as to limit broad generalizability

of study results.

• Special population studies may also be of

value in assessing the safety or efficacy of new

treatments in selected ED sub-populations.

These studies could provide valuable comple-

mentary data to the main pivotal trials. 

• Patient entry criteria for RE should at least

contain the following elements: a consistent

problem (for example, at least a certain per-

centage of attempts fail in the baseline per-

iod), a sustained problem (for example, a

majority of attempts fail in the last 6

months), a problem causing marked personal

or interpersonal distress, and finally, ejacu-
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outcomes derived from self-administered question-

naires and from per-event patient diaries. However,

each measure has advantages, disadvantages and

some place in ED clinical trials.

a) Physiological Measures

Current programs of drug development for ED conti-

nue to use physiological measures, such as the Rigis-

can, in early Phase 1 and Phase 2 studies.  These

continue to play a role as a pharmacodynamic res-

ponse variable in proof-of-concept studies.  The

Rigisican (Timm Medical Systems) is the most com-

monly used device in this regard.  It was originally

developed for the at-home non-invasive monitoring

of nocturnal penile tumescence [7].  In brief, the

device is attached to the patient’s thigh and includes

two loops which go around the penis at the base and

tip of the shaft.  Measures of radial rigidity are obtai-

ned by application of a pre-determined force to these

loops at intervals of 3 minutes, unless there is a

nominal increase in the base rigidity, which results in

more frequent intervals.  Penile tumescence is

expressed as a function of displacement when the

loop is tightened and penile rigidity is defined in

terms of percent stiffness as compared to a hard plas-

tic rod.  As noted, the Rigiscan has been used in

proof-of-concept drug trials when accompanied by

visual sexual stimulation (VSS).  This novel test has

been used in trials of intracavernosal alprostadil [8],

sildenafil [9] and sublingual apomorphine [10].

There are some obvious limitations to the Rigiscan

VSS.  One of these is the artificial and intrusive envi-

ronment required for the test.  In addition, the Rigi-

sican measures radial and not axial rigidity.  Some

argue that axial rigidity is of greater relevance for

intromission.  Others have argued that axial and

radial rigidity are functionally related and both cor-

relate moderately with intracavernous pressure. [11].

Another difficulty is in defining clinically meaning-

ful rigidity and clinically meaningful duration (time)

of erection in the Rigiscan-VSS test.  The most com-

mon definition used for clinically meaningful rigidi-

ty has been a base rigidity of 55% [12].  One inves-

tigator postulated that 5 minutes could serve as a cli-

nically meaningful duration of erection [13].  Final-

ly, there is still little overall or age-specific normati-

ve Rigisican data.  Overall, despite its limitations,

the Rigiscan VSS still has a role to play in clinical

trials for ED.                    

Other physiological measures used in drug develop-

ment programs for ED trials have included volume-

tric plethysmography and mercury-in-rubber strain

gauge plethysmography [14, 15], and ultrasound

assessments of blood flow in the cavernous arteries.

While these measures provide some information in

regard to changes in tumescence, in penile circumfe-

rence and in penile arterial inflow, they all suffer

from a lack of rigidity measurement.  Overall, these

measures may serve to support or supplement other

more clinically relevant variables directly related to

the patient experience.  It is of interest to note the

evolution in clinical trials of ED where so-called

“objective” or “physiological” response variables

have been firmly supplanted by “subjective” or

“patient-reported” outcome measures.

b) Patient-Report Measures        

Currently, the primary endpoints in most ED trials

are patient reported measures of sexual function.  In

this category, the most commonly used instruments

have been self-administered questionnaires (such as

the IIEF) and patient diaries (such as the SEP).

These are clearly the most notable patient-reported

outcomes in ED [16].  Other patient-reported res-

ponse variables include the structured interview [17],

a Global Question of symptom improvement,

various broad and specific quality-of-life (QOL) ins-

truments, and measures of satisfaction with treat-

ment.

The current gold standard questionnaire in ED cli-

nical trials is the International Index of Erectile

Function (IIEF).  It is a well-known, widely accep-

ted, and extensively validated measure of efficacy

for ED and has served successfully as the primary

endpoint in several large development programs for

drugs intended for the treatment of ED [16].  The

instrument consists of 15 items and assesses sexual

function in five domains (erectile function, orgasmic

function, sexual desire, intercourse satisfaction, and

overall satisfaction).  Average scores are calculated

for each domain.  In the regulatory setting, the 30-

point erectile function (EF) domain score has been of

paramount importance.  In addition, the 5-point

questions #3 and # 4 of the EF domain have also ser-

ved as stand-alone primary endpoints in Phase 3 cli-

nical trials for ED.  Scores on the EF domain have

been used to describe erectile dysfunction severity

and changes in the clinical status of the condition

[18].

The major benefits of the IIEF are its high degree of

reliability, as demonstrated in extensive psychome-

tric testing; its responsiveness to treatment (sensitivi-

ty and specificity); its brevity, its ease of use, its

translation and validation in multiple languages and
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its strong psychometric profile.  It may be used to

stratify baseline disease severity and to demonstrate

improvement or deterioration in disease status within

these strata.  One drawback may be a potential diffi-

culty in interpreting clinical relevance of very small

changes from baseline in individual domain scores.

Also, the questionnaire is limited to a four-week

retrospective timeframe.  Nevertheless, the IIEF is

currently widely accepted as the international stan-

dard for patient-reported assessments in ED.

Other questionnaires that have been used as respon-

se variables for ED include the Brief Sexual Func-

tion Inventory [19], the Derogatis Sexual Function

Inventory, and the Center for Marital and Sexual

Health Questionnaire (CMSH-SFQ).  In brief, each

of these have their own advantages and disadvan-

tages.  The BSFI is an 11-item questionnaire which

addresses several components of male sexual func-

tion.  It has a relative high degree of internal consis-

tency and test-retest reliability, adequate discrimi-

nant validity for three of the domains (erectile func-

tion, problems, overall satisfaction), and is fairly

easy to use.  However, the limited evaluation of erec-

tile and orgasmic function and lack of evidence for

treatment responsiveness are disadvantages.  It has

had limited utility in large-scale clinical ED trials.

The CMSH-SFQ is an 18-item self-report question-

naire.  It has had minimal use in ED trials to date.

Again, information regarding treatment responsive-

ness is lacking.  Finally, the Derogatis Inventory is a

245 item comprehensive index assessing sexual

function in ten different domains.  It has been psy-

chometrically validated.  Unfortunately, the time

required to complete the questionnaire limits its use-

fulness in large-scale Phase 3 trials for new ED treat-

ments.

Daily diaries or per-event questionnaires are

patient-reported outcome measures commonly used

in ED trials to complement and assist in the inter-

pretation of retrospective questionnaires.  These

measures, including the Sexual Encounter Profile,

have been extensively used in Phase 3 trials for ED.

The SEP is a 6-item event log.  Of greatest interest

have been questions #2 and #3 of the SEP, which

refer to the patient’s ability to insert the penis suc-

cessfully into the vagina, and to whether the erection

was sustained to completion of successful intercour-

se, respectively.  The instrument has undergone some

validation testing with a high degree of correlation

observed between erection and intercourse satisfac-

tion ratings on the SEP and the IIEF measures in ED

patients [20].

Other than the self-report questionnaire and the daily

diary, quality of life instruments have been used as

response variables in many ED trials.  While these

have routinely been tested as secondary endpoints,

they have not provided evidence that has substantial

impact on drug approval decisions.  First, most of the

broader QOL instruments seek to assess changes in

domains not entirely relevant to the broader healthy

ED population.  These include such issues as cogni-

tion and physical limitations, more relevant to a

more medically infirmed group.  Other disease-spe-

cific QOL instruments have been devised, including

the 8-item Fugl-Meyer Life Satisfaction Checklist,

the Erecile Dysfunction Inventory of Treatment

Satisfaction, and the 19-item QOL-MED.  These

continue to be examined as secondary endpoints and

despite little current impact, these may eventually

provide support for the long-term risk/benefit analy-

sis for the treatment of ED.

Finally, safety variables are of major import in ED

trials.  The need to carefully monitor and record

these variables is well known to sponsors of new

drugs, investigators, practicing clinicians and regula-

tors.  Periodic assessment of clinical adverse events

is routine in all ED trials.  In general, specific ques-

tions that attempt to prompt reporting of specific

adverse events are not used in Phase 3.  Rather, brief

open-ended questions have been used.  Controlled

trial durations of 1 and 2 years, and long-term fol-

low-up in the post-marketing period tend to allow for

a good assessment of overall clinical adverse events.

Of note, some serious or medically significant adver-

se events that occur at low frequency may require

quite large sample sizes for their capture.  One way

of managing this problem is to conduct “focused”

safety trials intended to address specific safety ques-

tions.  These might include safety trials aimed at

understanding a drug’s effect on vital signs, on

vision, on cognition, and in combination with other

drugs.

2. OUTCOME ASESSMENTS IN RE

The spectrum of ejaculatory dysfunction includes

premature (or rapid) ejaculation, retarded ejacula-

tion, retrograde ejaculation and inability to ejaculate

(anejaculation). We limit our discussion here to rapid

ejaculation (RE), as there are very limited data on

viable treatment approaches for the other ejaculatory

disorders

The Diagnostic and Statistical Manual of Mental

Disorders (DSM-IV) defines premature ejaculation

as persistent or recurrent ejaculation with minimal
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sexual stimulation, before or shortly after penetration

and before the person wishes it, which is associated

with marked distress or interpersonal difficulty.

There are many published clinical trials in the litera-

ture but these lack consistency in regard to study

populations and outcome assessments.  The previous

section in this chapter (Section III) discussed issues

specifically related to study populations.  This sec-

tion will focus on outcome assessments. 

There is an overall lack of standardized and valida-

ted instruments to assess the outcomes of clinical

trials in RE. Nevertheless, it is still possible to

recommend that controlled clinical trials for treat-

ment of RE should assess efficacy using three basic

types of efficacy outcome measures: ejaculatory

latency time, ejaculatory control and sexual satis-

faction.

a) Ejaculatory latency time (ELT): 

The ejaculatory latency time has been defined as the

time between the beginning of sexual stimulation or

vaginal penetration and ejaculation [21, 22]. ELT has

been measured during masturbation [22, 23], during

intercourse [21, 24, 25, 26, 27, 28] and during visual

sexual stimulation associated with or without vibro-

tactile stimulation [22, 23].  Intravaginal ELT (IELT)

has been estimated by the patient [22, 25, 26, 23, 29]

and/or by the partner [26] using a per-event diary or

retrospectively during periodic study visits.  In addi-

tion, IELT has also been measured by the partner

[28] or by the patient [24, 27] using a stopwatch or a

regular clock. 

The direct measurement of intravaginal ELT has

been criticized by some because it diverts attention

toward the chronometer or clock.   Such attention

to the clock could add bias to the study design, the

results may be difficult to interpret [29], and final-

ly, small increases in IELT may not lead to impro-

ved sexual satisfaction [30]. Nevertheless, objecti-

ve recording is precise and does not require estima-

tion by the patient or partner, which itself may add

bias.  In fact, IELT measured by stopwatch is usual-

ly shorter than estimated ELT [28].  

In terms of the procedures for measuring ELT, mea-

surement during intercourse, would appear to be a

very reasonable approach.  It has been reported that

most patients complaining of RE state that their ELT

on masturbation is “normal”.  It has further been

reported that there was no difference in masturbation

ELT between patients and controls [22].  Therefore,

it would seem that measuring ELT during masturba-

tion is not a reliable tool to be used in clinical trials,

except possibly as an exploratory endpoint in Phase

2 trials.  For Phase 2, it is possible that visual sexual

stimulation testing coupled with vibrotactile stimula-

tion [22] and measurement of ELT could be useful in

screening new drugs intended to treat RE.  Phase 2

studies might also include measure of IELT in a

monitored setting.

Currently, test re-test correlation for this methodolo-

gy has not been studied extensively.  However, it is

known that screening, baseline and on-treatment

IELT may differ, partly as a consequence of the stop-

watch serving as a distraction, as a negative influen-

ce, or as a disease severity “magnifier”.

Nevertheless, the objective assessment of intravagi-

nal ELT using the stopwatch methodology still

appears useful for conducting clinical trials in PE.

It is acknowledged that this method does divert the

couple’s attention to the clock.  The fundamental ele-

ments of good clinical trial design; that is double-

blinding, placebo control and randomization, should

adequately manage this bias.

There is still clearly a need to evaluate the patient’s

subjective perception of satisfaction with sexual

intercourse and control over ejaculation in clinical

trials of RE.  These two specific items are considered

fundamental to the primary assessment of drug effec-

tiveness for this condition.  Data to support these

outcomes should be derived from validated, patient-

reported outcome instruments that meet the key

requirements of responsiveness, reliability and vali-

dity

b) Ejaculatory control:

It has been reported that in men with RE, the

patient’s perceived control over the timing of ejacu-

lation is poor or absent. The patient’s own percep-

tion of ejaculatory control is considered to be an

important outcome to be assessed in a clinical trial

in RE.  However, we know of no validated instru-

ments to assess this subjective perception. In one

study, Rowland et al [22] used a ten-point scale ran-

ging from 1 (none ejaculatory control at all) to 10

(complete ejaculatory control).  A simple scale, using

a single question such as reported by Rowland,

might be a reasonable approach to measuring ejacu-

latory control.  Of course, validation research must

be conducted for such an instrument despite its assu-

med simplicity.  

c) Sexual satisfaction: 

All investigators appear to agree that satisfaction

with sexual activity is an important outcome in any

235



clinical trial in sexual dysfunction.  Clearly, the ulti-

mate test of any treatment for sexual dysfunction

and for RE in particular is if the patient and his

partner are sexually satisfied.  This is the ultimate

goal of treatment.   Again, however, there is no spe-

cific validated tool for this assessment for RE.  

Sexual satisfaction has been measured in some stu-

dies by various scales [29, 30, 31].  In 1986, Rust and

Golombok [32] published on their GRISS instrument

(the Golombok-Rust Investory of Sexual Satisfac-

tion).  This instrument has undergone some degree of

validation, although it is unclear whether it can be

recommended as a fully validated, reliable and

reproducible outcome assessment, especially for use

in RE trials.  Other investigators have used the actual

number of attempted intercourse events as indirect

evidence of sexual satisfaction [24].

Additional research is certainly indicated in develo-

ping a validated patient-reported outcome (PRO)

measure for sexual satisfaction in men with RE.

Summary points:

A clinical trial is a research study to answer specific

questions about new therapies or new ways of using

existing therapies to determine whether new drugs or

treatments are both safe and effective. Carefully

conducted clinical trials are the fastest and safest

way to find treatments that work in people. Clinical

trials are conducted according to a protocol, the

study plan on which all clinical trials are based. The

plan is carefully designed to safeguard the health of

the participants as well as answer specific research

questions. A protocol describes what types of people

may participate in the trial; the schedule of tests, pro-

cedures, medications, and dosages; and the length of

the study. While in a clinical trial, participants follo-

wing a protocol are seen regularly by the research

V. DATA ANALYSIS AND STATISTI-

CAL CONSIDERATIONS

•• There is an overall lack of standardized and

validated instruments to assess the outcomes

of clinical trials in RE. Nevertheless, it is still

possible to recommend that controlled clini-

cal trials for treatment of RE should assess

efficacy using three basic types of efficacy

outcome measures: ejaculatory latency time,

ejaculatory control and sexual satisfaction.

• The direct measurement of intravaginal

ELT has been criticized by some because it

diverts attention toward the chronometer or

clock.   Such attention to the clock could add

bias to the study design, the results may be

difficult to interpret, and finally, small

increases in IELT may not lead to improved

sexual satisfaction.  Nevertheless, the objec-

tive assessment of intravaginal ELT using

the stopwatch methodology still appears use-

ful for conducting clinical trials in PE.

• The patient’s own perception of ejaculatory

control is considered to be an important out-

come to be assessed in a clinical trial in RE.

However, we know of no validated instru-

ments to assess this subjective perception.

• The ultimate test of any treatment for RE is

if the patient and his partner are sexually

satisfied.  Again, however, there is no speci-

fic validated tool for this assessment for RE.

Additional research is certainly indicated in

developing a validated patient-reported out-

come measure for sexual satisfaction in men

with RE.

• The outcomes of controlled clinical trials must

be assessed using sensitive, reliable and vali-

dated instruments.  Proper selection of effi-

cacy end points, especially the primary effi-

cacy endpoint, is critical to the success of a

clinical trial.

• Primary endpoints should be measured at

screening, at baseline (following a run-in per-

iod), during the course of the treatment per-

iod, and at the end of the treatment period.

•• The current Phase 3 endpoints of preference

in ED are patient-reported outcomes derived

from self-administered questionnaires and

from per-event patient diaries.

• The current gold standard questionnaire in

ED clinical trials is the International Index of

Erectile Function (IIEF).  It is a well-known,

widely accepted, and extensively validated

measure of efficacy for ED and has ser-

ved successfully as the primary endpoint in

several large development programs for

drugs intended for the treatment of ED.

•• Daily diaries or per-event questionnaires are

patient-reported outcome used in ED trials to

complement and assist in the interpretation

of retrospective questionnaires.
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staff to monitor their health and to determine the

safety and effectiveness of their treatment.

Clinical trials are an important tool in developing

new, safe and effective treatments. Key features of

such trials include adequate sample size to provide

a statistically meaningful result and an appropriate

statistical analysis plan in place and appropriately

executed. When coupled with good Data Monitoring

and Quality Control, this should ensure that a clini-

cal trial demonstrates the utility, or lack of utility, of

a new treatment. 

Clinical trials are conducted in phases. The trials at

each phase have a different purpose and help scien-

tists answer different questions.  In this section,

attention will be restricted to Phase 3 clinical trials.

These will be designed and conducted according to

the most up-to-date standards of Good Clinical Prac-

tice (GCP). In particular, attention will focus on key

aspects of the designs and statistical analyses of the

data from these studies.

1. FUNDAMENTAL TRIAL DESIGN CONSIDERA-

TIONS FOR PHASE 3 STUDIES

Phase 3 studies are used to compare at least one

treatment with a placebo control group or two or

more active treatment groups with each other. While

it is now common to see Phase 3 studies arranged in

a 2 by 2 factorial design (where the objective is to

investigate the interaction between two treatments),

the classical Phase 3 study design compares one new

treatment with a placebo group.  Assignment of

patients to treatment group should be double blin-

ded wherever possible and this assignment should

always be randomized.

There are well-established statistical procedures for

the design and analysis of Phase 3 studies.  There is

no excuse for a Phase 3 study that lacks a clearly

defined protocol or analysis plan. 

2. SAMPLE SIZE CONSIDERATIONS FOR PHASE

3 TRIALS

Sample power should be calculated in advance,

using the best available estimates of the means and

variances of the primary efficacy variables, and anti-

cipated changes associated with treatment.  Sample

power for Phase 3 trials is traditionally based on esti-

mates of efficacy, not safety.  In this respect, while

studies may be adequately powered for efficacy, they

may not be adequately powered for detection of

low-frequency safety problems.  

Standard formulae are available for the computation

of sample power for a clinical trial [33].  In addition,

there are available sample size formula for many

commonly used endpoints, measurements, repeated

measures, proportions, and survival [34, 35].  Based

upon our previous experience with the PDE5 inhibi-

tors, it should now be relatively straightforward to

estimate sample size requirements for Phase 3 ED

trials.  In the design of these studies it is important

to use realistic values for the anticipated treatment

effect and standard deviation of the response mea-

sure. Many studies turn out to be underpowered

because the initial expectations about the treatment

effects were much too optimistic. One should make

every effort to ensure that the study is not underpo-

wered.

Both crossover and parallel arm design studies are of

statistical validity, as long as they are sufficiently

powered. Not surprisingly, the crossover design

requires a smaller patent population.

Some trials are designed to establish equivalence

between therapies and these require special methods

in the calculation of the power [36].  Many of these

techniques are included in good sample size calcula-

tion software such as NQuery Advisor [37]. Once

again there are several web-based power calculation

services available that are perfectly adequate.

3. STATISTICAL ANALYSIS ISSUES FOR PHASE 3

STUDIES

The analysis of Phase 3 studies should normally

adhere to the intention to treat principle so as to

minimize the effects of possible bias which can arise

when only patients who complete the study are inclu-

ded. This principle states that all randomized patients

should be included in the analysis in the group that

they are randomized to. Analyzing only the patients

who fully complete the study can induce a bias if

drop out is not completely at random.  Methods

such as carrying the last observation forward are a

simple method of adhering to the intention to treat

principle.  Alternative methods are available if study

withdrawal is not random but is associated with

treatment or disease status [38]. This general rule

regarding the intention-to-treat population should

not be applied to the assessment of adverse events,

however, where it may be preferable to report the

frequency of side effects only among those who

actually received the treatment [39].

A variety of data analytical methods have been

employed in recent ED clinical trials.  Although a
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detailed discussion of these methods is beyond the

scope of this chapter, some general comments and

recommendations can be made.  To a large degree,

the type of statistical method employed depends

upon the nature of the research design (e.g. parallel,

between-group comparisons versus counterbalanced,

crossover designs) and the response variables being

analysed (e.g. continuous vs. dichotomous

variables).

Given the large number of statistical issues and

data analysis considerations, it is essential that a

qualified biostatistician be involved in the design

and analysis of all clinical trials in ED.

Covariate adjustments or stratification techniques

can be used to control for differences between the

study groups at baseline in terms of their levels of

erectile function or other demographic characteris-

tics (e.g. age, duration of illness).  However, cova-

riance analysis should be performed only when spe-

cific statistical assumptions are met [40, 41].  In the

final efficacy analysis, a limited number of sub-

group analyses may be conducted, paying careful

attention to the potential lack of power and possibi-

lity of Type II errors associated with these analyses

[39].

Describing the magnitude of a treatment effect

involves both statistical and clinical considerations.

Effect size may be calculated using group mean

changes from baseline, using percentages of

“responders” in the active versus control groups, or

using both types of measures.  Responder analyses

involve prior definition of a response threshold or

cut-off.  For example, in a multi-centre trial of trans-

urethral alprostadil [42] a treatment responder was

defined as any individual who completed successful

sexual intercourse at least once during the study per-

iod.  It could be argued that this definition is overly

liberal, and not in keeping with current clinical crite-

ria for successful treatment.   

Unfortunately, normative population data are lac-

king to establish response criteria for adequate

sexual performance at each age group.  In the

absence of such data, continued disagreement on the

definition of a treatment responder is likely.  One

approach to the problem of describing treatment

effect in ED is to report several measures of treat-

ment efficacy, including both quantitative (e.g. num-

ber of successful intercourse attempts) and qualitati-

ve (e.g. global satisfaction) indices.  This allows for

a more comprehensive assessment of the magnitude

and consistency of treatment effects.

Finally, as has been seen in the treatment of BPH,

meta-analysis may play a role in assessing the

direction and magnitude of treatment effects over

several independent trials [43, 44].  The method

requires careful selection of trials for inclusion in the

analysis, based upon pre-determined criteria for

assessing methodological adequacy (i.e. randomisa-

tion, double-blinding).  Results from all eligible

trials should be standardised and combined accor-

ding to strict statistical rules.  An odds ratio or rela-

tive risk analysis is then performed on the resulting

data.  Relatively few meta-analyses have been used

in the analyses of clinical trial data in ED, although

this technique would appear to offer promise in

addressing certain issues.  As the number of clinical

trials of ED increases, it is anticipated that meta-ana-

lytical studies will play an increasingly important

role in the future.

Summary points:

Clinical trial designs, procedures, endpoints and ana-

lyses continue to improve in the study of male sexual

dysfunctions.  For erectile dysfunction (ED), the suc-

cessful conduct of several major drug development

programs now afford us the ability to make recom-

VI. OVERALL SUMMARY POINTS:

STANDARDS FOR CLINICAL

TRIALS

•• Due to the number of statistical and data

analysis issues, a qualified  biostatistician

should be involved in the design and analy-

sis of all clinical trials in ED.  Specific issues

include the calculation of sample power for

the trial, type of statistical model and design

to be employed, use of covariate or sub-

group analyses, and calculation of effect

sizes.

•• Describing treatment effect may be best

accomplished using multiple endpoints

including group means changes from baseli-

ne and responder analyses.  

•• There is no general agreement at present

concerning the criteria and appropriate

definition of a treatment responder.

•• Meta-analysis is a statistical procedure like-

ly to play an increasingly important role in

the clinical literature on ED as more trials

are published. 
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mendations for certain standards.  However, for

rapid ejaculation (RE), further research is required

before we can make definitive recommendations.

The following items comprise the overall summary

points from the previous chapter:

sing marked personal or interpersonal distress,

and finally, ejaculation prior to, on, or shortly

after intromission.  However, defining appro-

priate inclusion and exclusion criteria for RE

trial participants continues to evolve.  No for-

mal recommendation can be given for a parti-

cular “cut-point” for intra-vaginal ejaculatory

latency time.  A validated patient reported out-

come assessment instrument would be helpful

in further defining RE severity and developing

Phase 3 entry criteria.

The current Phase 3 endpoints of preference in

ED are patient-reported outcomes derived

from self-administered questionnaires and

from per-event patient diaries. The current

gold standard questionnaire in ED clinical

trials is the International Index of Erectile

Function (IIEF).  It is a well-known, widely

accepted, and extensively validated measure of

efficacy for ED and has served successfully as

the primary endpoint in several large develop-

ment programs for drugs intended for the

treatment of ED. Daily diaries or per-event

questionnaires are patient-reported outcomes

commonly used in ED trials to complement

and assist in the interpretation of retrospective

questionnaires.

There is an overall lack of standardized and

validated instruments to      assess the outcomes

of clinical trials in RE. Nevertheless, it is still

possible to recommend that controlled clinical

trials for treatment of RE should assess effica-

cy using three basic types of efficacy outcome

measures: ejaculatory latency time, ejaculato-

ry control and sexual satisfaction.  We know of

no validated instruments that can currently be

recommended for either the patient’s subjecti-

ve perception of ejaculatory control or for

sexual satisfaction in men with RE.  Additional

research is certainly indicated in developing

validated patient-reported outcome measures

for these response variables.

Due to the number of statistical and data ana-

lysis issues, a qualified  biostatistician should

be involved in the design and analysis of all cli-

nical trials in ED.  Specific issues include the

calculation of sample power for the trial, type

of statistical model and design to be employed,

use of covariate or sub-group analyses, and cal-

culation of effect sizes.

Drug development requires a carefully phased

approach.  Trials at each phase have a different

purpose and each phase helps investigators ans-

wer a different set of questions. The earliest

(Phase 1) studies of a new molecular entity are

usually single and multiple-dose safety, tolera-

bility and pharmacokinetic investigations.  The

critical objective of the Phase 2 program is to

explore a wide range of doses so as to capture

the lowest effective dose, the dose to be carried

into larger Phase 3 trials, the maximally tolera-

ted dose and the toxic dose(s).  Phase 3 trials

provide the bulk of the “substantial evidence”

towards regulatory approval of a compound.

Drug-drug interaction studies and studies in

special populations are critical to the overall

understanding of the safety and efficacy of a

given drug for ED.  While each particular drug

may require different studies, and careful consi-

deration is necessary in each situation, it is

assumed that almost all drug development pro-

grams in ED will require at least some of these

types of investigations.

Results of clinical studies are only interpretable

and generalizable when sensitive, reliable, vali-

dated outcome assessment instruments are

consistently used as primary efficacy endpoints

in adequate and well-controlled Phase 3 clinical

trials and when these trials are conducted in

clearly and consistently defined patient popula-

tions.

In general, the study population in clinical trials

for ED should be broadly representative of the

overall ED patient population.  Inclusion crite-

ria should define the patient’s ED as clearly as

possible, and should provide minimal duration

and severity criteria.  Exclusion criteria should

be sufficiently strict so as to adequately define

the study population and to safeguard the study

patients, but not so strict as to limit broad gene-

ralizability of study results.

Patient entry criteria for RE should at least

contain the following elements: a consistent

problem, a sustained problem, a problem cau
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Research in the area of sexual function critically

depends on research models. Investigations into the

anatomy, physiology, cell biology, biochemistry and

pharmacology of sexual function are necessary to

develop new therapies for the treatment of human

disease. Rarely can these studies be carried out in

human patients. Therefore, experimental animal

models have been developed to investigate particular

aspects of sexual function. Several factors must be

considered in the choice of a particular model.

Researchers must consider how closely the function

being studied resembles the human function, the

depth of relevant background data of that species and

physiological or behavioral system, whether the

method can be standardized and quantified, the tech-

nical feasibility of the model, and cost. Often, some

compromises must be made with respect to these and

other factors. For example, the non-human primate

penis may more closely model the human penis for

the purposes of studying erectile function. However,

cost and animal welfare considerations present major

barriers to widespread use of non-human primate

models. Rodent models are the most commonly

used, largely driven by practical concerns and the

huge literature on rodent biology.

It is especially important that researchers choosing to

adopt an experimental approach be aware that any

given model has strengths and limitations. Some

aspects of the model may closely mimic human phy-

siology, while others show significant variance. Fur-

ther, sexual responses are complex, coordinated

functions and it is rare that an experimental model

has all components of the function. A particularly

complex function, such as ejaculation, is extremely

difficult to study in its entirety. A common approach

is to study individual components separately. 

In this review, the most commonly used models for

the study of sexual function are described. The focus

is on the technical aspects of the models, not the fin-

dings generated using these models. The strengths

and limitations of each model are detailed. We also

identify aspects of sexual function for which adequa-

te experimental models do not exist. Highlighting

these gaps will hopefully stimulate researchers to

seek new methods for these areas of investigation.

1. PRESSURE RECORDING IN THE CORPUS

CAVERNOSUM

Penile erection is one physiological event of male

sexual behavior that, in some aspects, may be consi-

dered comparable between mammals [1] The organi-

zation of the central and peripheral nervous systems

that innervate the penile vasculature and adjoining

structures, has been extensively studied in many

mammals. Regulatory mechanisms of the erectile

smooth muscle from different species are similar to

those of human erectile tissues [2-6] 

Invasive techniques to measure intracavernous pres-

sure (ICP) provide means for direct estimations of

central nervous, or peripheral autonomic or somatic

neuronal regulatory mechanisms of erection during

various contexts. Thus, copulatory or non-contact

erections [7, 8], erectile responses induced by activa-

tion of neuronal structures [9-13] or the impact on

ICP by systemic or targeted pharmacological inter-

vention [14-18] can be evaluated. Analyses of resting
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ICP, duration and amplitude of increases in ICP

during an erectile response, rate of increase or

decrease in ICP during tumescence and detumescen-

ce, and area under the ICP curve, are all measures

used to quantify effects of any selected regulatory

mechanism of erectile function [19]. Measurement

of ICP during stimulation of peripheral nerves, with

or without pharmacological modulation of inter- or

intracellular signaling mechanisms in the erectile tis-

sue, are commonly described techniques used to

study efferent and afferent neuronal pathways invol-

ved in the regulation of penile erection [20].

Due to larger anatomical dimensions, animals such

as canine or primate breeds have traditionally been

used to determine the hemodynamics of penile erec-

tion and to record intracavernous pressures during

activation of nerves or after administration of phar-

macological agents [9, 10, 14, 21-27]. Rats, in many

laboratories, have become preferred models for the

study of erectile function and dysfunction due to

manageable costs of maintenance and convenient

handling procedures [28-30]. In vivo rodent models

for measurement of ICP in the crus of the corpus

cavernosum or in the cavernous body of the penile

shaft, have been characterized [8, 11, 12, 15, 16, 31-

35]. The lifespan of rats allows for studies of erecti-

le function during physiological aging and characte-

rization of several disease models that resemble

pathological states in humans. These factors make

this species of interest for investigations of erectile

dysfunction [28, 36]. Molecular or gene-based tech-

niques are available and can be used in rats or mice

to study erectile function or ED under experimental

conditions [29, 37-39].

Whereas numerous investigations in ICP registration

models have contributed with substantial amounts of

information on the peripheral autonomic control of

penile erection, less is known of the neurophysiolo-

gy and pharmacology of supraspinal and spinal regu-

latory mechanisms of erectile events [4-6, 20].

During simultaneous registration of ICP, specific

techniques for stimulation or administration of drugs

at selected areas in the brain or at segments of the

spinal cord are available [13, 17, 18, 40-42]. In com-

bination with surgical disruption or pharmacological

modification of central or peripheral signaling path-

ways, the effect on ICP by activities in supraspinal

and spinal functional units or specific transmitter

systems can be recorded [16, 17, 42]. 

Most non-behavioral investigations of supraspinal

and spinal control of erection are performed in anes-

thetized ICP registration models. Various anesthetic

agents are presumed to exert part of their effects by

destabilizing neuronal membranes and / or by inter-

fering with transmitter systems [43], some of which

are evidenced or suggested involved in central ner-

vous regulatory mechanisms of penile erection [6].

Reduction in systemic arterial blood pressure and

effect on visceral reflex responses induced by anes-

thetic agents may also indirectly influence erectile

responses. Awake ICP registration models must the-

refore be considered as additional methods to study

supraspinal and spinal regulatory functions of penile

erection induced by physiological stimuli or pharma-

cological agents acting at central sites. Procedures to

measure ICP in conscious individuals have been cha-

racterized and offer means for direct registration of

pressure in the corpus cavernosum and data acquisi-

tion through directly connected or telemetric

modules [7, 8, 16, 19]. Differences in the characte-

ristics of the recorded ICP patterns in rat models,

mainly with substantially higher peak pressure

values during telemetric recording of apomorphine-

induced erections, may represent differences in tech-

nical approach, and suggest further comparisons of

the awake and anesthetized methods.

Measurement of ICP is typically performed by inser-

ting a hypodermic needle into the body or the crus of

the corpus cavernosum. The needle is connected to

tubing filled with heparinized saline to prevent clot-

ting. The tubing is attached to a calibrated strain

gauge whose output is fed to computerized data

acquisition systems or standard chart recorder. A

catheter is also placed into an artery in order to mea-

sure systemic blood pressure (BP). The data are

usually presented as the ratio of ICP over BP. This

procedure is necessary because ICP is dependent on

both penile vascular mechanisms as well as systemic

hemodynamics. The ratio provides a measure that

largely reflects penile mechanisms (Figure 1).

2. MEASURING INTRACAVERNOUS PRESSURE

DURING EX-COPULA ERECTILE RESPONSE

These erectile contexts mainly evaluate the frequen-

cy of the erectile responses. However, erectile dys-

function of the human male is defined as the inabili-

ty to achieve and maintain penile rigidity. In other

words, ED is loss of the quality of erection. Therefo-

re, we should evaluate these erectile responses from

the aspect of the quality of the erectile response. Giu-

liano and Sachs monitored intracavernous pressure

with a telemetric recording system [8]. Andersson et

al. also measured ICP following subcutaneous injec-

tion of apomorphine in the awake condition [16].
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They clearly demonstrated that ICP increases of

reflexive erection, noncontact erection, apomorphine

induced-erection and copulation showed similar pat-

terns. Using these models, it is possible to evaluate

their amplitude (ICP) as the quality of the erectile

response and to do quantitative analysis of plateau

and peak phases separately  (Figure 2).  

3. STIMULATION OF THE CAVERNOUS NERVE

The vasodilatory innervation of the penis is

conveyed by the cavernous nerve [3]. The ICP res-

ponse to electrical stimulation provides information

on the smooth muscle relaxation and nitrergic inner-

vation in the penis. Investigation of penile hemody-

namics, synaptic mechanisms, the biochemistry of

smooth muscle relaxation and penile pharmacology

have been investigated using stimulation of the

cavernous nerve [14, 15, 21, 24]. For pharmacologi-

cal studies, a common approach is to construct a

curve of the peak ICP/BP ratio achieved at a range of

stimulation frequencies or intensities. A shift of this

curve, or change in the maximal pressure ratio indi-

cates the effect of pharmacological agents on penile

erections (Figure 3).

4. STIMULATION OF THE DORSAL NERVE OF

THE PENIS

The dorsal nerve of the penis (DNP), which carries

the somatic sensory information of the glans and the

penile skin, constitutes the afferent limb of two neu-

rologically distinct responses: erection and ejacula-

tion [3, 44, 45]. Stimulation of the DNP thus pro-

vides a means of assessing the reflex pathways

underlying sexual responses. The DNP is constituted

by Ad and C sensitive fibers [44], and by few sym-

pathetic postganglionic fibers. These sympathetic

fibers have been proposed to be involved in the vaso-

motor control of the penile skin [45] and may provi-

de a major vasoconstrictor input for detumescence

[5, 12]; alternatively, they could modulate the sensi-

tivity of penile afferent receptors [3]. Lastly, the pre-

sence of a central reflex from the DNP to the lumbar

sympathetic chain has been described [46]. 
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Figure 1: Experimental arrangement for the recording of ICP and electrical stimulation of the cavernous nerve. The rat is

anesthetized and a midline incision is made to expose the major pelvic ganglion and cavernous nerve on the lateral surface

of the prostate. The jugular vein is cannulated for infusion of drugs. The carotid artery is cannulated for measurement of arte-

rial pressure. Two needles are inserted into the corpora cavernosa for recording ICP and intracavernous injection of drugs.

Pressure measurements are recorded by a computerized data acquisition system. From Rehman et al., 1998 [15].



In the rat the DNP cellular bodies have been locali-

zed, by axonal tracing techniques [44], in the L6 dor-

sal root ganglion. A striking sexual dimorphism is

here present, with a number of cellular bodies in the

male rat that almost doubles that of the female [3,

45]. DNP rat fibers terminate in the spinal cord both

in the medial dorsal horn and in the dorsal commis-

sure, with bilateral projections [44, 45]. In particular,

it has been shown a direct contact between DNP affe-

rent projections and both cellular bodies and den-

drites of motoneurons, innervating the perineal stria-

ted musculature [44]. Accordingly, a regulatory role

of DNP fibers over motoneurons involved in somatic

aspects of sexual reflexes has been postulated [44].

Furthermore, DNP terminal fibers extend to the pos-

terior grey commissure in close proximity to den-

drites of preganglionic parasympathetic neurons

[47]; this would represent the morphologic substrate

for pudendo-parasympathetic reflexes [44]. 

DNP stimulation has provided electrophysiological

evidence for a relationship between the sensory input

from the penis and efferent pathways to the penis in

the rat [31]. Electrical DNP stimulation evoked long

latency (40-150 msec) reflex discharges in postgan-

glionic axons, passing from the major pelvic gan-

glion into the penile nerves. These reflexes were

obtained both in normal and in spinal (T8 spinal cord

transection) rats, and were blocked by transection of

the pelvic nerves; accordingly, it was concluded that

they were mediated by a spinal reflex pathway and

efferent neurons in the sacral parasympathetic auto-

nomic outflow. Furthermore, the long reflex latency

indicated that a polysynaptic spinal reflex arch was

involved. In the same study, it was observed that

246

Figure 2: Intracavernous pressure increases in response to cavernous nerve stimulation (left) and systemic apomorphine

(right). Various parameters of ICP measurement are shown. The time to erection (T1) and detumescence time  (T2) are shown,

along with the respective pressure differences. The plateau pressure is the difference between basal and steady state pressure

during stimulation. Peak pressure is the maximal pressure increase seen. The area under the curve (AUC) is the product of

the pressure increase and duration of the erectile response. Figure courtesy of Petter Hedlund.

Figure 3: ICP increases due to cavernous nerve stimulation. The left panel shows a typical trial with both arterial and intra-

cavernous pressure. The left panel shows the dependence of ICP increases on stimulation intensity. Similar curves can be

constructed with stimulation frequency. Figure courtesy of Trinity Bivalacqua.



DNP stimulation elicited a spinally mediated respon-

se in the hypogastric nerve.

DNP has also been used to induce both reflex tonic

erections of the penile body, and reflex ejaculatory

responses, in acutely spinal transected rats (T8-T9

level) [11, 48] (Figure 4).  

5. TONIC DESCENDING INHIBITION ON SEXUAL

REFLEXES

The need for a complete spinal transection at a tho-

racic level in order to easily evoke ex-copula sexual

reflexes, long suggested the presence of a tonic des-

cending inhibitory activity arising from supraspinal

sites, and projecting to lumbosacral centers [49]. The

anatomic site responsible for such tonic inhibitory

action on sexual reflexes has following been identi-

fied in the rostral pole of the paragigantocellular reti-

cular nucleus, bilaterally located in the oblongata

[50]. This area directly projects to pudendal moto-

neurons and to interneuronal areas of the lumbosa-

cral cord; the medullary lesion required to free

sexual reflexes must accordingly be under this inhi-

bitory center, bilaterally [50]. Thus, transection of

the spinal cord prior to experiments facilitates spinal

erectile reflexes by removing this descending inhibi-

tion. Of course, spinal transection precludes exami-

nation of supraspinal mechanisms in sexual res-

ponses or pharmacological studies. Experimental

design requires careful consideration of these fac-

tors.

6. CENTRALLY EVOKED ERECTILE RESPONSES

The physiological process of achieving penile erec-

tion is dependent on both the peripheral nervous sys-

tem and the central nervous system (CNS) activa-

tion. Thus, centrally evoked penile erection has pro-

vided new information on central mechanisms invol-

ved in the physiology of penile erection. As a result

of these investigations, drugs acting at the central

nervous system level are a promising therapeutic tar-

get for ED. As an experimental tool, central stimula-

tion methods may elicit penile erection through an

activation of wider physiological neural pathway

than the cavernous nerve stimulation alone. Central-

ly evoked penile erection may provide a more phy-

siological and integrated erectile response than per-

ipheral stimulation alone. This method allows for the

identification of CNS sites involved in the control of

sexual function and potential pharmacological tar-

gets. Centrally evoked erection may be elicited by

electrical, pharmacological and psychological stimu-

lation. 

Typical procedures for these studies use anesthetized

rats. However, it is possible to use this technique in

awake, behaving animals. Under anesthesia, he ani-

mal’s head is mounted in a stereotaxic frame that

provides a coordinate system to locate specific brain

areas. Small holes are drilled into the skull for place-

ment of electrodes for electrical stimulation, or

micropipettes or hypodermic tubing for the adminis-

tration of drugs. Physiological recordings of ICP and

blood pressure are taken during the stimulation. In

addition, recordings of peripheral nerve, skeletal

muscle activation or other physiological responses

may be performed. Following the end of the experi-

ment, the brain is removed and sectioned for histolo-

gical verification of stimulation sites. For adminis-

tration of precise quantities of drugs, experimenters

have used microliter syringes. These can be mounted

directly in the stereotaxic microdrive and inserted

into the brain, or be connected by tubing to an

implanted hypodermic needle. The latter method

allows the use of precise syringe pumps for conti-

nuous infusion. Another method is to use micropi-

pettes filled with the drug solution. The drug is injec-

ted into the brain by attaching tubing to the end of

the micropipette and applying precise pulses of pres-

surized nitrogen. Visualization of the fluid level in

the micropipette with a calibrated microscope allows

precise injection volumes in the low nanoliter range

[51]. Similar methods can be used in awake beha-

ving animals. The hypodermic needle or micropipet-

te is inserted under anesthesia as described. It is then
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Figure 4: ICP increases due to DNP stimulation showing

correlation between BS muscle EMG activity and intraca-

vernosal pressure recording in a rat exhibiting BS muscle

activity, flips, ejaculations and tonic erections of penile

body, upon DNP electrical stimulation. High voltage spikes

are constantly associated with flips; early and delayed flips

are accordingly observed. From Pescatori et al., 1993 [11].



glued in place to the skull with dental acrylic. After

a suitable recovery period, tubing is attached to the

needle or micropipette and connected to a syringe or

pressure device outside the cage. In this way, the

effects of drugs on behavior can be examined.

7. ELECTRICAL STIMULATION OF THE CNS

The hypothalamus is one of the most important areas

modulating male sexual behavior in the CNS.

Although numerous studies have indicated important

roles of the hypothalamus in sexual motivation and

performance, its precise roles in integrating penile

erection are still unclear. In this regard, electrical sti-

mulation of the medial preoptic area (MPOA) and

paraventricular nucleus (PVN) has been performed

and two distinct patterns of penile erectile responses

have been separately described following hypothala-

mic stimulation. PVN and MPOA-stimulated ICP

responses exhibited a stable plateau of ICP pressure

increase during the stimulation period without

contraction of striated penile muscles. [42, 52]

However, some hypothalamic stimulations resulted

in rhythmic ICP response, which were observed after

stimulation, were lower, more variable, and accom-

panied by significant amplitude variations (“spiky

peaks”), due to contraction of striated penile

muscles. The latter response more closely resembles

ejaculation. The explanation of these two responses

is unclear, but may be related to site of stimulation

[53]. 

Bilateral transection of the CN ablated these ICP res-

ponses but did not alter striated muscle contraction

[54]. Thus, these centrally evoked erectile responses

were induced through activation of the cavernous

nerve (CN) that is known to be a critical pathway

responsible for smooth muscle relaxation and penile

erection. Histological studies have clearly demons-

trated that there are three projections from the

MPOA 1. periventricular, 2. medial forebrain bundle

(MFB), and 3. dorsolateral pathway. The anterior

hypothalamic area sent fibers through the MFB path-

way. Neural fibers from the posterior hypothalamic

area go through the periventricular pathway. These

data imply that the MPOA and PVN may send effe-

rent fibers through different pathways, furthermore,

activation of such different pathway might produce

distinct response patterns [53] (Figure 5).

Pharmacological agents induce penile erection

through diverse administration methods. Those are

systemic (i.e. subcutaneous or intravenous injection)

and local (intracavernous, intracerebral and intrathe-

cal injection) administrations. Local administration

can be used to identify the site of action of a drug.

Centrally evoked erectile responses by pharmacolo-

gical stimulation are evaluated by measuring fre-

quency of ex-copula penile erection and ICP during

erectile response.

An example of the use of pharmacological stimula-

tion is the investigations with apomorphine. Apo-

morphine is a non-selective D1/D2 receptor agonist

with more potent D2-than D1- like activity. Apomor-

phine given subcutaneously (s.c.), induces penile

erection in rats through activation of the central ner-

vous system. The responsible brain area is thought to

be the PVN in the hypothalamus, based upon

microinjection in this area [55-57]. Recent work sug-

gested that apomorphine affect may also exert an

effect at the spinal level [58]. 

Following subcutaneous injection of apomorphine,

erectile responses of rats are observed in freely

moving conditions. With penile erection, yawning is

observed simultaneously. In general, numbers of this

so-called yawn-erection response are counted as an

evaluation item. Telemetry models [8, 16] are able to

monitor intracavernous pressure in conscious and

freely moving conditions. This model can provide us

not only frequency but also amplitude of erectile res-

ponse following administration of apomorphine. 

1. LOCAL ADMINISTRATION OF DRUGS

(MICROINJECTION) 

Microinjection of drugs into the CNS is a means of

demonstrating the role of a particular neurotransmit-

II. PHARMACOLOGICAL

STIMULATION
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Figure 5: ICP, cavernous nerve activity, blood pressure

(BP) and bulbocavernosus activity in response to electrical

stimulation of the paraventricular nucleus of the hypotha-

lamus (PVN). During PVN stimulation, there is an increa-

se in cavernous nerve activity and ICP. Figure courtesy of

Kevin McKenna



ter system in specific brain regions. Following direct

injections of various centrally acting drugs to the

MPOA and PVN, ex-copula penile erection and

changes of ICP were observed. The injection of apo-

morphine and dopamine antagonist into the MPOA

facilitated and decreased penile erection respective-

ly. The injection of L-glutamate, an excitatory amino

acid into the MPOA elicited an increase in ICP. In the

PVN, microinjections of oxytocinergic agonists, NO

donors, D2 receptor agonists, excitatory amino acids

and a variety of other agents, facilitated penile erec-

tions [55, 59, 60]. These animal models provided us

with much information about central pharmacology

on penile erection and copulatory behaviors. 

2. INTRATHECAL ADMINISTRATION OF DRUGS

The role of neurotransmitter systems can be studied

by means of intrathecal administration of drugs. Ani-

mals are anesthetized and the head placed in a ste-

reotaxic device. The head is flexed forward and the

atlanto-occipital membrane at the base of the skull is

identified by dissection. A small incision is made in

the membrane and a fine catheter is threaded down

the spinal column until the tip reaches the target spi-

nal segment. The experiment can then be performed

immediately, or the catheter can be secured by sutu-

re or cement and the animal allowed to recover from

anesthesia and surgery for use in awake, behaving

experiments. Many previous studies have suggested

the importance of spinal control on modulating peni-

le erection and sexual behaviors. For example, stu-

dies involving the intrathecal administration of oxy-

tocinergic agents have identified a proerectile role

for this neurotransmitter [61, 62]. And a recent report

showed that intrathecal administration of the apo-

morphine evoked penile erection in both normal and

spinalized rats [58]. Intrathecal administration of NO

donor and NOS inhibitor increased and decreased the

MPOA-stimulated ICP response respectively [17].

Such studies indicate that monitoring of erectile res-

ponses following intrathecal administration is a use-

ful tool for investigation of spinal control for penile

erection.

Manual stimulation of the penis is widely used to

evoke penile erection. However, tactile stimulation

of the penis in rats and other rodents tends to inhibit

erection. A reflexive erection model without manual

stimulation was developed in rats [75]. Reflexive

erections are elicited by retraction of the penile shea-

th. Rats are fixed in the supine position. The glans

penis is extruded from the sheath and maintained in

that position with light pressure at the base of the

sheath. In this condition, male animals show phasic

erectile responses. Reflexive erections are classified

into glans erections and penile body erections («flip»).

The glans erections are further classified into three

categories; E1, engorgement of the proximal glans

only, E2, distention of the distal glans, and E3, flaring

of the distal glans («cup»). Flip is defined as dorsi-

flexion of the penile body. The number of erections,

cups, flips, penile response clusters (consecutive res-

ponses) and latency from retraction to the first respon-

se are usually measured and evaluated [63]. 

Ex copula erections are generated by spinal reflex

mechanisms and modulated by supraspinal control.

The oxytocinergic and nitric oxide (NO) systems in

the PVN may modulate reflexive erections and non-

contact erections [6. 55, 56]. Facilitative actions of

dopamine in the MPOA on the penile reflex have

also been reported [6, 57]. The MPOA-dopamine

pathway is partly responsible for this type of erection

through PVN activation. 

A model has been presented for studying sexual

reflexes in anesthetized male and female rats [48]. In

urethane anesthetized, acutely spinalized rats, com-

plex coordinated sexual responses can be elicited by

a variety of pelvic stimuli, including stimulation of

the dorsal nerve of the penis. It was shown that ure-

thral distension is a quantitative and highly reprodu-

cible stimulus. Hence, this response has been refer-

red to as the urethrogenital (UG) reflex). In male

rats, the UG reflex consists of clonic contractions of

the perineal muscles, rhythmic firing in the caver-

nous nerve, penile erections and ejaculation. Thus,

this reflex has been viewed as a model for both peni-

le erection and ejaculatory reflexes. The perineal

muscles were all activated simultaneously, as is seen

in human climax [64, 66] and in rats during copula-

tion [66]. These perineal muscle contractions resul-

ted in phasic penile erections. The somatic muscle

bursts were synchronized with bursts in the caver-

nous nerve, driven by both pelvic (parasympathetic)

and hypogastric (sympathetic) nerve bursting. This

reflex can only be evoked from male animals that

have high spinal transections or lesions in certain

brain areas. A group of neurons in the paragiganto-

cellular reticular nucleus in the brainstem have been

IV. URETHROGENITAL REFLEX 

III. EX COPULA ERECTION
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identified as a source of descending inhibitory

effects on spinal sexual reflexes in this animal model

[50]. This model has been used for studying brains-

tem and hypothalamic control of sexual reflexes,

pharmacological modulation and identification of

spinal ejaculatory pattern generators [50, 52, 67- 71]

(Figure 6) 

The penile reflex, which is a spinal level reflex, is

under the control of supraspinal regulation. Non-

contact erections may be evoked by the presence of

an estrous female, and must be centrally mediated

[72]. Long-Evans rats are used in this behavioral test.

Non-contact erection tests are performed in an obser-

vation box that is separated into two halves by a

screen divider. The test is started by placing a male

rat in one side and an estrous female rat on the other

side. The numbers of erections are measured during

the observation period. This non-contact erection has

been shown to be dependent on olfactory cues from

the female. Since this response is mediated by fore-

brain centers and is not due to tactile reflexive

mechanisms, it has been proposed as a model to

study centrally driven reflexes, analogous to psycho-

genic erections. 

Ejaculation is a highly complex, tightly coordinated

function with many components. It consists of two

main phases, the emission phase and the expulsion

phase [73]. The emission phase consists of several

individual actions: Contraction of the bladder neck

and contraction of the external sphincter. These two

actions serve to create a closed space in the prostatic

urethra. The contraction of the bladder neck also pre-

vents retrograde ejaculation of seminal fluid into the

bladder. The emission phase also consists of ductus

deferens contraction for transport of sperm into the

urethra, and contraction of the accessory sex gland

smooth muscle, which leads to emission of seminal

fluid into the urethra. All of these aspects of the

emission phase may be reflexly elicited by physiolo-

gical or electrical stimulation of the dorsal nerve of

the penis [74]. The expulsion phase consists of high-

ly regular rhythmic contraction and relaxation of

striated and smooth muscles. Studies in experimental

animals and spinal cord injured human patients have

demonstrated that the entire ejaculatory response is

generated within the spinal cord by reflexive mecha-

nisms [75,48]. The spinal neurons required to gene-

rate ejaculation have recently been identified [76].

The spinal reflexive mechanisms are under excitato-

ry and inhibitory control from supraspinal sites [77].

From an experimental point of view, the study of eja-

culation is extremely difficult because of its com-

plexity. No model currently exists in which all com-

ponents are both present and measurable. Ejaculation

in awake, behaving animals can be observed in copu-

latory tests. However, the neural and physiological

mechanisms involved are very difficult to measure in

such cases and invasive interventions are also pro-

blematic. In anesthetized animals, it is not currently

possible to elicit all components of ejaculation.

However, Pescatori et al. [11] described the possible

occurrence of relatively complete reflex ejaculations

in acute spinal rats following DNP electrical stimu-

lation. When occurring, ejaculations were constantly

associated with flips and with EMG spikes of bul-

bospongiosus muscle activity. Ejaculated material

consisted of few drops of whitish fluid, forcefully

expelled, containing spermatozoa; on occasion a

seminal plug was observed. For this reason, indivi-

dual components are studied. For example, the reflex

closure of the external urethral sphincter and bladder

neck can be studied. Secretion of fluids from the

accessory sex glands can be produced by stimulation

of peripheral nerves or pharmacological administra-

tion. 

1. COPULATORY EJACULATION

Ejaculation can be identified in copulatory testing in

experimental animals. In particular, copulatory beha-

VI. EJACULATION

V. NON-CONTACT ERECTION
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Figure 6: Bulbospongiosus muscle activity during two suc-

cessive urethrogenital reflexes. Mechanical stimulation of

the urethra  resulted in the striated muscle ejaculatory

motor pattern. Note the extremely rhythmic bursting activi-

ty in the muscle. The response can be elicited repeatedly.

From McKenna et al., 1991 [48].



vior in rodents is highly stereotyped. In rats, ejacula-

tion is readily identified by a prolonged intromission

with deeper thrusting. After this, the male generally

grooms his genitals and ceases sexual behavior for a

period of several minutes (postejaculatory interval,

PEI). Note that ejaculation in this case is defined

behaviorally. True ejaculation, that is, expulsion of

semen can be verified by the presence of a seminal

plug in the vagina. This is not practical in all experi-

mental situations. In “normal” copulatory situations,

the behavioral pattern and seminal expulsion are clo-

sely linked. However, in certain situations, after

brain lesions and stimulation, pathological models,

or with the administration of drugs, the behavioral

pattern and seminal expulsion may be disconnected.

In these situations, experimenters need to be explicit

about the measures being employed.

2. ELECTROEJACULATION AND EJACULATORY

REFLEXES

Ejaculation can be induced in man and experimental

animals by means of electroejaculation. Typically, a

probe containing electrodes is inserted into the rec-

tum. Powerful electrical stimulation induces ejacula-

tion. This method is used clinically for the collection

of sperm in patients who are unable to ejaculate, for

example spinal cord injured patients [78]. This tech-

nique can be used in experimental animals for the

collection of sperm or to study ejaculation. [79, 80]

The mechanism by which rectal electrical stimula-

tion induces ejaculation is unknown. The technique

can be used in anesthetized or unanesthetized sub-

jects. This method may be used to examine pharma-

cological modulation of ejaculation.

3. SEMINAL TRACT CONTRACTION

Ejaculation can be studied by examining individual

components of ejaculation. For example, smooth

muscle contraction in the seminal tract can be stu-

died in a variety of preparations. The contraction of

the vas deferens in vitro has been one of the most

common preparations for studying the pharmacology

of smooth muscle. More relevant to the study of eja-

culation, seminal vesicle pressure has been measured

during copulation and in anesthetized animals follo-

wing peripheral nerve stimulation and pharmacolo-

gical treatment [81-82] Seminal emission and

contraction of the vas deferens was elicited by sti-

mulation of the dorsal nerve of the penis [74] Both

sympathetic and parasympathetic efferents participa-

te in vas contractions. In copulation in the rabbit and

rat, contractions of the seminal vesicles have been

recorded which are elicited 100 to 300 msec after

intromission. Presumably, these contractions were

activated by penile stimulation [83-84].

In both anesthetized and unanesthetized animals, the

technique is similar. A small incision is made in the

apex of the seminal vesicle. A catheter is inserted

into the lumen and sutured in place. The catheter is

connected to a pressure transducer. Between trials, it

is often necessary to flush the catheter with saline to

prevent clogging by coagulated seminal vesicle

fluid. 

4. BLADDER NECK PRESSURE

Bladder neck pressure increases are an essential

component to prevent retrograde ejaculation. In the

human, bladder neck pressure during ejaculation has

been measured at 500 cm of water [85] This can be

measured in anesthetized animals by tying in place a

catheter connected to a pressure transducer. Pressure

increases in response to peripheral nerve stimulation

and pharmacological administration can be measu-

red with this method.

5. SEMINAL EMISSION

Seminal emission can be measured similar to the

methods for recording seminal tract contractions.

One method involves placing a catheter into the

prostatic urethra. The bladder, vas deferens and

seminal vesicle are tied off. The urethra is tied

around the catheter. Prostatic secretion thus has no

outlet except through the catheter. The rate and volu-

me of prostatic secretion can be measured by mar-

king the movement of fluid within the catheter,

which has a known internal diameter. The fluid can

be collected for biochemical measurements to deter-

mine its composition. Prostatic secretion in response

to electrical stimulation of peripheral nerves and

drug administration has been measured using this

method [86]. Prostatic contractions have also been

measured using a video measurement system [87].

6. STRIATED MUSCLE CONTRACTION

The expulsion phase of ejaculation is the product of

clonic contractions of the striated perineal muscles,

which is under somatic control, namely the pudendal

nerve. In the rat, striated muscles innervated by the

pudendal nerve are the external anal sphincter, exter-

nal urethral sphincter, coccygeus, internal obturator,

ischiocavernosus (IC) and bulbospongiosus (BC)

muscles, being the rat homologue of human bulbo-

cavernosus muscle [45, 88]. The activity of these
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muscles during ejaculation can be recorded in copu-

latory tests or in anesthetized animals using the ure-

throgenital reflex described above.

Retrograde axonal tracing techniques applied to the

motor branch of the rat pudendal nerve shown that it

leaves the spinal cord at the L5-L6 level [45], while

a more recent electrophysiological study reports L6-

S1 [88]. Furthermore, the cellular bodies of the

pudendal nerve motoneurons have been identified in

two interconnected spinal cord nuclei: the dorsolate-

ral and the dorsomedial, that accordingly constitute

the rat equivalent of the human Onuf nucleus [45]. 

In the rat the role of the perineal striated muscles in

the ejaculatory reflex has been evaluated by several

approaches, that include copulatory/ex-copula obser-

vations, electroejaculation, and reflex events [48,

11], described elsewhere in this chapter. What will

follow are the distinct roles of IC and BS, as eluci-

dated by electromyography and surgical excision

studies.

a) IC muscle  

IC is instrumental in producing glans dosiflexions

(“flips”), that straighten the rat penis, rendering it

suitable for penetration (10-12). Mounts without

intromission are accompanied by either strong IC

activity with little or no proximal BS activity, or

strong proximal BS activity preceding the onset of

IC activity. During intromission patterns, IC activity

reliably precedes proximal BS activity (13). The IC

is activated rhythmically during ejaculation

b) BS muscle 

BS is particularly active in “cups”, in ejaculate emis-

sion and in properly placing ejaculate into the fema-

le cervix. In particular, in copulation and reflexive

erection settings, Ejaculations were accompanied by

stronger proximal BS activity than were other copu-

latory events, and were followed by a series of proxi-

mal BS and IC bursts lasting for 10-20 seconds  [89].

BS ablation results in abnormal ejaculation, leading

to a decrease of infertility index [90-92]. Upon bila-

teral severing of cavernous nerves, rat still presents a

residual erectile capability (vascular engorgement of

the corpus spongiosum), as the result of BS muscles

activity [93].

Numerous diagnostic tests have been employed to

evaluate penile hemodynamics (arterial and venous)

in man, including penile plethysmography, penile

brachial index, duplex Doppler ultrasonography,

dynamic infusion cavernosometry/cavernosography

(DICC), arteriography, nocturnal penile tumescence

monitoring with RigiScan, and the combined intra-

cavernous injection and visual sexual stimulation

test [94-101]. While these tests have varying degrees

of usefulness in clinical settings, they may be used

for experimental studies of penile erection in humans

and pharmacological testing.

1. PENILE BRACHIAL INDEX

The penile brachial index uses a Doppler signal

transducer to measure penile blood flow (a value of

0.7 or less indicates arterial dysfunction) and is pre-

dominantly used to diagnose arteriogenic erectile

dysfunction. However, a normal penile brachial

index does not exclude arteriogenic dysfunction

because most penile brachial index data are derived

from the dorsal arteries, not the cavernous arteries,

which are known to have higher flow in the flaccid

state [100-101]. Mueller et al. found only a 39%

concordance between arteriography and penile bra-

chial index suggesting that this relatively non-invasi-

ve test can be non-specific and inaccurate [100].

Intracavernous injection with vasoactive agents in

combination with selective pudendal arteriography is

considered the gold standard for evaluating penile

arterial vascular status. Unfortunately, this diagnos-

tic test is invasive in nature and an expensive study;

therefore, it is limited to a small subgroup of

patients, such as young patients who sustained pelvic

trauma with penile arterial injury who may undergo

penile vascularization [96, 97, 99-101]. 

2. DOPPLER ULTRASONOGRAPHY

The simplest and most common erectile function test

to detect impaired arterial or venous hemodynamic

blood flow parameters is the use of duplex Doppler

ultrasonography [101-104]. This relatively non-inva-

sive diagnostic test involves the combination of

intracavernous injection of vasoactive agents to

induce cavernosal smooth muscle relaxation, the use

of visual sexual stimulation, and duplex ultrasono-

graphy, which entails high-resolution sonography

with pulsed Doppler blood flow analysis to evaluate

the penile arterial status. It provides anatomic infor-

mation regarding the intrapenile arterial anatomy

and a real-time assessment of blood flow velocity of

the cavernosal arteries. A major advantage of this test

is that it clearly delineates the individual cavernous

VII. HEMODYNAMIC STUDIES OF

ERECTION IN HUMANS
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arteries and simultaneously records the Doppler

blood flow. After intracavernous injection, Doppler

waveform analysis is done with a 7.5 to 10 MHz

probe. Arterial insufficiency is diagnosed if the

duplex scan shows an arterial diameter increase less

than 25 percent and a peak systolic velocity of less

than 25 cm/sec. The criterion of end diastolic veloci-

ties of more than 5 cm/sec is used to represent

venous leak [96, 98, 100-106]. Additionally, this test

can detect abnormalities in the cavernous bodies,

such as fibrosis and calcifications (Peyronie’s disea-

se) [104]. Duplex Doppler ultrasonography has been

shown to correlate well with arteriographic studies

with pulsed Doppler analysis more accurate than

selective arteriography for the diagnosis of arterioge-

nic insufficiency/dysfunction [100]. Therefore, this

diagnostic test is used most often to determine arte-

riogenic or veno-occlusive erectile dysfunction as

well as structure abnormalities in the penis. Indirect-

ly, duplex ultrasonography can diagnose veno-occlu-

sive dysfunction, but the standard test is pharmaco-

logic dynamic infusion cavernometry and caverno-

sography (DICC) [99]. 

4. CAVERNOSOMETRY

Cavernosometry involves the placement of a butter-

fly needle into the cavernosal body for saline infu-

sion and simultaneous intracavernosal pressure

monitoring. The corpora cavernosa are infused with

warmed, heparinized saline at a flow rate necessary

to achieve an erection. Initially, the saline infusion

was performed using a pump, but in 1988, gravity

cavernosometry was introduced as a simplier, cost-

effective method with lower complication rats [107].

The addition of intracavernous vasoactive agents to

achieve more complete smooth muscle relaxation is

also used in this setting [108-109]. These methods

are followed by infusion of contrast. If the dorsal

vein is visualized which is not normally seen in the

erect state and the flow rate required to maintain the

erection is high, the patient is considered to have

venous insufficiency and thus veno-occlusive erecti-

le dysfunction. This procedure has lost favor due to

poor long-term results, lack of privacy, fear, increa-

sed sympathetic nervous system response, and anxie-

ty in the test setting which all may lead to physiolo-

gic veno-occlusive dysfunction. Because of these

problems and the complications involved with

venous ligation surgery and low success rate, DICC

is rarely performed [96, 97, 110]. 

Erectile dysfunction (ED) has been traditionally

classified as organic or psychogenic in origin, and

these categorizations remain important for therapeu-

tic purposes. Diagnostic modalities have been deve-

loped which monitor spontaneous nocturnal penile

tumescence/rigidity and erectile response to audiovi-

sual erotic stimulation in an office setting. Histori-

cally, nocturnal penile tumescence (NPT) monitoring

was the first objective test to study erectile function

[111]. In the 1950’s it was recognized that rapid eye

movement (REM) sleep periods were accompanied

by a recurring cycle of penile erections in men [112].

The value of NPT monitoring is based on the

assumption that nocturnal erections utilize the same

neural and vascular pathways as sexually stimulated

erections. Karacan concluded that NPT values would

be diminished or absent in males with organic ED,

such as neurological or vascular insufficiency and

would be present in psychogenic ED. He also assu-

med that psychological factors that inhibit erectile

function would be absent during sleep. Because noc-

turnal erections are, for the most part, present in men

with psychogenic ED, the use of NPT measurements

has been used clinically to distinguish between psy-

chogenic and organic ED. Normally, there are 3 to 5

erectile episodes per night. Each lasting 10 to 25 min

and associated with an expansion in penile circumfe-

rence by 15 to 30 mm [113]. A 20 mm increase in

penile circumference represents a full erection and a

26 mm increase or 80% of a full erection is sufficient

for sexual intercourse [114]. Nocturnal erections are

not affected by recent sexual intercourse and the

dream content is not necessarily erotic in nature. 

In the 1970’s and early 1980’s, the standard NPT

evaluation involved three overnight stays in special-

ly equipped sleeping centers with trained personal to

quantitate the number of erectile episodes, maximal

penile rigidity, tumescence, and the duration of noc-

turnal erections. In 1985 the RigiScan (Timm Medi-

cal Technologies, Eden Prairie, MN) device was

introduced that allowed men to be analyzed in the

home settings as well as in the office with the capa-

bility to measure penile circumference and rigidity

continuously [115]. This is a multicomponent instru-

ment comprised of a microcomputer and a logging

unit. The logging unit is secured around the patient’s

leg at bedtime and has two wire loops that record

VIII. PENILE TUMESCENCE 

MONITORING AND VISUAL

SEXUAL STIMULATION
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changes in penile circumference and rigidity. One

loop is placed around the base of the penis and other

at the tip of the penis proximal to the coronal sulcus.

Every 15 secs, the circumference is measured and

compared to the patient’s baseline reading. Every 3

mins, rigidity is measured by radial compression

applied to each loop [113]. When the circumference

increases by more than 10 mm, rigidity monitoring is

increased to every 30 secs. When no linear displace-

ment occurs, rigidity is 100% and for each 0.5 mm of

loop shortening that occurs, rigidity measurement is

decreased by 2.3% [113]. A normal NPT test is defi-

ned as three to six erections per 8 hr or an average of

0.375 erections an hr with a change in penile cir-

cumference of at least 30 mm at the base and 20 mm

a the tip of the penis and a rigidity of at least 70%

sustained for at least 10 minutes [116-118]. Greater

than 70% rigidity is considered adequate for vaginal

penetration, whereas less than 40% rigidity repre-

sents an insufficient erection for intercourse. Any

rigidity measure between 40-70% correlates with

various degrees of penile flaccidity. 

Clinically, NPT testing is recommended for confir-

mation of men with a high clinical suspicion of psy-

chogenic ED, in medico-legal cases to rule out

malingering, preoperatively to document poor rigidi-

ty, and in men with normal hormonal and vascular

evaluation (i.e., intermittent ED; situational pro-

blems; acute onset of erectile failure; relationship or

other stressors; young men with ED without risk fac-

tors and especially if unresponsive to Viagra). In

patients with obvious organic disease of the penile

vascular bed, an NPT test will rarely alter manage-

ment and therefore, is not recommended. In men

with other forms of sexual dysfunction such as peni-

le sensory loss or anorgasmia, NPT is also not indi-

cated (Figure 7). 

An obvious limitation of the RigiScan device is that

normal potent men may demonstrate an absence of

erectile activity 15% to 20% of the time while slee-

ping [119]. Several external factors unrelated to erec-

tile physiological mechanisms, such as aggressive

dreams, depression, sleep disorders, alcohol intake,

medications (psychotropic drugs), and smoking may

produce aberrant patterns in sleep and corresponding

erectile activity, leading to false-negative results

[120-124]. Additionally, RigiScan technology prima-

rily determines radial rigidity, which may not direct-

ly equal axial rigidity, a measure that is more closely

related to the ability to have sexual intercourse [125-

126]. Sparse RigiScan data exists on age-adjusted

normal erectile performance; therefore, it is difficult

to assess normative erectile data obtained from

various age groups [127]. In cases where a patient is

suspected of having psychogenic ED, a normal NPT

study both in a sleep lab or with RigiScan may

confirm the diagnosis and suggest a functionally

intact neurovascular axis. An abnormal test may

need to be validated with other more sensitive dia-

gnostic studies. Taken all together, NPT monitoring

devices offers a relatively inexpensive, minimally

invasive means of objectively testing erectile func-

tion; but should be used in conjunction with clinical,

diagnostic, and laboratory information in determi-

ning a man’s erectile status. 

Recently, visual sexual stimulation (VSS) with erotic

video stimulation and RigiScan testing has been

compared to more traditional methods of monitoring

penile erection such as NPT and pharmacological

vasoactive injections to differentiate psychogenic

from organic ED [128-130]. In a study by Allen and

colleagues, anxiety and increased sympathetic stimu-

lation caused an inaccurate response to pharmacolo-

gically induced erections as measured by penile

duplex ultrasonography when compared to NPT tes-

ting [130]. Of note, visual sexual stimulation studies

had similar specificity in diagnosing psychogenic

ED compared to the better-established tests used to

measure vascular penile status such as duplex ultra-

sonography with intracavernous pharmacological

injection [128-130]. For this reason, VSS is com-

monly used in conjunction with RigiScan in order to

mimic the sexual situation as closely as possible in a

clinical setting and estimate the patient’s erectile

capability through a similar mechanism that exists in

a sexual encounter. This method allows the clinical

researcher to collect patient data over multiple visits

using RigiScan monitoring in the office setting com-

bined with VSS in order to diagnose an organic or

psychogenic origin of ED. 
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Figure 7: RigiScan penile tumescence and rigidity monito-

ring device.  Courtesy of Timm Medical Technologies, Eden

Prairie, MN.



The use of audiovisual sexual stimulation by virtual

glasses allows for partial isolation from the surroun-

ding environment thus reducing test related stress or

anxiety and has been documented to significantly

promote more complete cavernosal smooth muscle

relaxation and penile erection [132-136]. Clinical

studies with VSS and the new oral PDE 5 inhibitors

and sublingual centrally acting agents for the treat-

ment of ED, have confirmed the efficacy of this non-

invasive method of measuring erectile function in

men [131, 133-137]. The combination of RigiScan

technology and VSS in case-controlled studies

allows for objective measurements of the penile

erectile response in patients treated with placebo and

active drug. The limitations expressed earlier do not

affect the use of RigiScan for drug evaluations on

radial rigidity and tumescence with VSS because all

erectile parameters measured are compared to place-

bo, and therefore the inherent limitations are circum-

vented. Data is also available supporting the benefits

of audio-visual sexual stimulation with virtual

glasses to negate the anxiety factor involved in more

invasive diagnostic tests such as duplex ultrasono-

graphy and DICC [131,136]. Recently, Ugolini and

colleagues [138] reported that there is a limited

need to select erotic visual material to be provided to

heterosexual men with the purpose to promote psy-

chogenic erections,  provided that the sexual orien-

tation of the specific individual (heterosexual versus

homosexual) is taken in account, and that no extreme

contexts (incest, sadomasochistic or related themes)

are included (see also fig. 15). These data caution

that the identification of appropriate erotic visual sti-

muli for each patient needs to be performed before

each session for a more reliable assessment of erec-

tile responses. 

In summary, visual sexual stimulation combined

with RigiScan technology can be used as an alterna-

tive assessment for cost-effective, minimally invasi-

ve, and reliable screening of the erectile response.

Similar methodologies are currently used in clinical

drug trials to determine the efficacy of new pharma-

cological agents for the treatment of ED. 

1. ASSESSMENT OF SEXUAL MOTIVATION

Studies of human subjects have typically used ques-

tionnaires together with retrospective or diary

reports of the actual occurrence of sexual behavior in

order to assess subjects’ sexual motivation following

various hormonal or pharmaceutical manipulations.

Obviously, such interviews are not feasible in studies

using animals. The majority of studies of animal

sexual behavior assume that sexual motivation is

high if the investigator observes the species-specific

consummatory aspects of mating in tests conducted

in a home cage or other small compartment. In male

subjects this would include approach of a sexually

receptive stimulus female, mounting—including

neck grip in certain species, pelvic thrusting, penile

erection, intromission and ejaculation-related beha-

viors. In female subjects this would include the

receptive sexual behaviors (e.g., lordosis in rodents;

standing behavior in ungulates and non-human pri-

mates; passive acceptance in carnivores) that facili-

tate penile intromission leading to ejaculation and

the deposition of sperm in the female’s vagina. Most

investigators would agree that the motivation of a

subject, be it male or female, to approach a conspe-

cific for the purpose of mating is best assessed under

circumstances in which the target animal has com-

plete control over whether or not he/she will approa-

ch and interact with the opposite-sex stimulus ani-

mal. This is especially true in studies of female sub-

jects in so far as males are typically larger in body

size and are more sexually assertive than females.

Accordingly, Frank Beach [139] was among the first

investigators to establish procedures for assessing

females’ ‘proceptive’ sexual behavior (reflecting

their motivation to initiate sexual interaction with a

male) by giving the female full control over whether

she approached and interacted sexually with a stimu-

lus male. Other investigators have assessed the moti-

vation of female rats to approach a sexually active

male that was either restrained behind a wire mesh

screen [140] or tethered in a corner of a cage [141].

A similar approach has been used in studies carried

out using dogs [142] and female rhesus monkeys

[143]. More recently, a paced mating paradigm has

been widely used to assess the motivation of female

rats to approach and receive mating stimuli from a

male.

2. LEVEL CHANGING AS AN INDEX OF SEXUAL

MOTIVATION IN BOTH SEXES

Another simple modification of the standard appara-

tus for studying rodent sexual behavior involved the

addition of a second level that was connected to the

ground level by inclined ramps. In an initial study

using such a bi-level apparatus [144] ovariectomized

IX. METHODS FOR ASSESSING
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female rats that received ovarian hormones showed

significantly more level changes/test than controls

given no hormones when confronted with a sexually

active male. Level changes can thus be an index of

females’ ‘proceptive’ sexual motivation. Likewise,

this same apparatus has also been used to assess

sexual motivation in male rats and mice. For

example, Mendelson and Pfaus [145] showed that

male rats’ level changing behavior increased signifi-

cantly across a series of tests when subjects were tes-

ted in the presence of an estrous, but not in the pre-

sence of an anestrous stimulus female. The ability of

stimuli from an estrous female to augment level

changing was attenuated by making male rats per-

ipherally anosmic [146], implying that males’ moti-

vation to seek out the female resulted from their

attraction to volatile estrous odors. Further evidence

that level changing reflects males’ sexual motivation

is provided by the observation [147] that male rats

showed significantly less level changing behavior

within a few minutes following ejaculation with an

estrous female (i.e., during the post-ejaculatory inter-

val). Male rats also showed significantly less level

changing behavior in the presence of an estrous

female when they were treated with dopamine (DA)

receptor blockers [148], implying that the activation

of DA neurons normally augments masculine sexual

motivation and reward (Figure 8). 

3. OPERANT ASSESSMENT OF SEXUAL MOTIVA-

TION

Some of the earliest studies to assess rats’ sexual

motivation were carried out using a straight runway

[149-151] in which subjects’ latency to approach a

sexually active stimulus animal in a goal box was

taken as an index of motivation. Although some use-

ful results have been obtained using this method,

running speeds can be influenced by a variety of fac-

tors in addition to subjects’ sexual motivation. This

factor reduces the usefulness of this simple method.

Another approach has been to require rats of either

sex to press a lever in a Skinner box in order to gain

access to a sexually active, opposite-sex conspecific

[152]. Again, although useful data were collected

using this method, subjects’ operant responses occur-

red at a low rate under a continuous reinforcement

schedule, and when the opposite-sex animal became

available the resulting sexual interaction disrupted

the operant lever pressing much more than after deli-

very of a food pellet of opportunity to lick a water

spout (more typical rewarding stimuli in Skinner box

testing). Everitt and co-workers [153] improved on

this procedure by providing a conditioned secondary

reinforcer (a red light) that was initially associated

by male rat subjects with access to an estrous fema-

le which dropped into the male’s compartment from

an overhead location. This procedure led to high

levels of lever pressing by male subjects in order to

turn on the conditioned stimulus. Although some

interesting data were obtained using this method, it

also has its disadvantages: (1) Much pretraining is

needed in order for subjects to acquire the task, and

(2) various surgical, endocrine, or pharmaceutical

manipulations may influence task performance by

affecting subjects’ motivation to lever press for the

conditioned stimulus as opposed to the unconditio-

ned sexual stimuli per se. 

As a compromise between the insensitive method of

measuring runway approach latencies and the

tedious method of training animals to press a lever

for access to a goal stimulus, numerous investigators

have chosen to assess subjects’ preference to approa-

ch and interact with one of 2 stimuli different social

stimuli that are tethered in the opposite ends of a 3-

compartment box or in the goal boxes of a T- or Y-

shaped maze. The method has also been adapted so

that volatile odors from conspecifics are presented

instead of physical access to these stimuli. In other

instances, subjects are allowed to choose between

approaching and investigating anesthetized stimulus

animals.
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Such an approach has been used to assess the prefe-

rence of rats [154-155], hamsters [156], and ferrets

[157] and mice [158] for same- versus opposite-sex

conspecifics. It has also been extensively used [159]

to establish the roles of neuropeptides including

vasopressin and oxytocin in the establishment of

monogamous pair bonding in prairie voles of both

sexes. Paredes and Baum [160] used operant perfor-

mance in a T-maze to assess the effects of excitotoxic

lesions of the sexually dimorphic preoptic/anterior

hypothalamic region on the preference of male fer-

rets to approach same- versus opposite-sex conspeci-

fics. More recently this method and was adapted so

that volatile odors from same- versus opposite-sex

conspecifics could presented in an air-tight Y-maze,

with the aim of establishing the role of body odorants

in heterosexual mate recognition in ferrets of both

sexes [161]. Tests of a subject’s preference for one

type of stimulus over another (e.g., body odors emit-

ted when air is blown over an anesthetized breeding

male versus an anesthetized estrous female ferret)

involved training sessions over 3 consecutive days.

On each day subjects would be given 8 ‘free’ trials in

which they were placed in the start box of the Y-

maze whereupon the choice (male vs female odor)

and latency to approach one of the goal boxes was

recorded. After all but the last free trail, subjects

would receive a ‘guided’ trial in which the Y-maze

arm leading to the stimulus freely chosen on the pre-

vious trial was blocked off, thereby ‘guiding’ the

subject to the non-preferred stimulus. In this way

subjects were frequently reminded of the availability

of the opposite stimulus to the one most recently

chosen in a free trial. Statistical analyses were car-

ried out on the choice (% trials to the male vs fema-

le stimulus) and the latencies to approach each type

of stimulus averaged over a total of 24 free trials.

This method has effectively revealed effects of endo-

crine status [162], sexual experience, and peripheral

anosmia [161] on ferrets’ heterosexual odor prefe-

rences (Figure 9).

4. CONDITIONED PLACE PREFERENCE (CPP)

TESTS TO ASSESS INCENTIVE VALUE OF

MATING EXPERIENCE

One standard way to assess the rewarding characte-

ristics of drugs of abuse (e.g.,heroin, cocaine,

amphetamine) is to demonstrate that the administra-

tion of a particular drug in a compartment (distincti-

ve because of its color, odor, and/or floor texture)

which was initially not preferred by a subject (typi-

cally a rat or mouse) causes the subject to prefer that

compartment as a result of repeated pairing of its

physical features with receipt of the drug [163].

Baum and Miller [164] adapted this approach to

show that male rats will learn a CPP for the opportu-

nity to mate with an estrous female and that the

expression of this CPP was significantly attenuated

by castration and by administration of the opioid

receptor antagonist, naloxone. Others [165] extended

this finding by showing that naloxone blocked the

CPP otherwise established by placing male rats into

distinctive environments immediately after achie-

ving ejaculation with an estrous female. In addition,

female rats also acquire a CPP as a result of repeated

pairing with a sexually active male [166]. 

Most recently, Paredes and co-workers [167-168]

showed that female rats established a stronger CPP

when they were allowed to pace their mating beha-

vior with a male than when the male paced the rate

of their sexual contacts. These studies were carried

out in a 3-compartment box in which the central

chamber was painted gray. One side chamber was

painted white and had wood chips on the floor whe-

reas the other was painted black without wood chips

on the floor, and its walls were moistened with 2%

glacial acetic acid to give it a distinctive odor. Rats

were given a 30 min. pretest during which the time

they spent in each of the three compartments was

recorded and a ‘preferred’ chamber was specified.

Subsequently, during daily tests #1, #3, and #5 all

subjects were simply placed alone in the preferred

257

Figure 9: Diagram showing a Y-maze used to assess partner as

well as odor preferences in ferrets.  Air is drawn over stimulus

animals that are either anesthetized (right goal box; odors

only) or tethered (left goal box; odor, visual, and auditory cues)

in the goal boxes, and the subject (shown in the start box) is

allowed to choose between the 2 arms of the Y maze, thereby

indicating a preference for one stimulus over the other.  Adap-

ted from Kelliher and Baum, 2001 [161]



compartment for 30 min. By contrast, during tests

#2, #4 and #6 subgroups of these female subjects

were placed in an adjacent chamber and allowed

either to engage in paced mating (female-paced

mating; see above) or to mate with a male with no

opportunity to avoid him (male-paced mating) until

ejaculation occurred whereupon each subject was

immediately placed for 30 min. in the initially non-

preferred chamber of the CPP apparatus. One day

after the sixth conditioning session all subjects were

again allowed to roam freely throughout the CPP test

apparatus, and the time spent in each compartment

was recorded. Based on these observations, a prefe-

rence scores were calculated as the percentage of

time spent in the initially non-preferred compartment

both before as well as after either female- or male-

paced mating had occurred. Statistical analysis sho-

wed that females showed a significant post-conditio-

ning increase in the percentage of time spent in the

compartment into which they were placed after

mating experience only if they had been able to pace

their interactions with the stimulus male (Figure 10). 

Microdialysis is a unique technique that can be used

to measure neurotransmitters in the CNS in vivo

[169, 170]. This method is applied to investigation of

the central mechanism of copulatory behavior and

penile erection from the aspect of the central phar-

macology. We can apply this interesting technique to

measure various neurotransmitters during copulatory

behavior and ex-copula erectile responses with or

without systemic or local drug administrations [171-

174]. Microdialysis methods make it possible to

determine effects of alterations of neurotransmitters

in specific brain area during sexual responses. The

principle is that a small probe is placed into a tissue

of the body. The tip of the probe is covered with a

small patch of microdialysis membrane. This allows

passage of small molecules across the membrane.

The inerior of the probe is perfused with physiologi-

cal buffer solution. Small molecules diffuse into the

dialysis fluid and can be analyzed. The system also

allows drugs to be dissolved in the dialysis fluid and

they diffuse out to affect the tissue. This technique is

commonly used in brain tissue, but it can also be

used in other tissues, such as measuring nitric oxide

release in the penis.For brain studies, a guide canula

is inserted into the target brain area stereotaxically.

The dialysis probe is inserted 24 hours before the

experiment. The animal is able to move freely while

connected to the microdialysis line. The target brain

area is dialyzed continuously during experiments.

Dialysis samples from a specific brain area are col-

lected periodically. The samples are analyzed with

high-performance liquid chromatography [HPLC].

After experiments, the position of the tip of the probe

has to be confirmed histologically. 

Measuring neurotransmitters during copulatory

behavior or the erectile response.:Elevations of some

neurotransmitters were observed during copulatory

behavior and erectile response [173, 175, 176].

These included dopamine, nitric oxide [NO] and

their metabolites. These findings strongly suggested

that these neurotransmitters might have important

roles in the central integration of the copulatory

behavior and penile erection. 

Application of this technique allows us to measure

changes of neurotransmitters in specific brain areas

and observe copulatory behavioral or erectile res-

ponses simultaneously following drug administra-

tion. The work of Melis and colleagues done using

this technique has provided us with important infor-

mation about the central roles of NO in the hypotha-

lamus [174].  They administrated various drugs that

could modulate NO and other neurotransmitters sys-

temically or locally [i.e. PVN, third ventricle], then

measured the changes of neurotransmitters and

observed ex-copula erectile responses. 

Sato et al, used another sophisticated drug adminis-

tration method to observe changes of copulatory

behavior and ex copula responses corresponding to

alternation of NO in the hypothalamus [177]. Drugs

were dissolved in Ringer’s solution. The drug solu-

tion was infused into the target brain areas via the

X. MICRODIALYSIS
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Figure 10: A rat being tested in a conditioned place prefe-

rence apparatus.  Photo courtesy of Raul Paredes.



microdialysis probe. This method of drug adminis-

tration via a microdialysis probe may produce less

stimulatory pressure than the microinjection method.

Although microdialysis-technique has some limita-

tions (e.g. the volume sampled by the dialysis probe

is not precisely known), this experimental model is

useful for investigation of relationship between phar-

macological changes in specific brain area and beha-

vioral changes [169, 170, 172, 174, 175].

Our understanding about the molecular mechanisms

involved in the physiology of penile erection has

advanced significantly in the last decade as a direct

result of the use of animal models to study aberrant

erectile mechanisms in various pathological situa-

tions. The purpose of this sub-chapter is to evaluate

experimental disease animal models used to study

ED and further our understanding of species choice

and end points associated with each animal model.

1. SPECIES CHOICE

The available animal models for the in vivo study of

ED, as opposed to in vitro studies on excised tissues,

are rodents, specifically the laboratory rat. Although

the dog [178, 179], cat [180, 181], rabbit [182, 183],

mouse [184, 185], and even the monkey [186, 187],

have been employed for investigating the physiology

of erectile function and the effect of vasoactive drugs

on this process, the rat remains the predominant

experimental animal species where ED has been

documented. This choice of species was essentially

based on the traditional application of the rat for

laboratory studies, the ample literature on copulatory

behavior, the relatively short life span, similar anato-

my to the human penis, the considerable costs invol-

ved with larger animals, and the availability of rat-

specific molecular probes. It is likely that the mouse

may become a useful complement, because of the

numerous knockout and transgenic animals that may

be applied for the study of ED, and to a lesser extent,

the rabbit, for alternative models of diabetes, hyper-

cholesterolemia, and to harvest large amount of peni-

le tissue for in vitro studies. 

2. HYPERTENSION

Erectile dysfunction and hypertension are widely

acknowledged to be associated, however, rigorous

studies combining experimental approaches to these

conditions are lacking [189-202]. The animal model

of hypertension most widely used to assess erectile

function is the spontaneously hypertensive rat (SHR)

[188-194]. Although more limited in scope, studies

have also demonstrated that the more severely patho-

logical stroke prone SHR (SHR-sp) rat has markedly

decreased erectile response relative to the normoten-

sive Wistar Kyoto (WKY) rat [195]. There are other

rat strains with primary or genetic hypertension (e.g.

Prague Hypertensive, Genetically Hypertensive and

Milan Hypertensive) that have not yet been characte-

rized with respect to erectile function status.

A small number of investigations have also assessed

the impact of secondary hypertension. DOCA-salt

treatment, aorto-iliac balloon injury, experimental

passive cigarette smoke inhalation, and increased

alcohol consumption all in normotensive rats have

produced concomitant hypertension and erectile dys-

function [195-198]. However, there have been no

investigations, which provide evidence causally-lin-

king the hypertension-associated abnormalities with

specific erectile dysfunction mechanisms. Studies to

date have established that in hypertensive models

there are substantial differences in vascular structure,

function and morphology, neurogenic signaling, and

in susceptibility to various erectolytic stimuli. For

example, the penile vasculature of the SHR, compa-

red to normotensive rats, has been shown to have a

substantial structural upregulation, characterized by

an overall narrowed vascular lumen and thicker

medial wall, increased adrenergic sensitivity, as well

as increased corpus cavernosal fibrosis [188-190].

Finally, there have also been differential responses to

various antihypertensive drug treatments in hyper-

tensive animals with increases, decreases or no chan-

ged in erectile function being observed [189,191-

193, 199, 202]. Based on our well-established

conceptual understanding of erectile physiology it is

likely that alterations occur at the neuronal, vascular,

and structural level, although the specific pathophy-

siological mechanisms generating ED remain to be

determined. 

3. AGING

The initial reports on ED in the aged rat were based

on the assessment of the decay of copulatory beha-

vior [200, 203]. Since the first report on the decrea-

se of the erectile response associated with aging to

electrical field stimulation (EFS) and vasoactive

agents, this system and both end-points have been

the method of choice to measure this condition and

numerous investigations have confirmed this approa-

XI. DISEASE ANIMAL MODELS OF

ERECTILE DYSFUNCTION
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ch [204-211]. Aging-related ED in the rat, as well as

in men, results essentially from a loss of compliance

of the corpora cavernosa due to progressive fibrosis

and loss of endothelial and smooth muscle, combi-

ned with a decrease of nitric oxide synthase (NOS)

content and/or activity [204, 207-216]. In this sense,

it is fundamentally a vasculogenic type of ED [213-

217]. For this reason, the aging rat has been applied

to measure the potential application of gene therapy

with cDNA constructs that encode proteins either

affecting directly smooth muscle relaxation or coun-

teracting the deterioration of this tissue with age

[206-208, 211, 212, 218-221]. 

Different rat strains, such as Fischer 344, Sprague

Dawley, and Brown Norway have been reported to

experience 30-40% reductions in the MIP/MAP

value starting as early as 8-10 months of age,

although the most significant decreases are observed

at ages over 20 months with a 70% decrease at 30

months of age [204, 206, 207, 209, 211, 212, 218].

The Brown Norway rat is a species which exhibits a

combination of primary and secondary testicular fai-

lure that more closely resembles human reproductive

aging and erectile function and is therefore the spe-

cies of choice to study age-related erectile function

[222]. Future studies on agents affecting aging-rela-

ted ED should expand the simple mean intracaverno-

sal pressure (MIP) / mean arterial pressure (MAP)

values to include the area under the erectile curve or

complete erectile response curves to different electri-

cal voltages or frequencies and to various doses of

vasoactive agents in order to better define the effica-

cy of treatments in correcting the underlying altera-

tions of cavernosal smooth muscle in ED (Figure11). 

4. DIABETES

This model has been utilized by the same group to

investigate both the effects of diabetes and of aging

in the rat electrically evoked erections. In a study

with streptozotocin-induced diabetes, electrically

evoked erections were compared at 1, 3 and 6

months in diabetic and control rats [230]. At 3 and 6

months diabetic animals exhibited a significant

decrease of latency for erection and a slower phase

of detumescence, when compared with age-matched

controls. These observations would be consistent

with a decreased adrenergic tone, as suggested also

by findings of both norephrine depletion [231] and

nerve growth factor levels alteration [232] in the cor-

poral bodies of diabetic rats. In this study it was also

shown a trend for a lower developed intracorporeal

pressure in the 6 month diabetic group.

Another study compared a group of 8-month-old ani-

mals (being at this age sexually mature), with a

group of 27-month-old rats, i.e. an age that repre-

sents the typical life span of the laboratory rat,

approximately corresponding to 75 years of age in

humans [213]. Aged rats showed a significantly slo-

wer elevation of the intracavernosal pressure, and a

significantly prolonged detumescent phase, in com-

parison with the adult rats. The intracavernosal pres-

sure rise in response to electrostimulation was less

pronounced in the aged group, although in a non sta-

tistically significant manner. Aged corporal tissues

showed at light microscopy degenerative signs of

elastic fibers, and when norepinephrine precontrac-

ted they required a 3-fold increase of papaverine

concentration to achieve full relaxation, compared to

adult tissues.

Numerous epidemiological, clinical, and basic scien-

ce studies have shown a strong correlation between

ED and diabetes mellitus (DM). Animal models of

260

Figure 11: ICP increase in response to CNS stimulation,

acetylcholine and CGRP administration in young and old

rats. The left hand panel shows the age-related response to

one stimulation/intensity. The right hand panel shows the

shift in the dose response curves with age. From Bivalacqua

et al., 2003 [211].



diabetic-associated ED that reproduce the etiology

and pathophysiology of type 1 and 2 (NIDDM) DM

is complicated due to the difficulty of reproducing in

an animal a combination of neuropathy and vasculo-

pathy. However, since the vast majority of diabetic

patients have vasculogenic ED [223-225], there is

little divergence in the response of both aging- and

diabetes-related animal models to therapy aimed to

correct the underlying smooth muscle defects at both

the cavernosal trabeculae and arteries [226, 227]. In

diabetes, in common to vascular disease in general,

the molecular mechanism for the impairment of

smooth muscle relaxation appears to involve impair-

ments in nitric oxide synthesis, neuropathy, oxidati-

ve stress and fibrosis, caused by reactive oxygen spe-

cies and advanced glycation end products, irrespecti-

ve on whether they originate from hyperglycemia or

other causes [228-234]. The first rat models propo-

sed for the study of diabetes-related ED were the

congenitally diabetic BB/WOR rat, displaying insu-

lin-dependent type 1 diabetes, and the BBZ/WOR

rat, with NIDDM or type 2 diabetes. The BB/WOR

rat exhibits severe neuropathy in somatic, sympathe-

tic, and parasympathetic nerves without the com-

pounding angiopathy associated with human dia-

betes [235]. The copulatory behavioral testing and

the study of sexual reflexes confirmed the severe

neuropathy associated with ED in the BB/WOR rat

[235]. Additionally, these diabetic animals exhibit

considerable decreases in penile reflexes, indicative

of peripheral neuropathy, but did not show any

impairment of the cavernosal-nerve mediated erecti-

le response at 3-5 months of diabetes [236, 237].

Therefore, this animal model can be used to determi-

ne the contribution of neuropathy alone to diabetic-

related ED [236-238]. Further studies are needed to

define whether more prolonged diabetes in the

BB/WOR rat would eventually result in vasculoge-

nic ED, denoted by either EFS or injection of

vasoactive drugs. In contrast, the streptozotocin

(STZ)-induced diabetic rat, where the drug is injec-

ted to different strains of adult rats in a single intra-

venous or intraperitoneal injection at doses varying

from 35 to 60 mg/kg, is associated with a 40-50%

reduction in the erectile response to EFS and in

sexual performance [239-247]. STZ-diabetic rats

exhibit both neuropathy and vasculopathy in the

penile vascular bed; however, the drug is rather toxic

and carcinogenic, with severe body weight loss and

androgen deficiency making this a model of insulin-

dependent type 1 diabetes. Similar criticisms can be

made in reference to the alloxan-induced diabetic rat

with ED, however, alloxan does not cause severe

androgen deficiency like STZ [234, 248-251].

To our knowledge there are no experimental studies

in any animal model for ED associated with the most

prevalent type of diabetes in men, type 2 NIDDM. It

is very important to define in experimental animals

of type 2 NIDDM whether these animals exhibit

impairments in erectile function and whether phar-

macological or gene therapy approaches are effecti-

ve in correcting diabetic-related ED. 

Moreover, it is important to discern the effects of

insulin resistance and hyperglycemia at the endothe-

lial and smooth muscle level from those caused by

other metabolic alterations present in type 2

NIDDM. Therefore, experimental studies to measure

erectile status to EFS and copulatory behavior in ani-

mals that are widely accepted as models of insulin

resistance and type 2 NIDDM such as the Zucker

(fa/fa) rat, Cohen diabetic rat, Psammomys obesus

(Israeli sand) rat, or in mice models of insulin resis-

tance are warranted at this time in order to determi-

ne the pathophysiological mechanisms involved in

type 2 NIDDM [252-257] (Figure 12). 

5. HYPERCHOLESTEROLEMIA

Hypercholesterolemia and subsequent atherosclero-

sis are well-recognized risk factors for the develop-

ment of vasculogenic ED [280-282]. It is important

to realize that hypercholesterolemia-associated ED

in men is multi-factorial in nature and is usually

compounded by other vascular risk factors such as

smoking, age, and diabetes. 

Obstruction of the internal pudendal and common

penile and cavernosal arteries by atherosclerotic

lesions is associated with ED in men. The first ani-

mal model of ED due to atherosclerotic vascular

disease was developed in the rabbit to mimic the

athescelorosis that is present in human hypo-iliogas-

tric and penile vascular beds. 

In this study, rabbits underwent balloon de-endothe-

lialization of the aorto-iliac arteries and received a

1.6% cholesterol and 4% triglyceride diet for eight

weeks and resulted in severe, moderate, and minimal

luminal occlusion of the ilio-hypogastric arteries and

impairments in endothelium-dependent cavernosal

smooth muscle relaxation and agonist-induced peni-

le erection with papaverine [106-108]. Recently, this

model has been modified by feeding the rabbits a

low-level (0.3%) long term (80 wks) cholesterol-

enriched diet (without accelerating the disease pro-

cess by endothelial denudation) that led to more

severe athersclerotic vessel disease in the iliac arte-

rial tree and subsequent augmentation of the pelvic

nerve stimulated erectile response [286]. 
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Animal models of hypercholesterolemia-associated

ED have demonstrated that impairments in erectile

function cannot be entirely explained by arterial

hemodynamic abnormalities. Vascular modifications

with hypercholesterolemia in both the rabbit and rat

occur at the level of 

1) a reduced inflow of blood to the penis as a result

of atherosclerotic plaques in the penile and pelvic

vessels, 

2) impairments in endothelium-dependent corporal

smooth muscle relaxation, 

3) fibrosis and degeneration of the cavernosal endo-

thelial and smooth muscle cells, 

4) hypoxia of the corpus cavernosum with alterations

in intracellular organelles (loss of mitochondria), 

5) decrease in number and size of non-myelinated

axons as well as atrophy of axons, 

6) a reduction in NOS containing nerve fibers, and 

7) increase in corporal collagen deposition [283-

290]. For these reasons, the hypercholesterolemia

rabbit and rat have been used as models of ED to

determine the potential application of gene therapy

with cDNA constructs and proteins either affecting

directly endothelium-dependent corporal smooth

muscle relaxation or counteracting the destruction of

cavernosal nerve fibers [288,289]. Therefore, hyper-

cholesterolemia-associated atherosclerosis of the

iliac and penile arteries as well as the penile vascular

bed in these animals closely simulates the pathologi-

cal conditions present in men. 

6. CAVERNOUS NERVE INJURY

ED is highly prevalent after pelvic surgery, especial-

ly radical prostatectomy as a result of injury to the

neurovascular bundle (cavernous nerves) [291].

Over the past two decades, cadaveric dissection, ana-

tomic modeling and animal studies have outlined the

pathway of the cavernous nerves in the pelvic plexus

[292-297]. The animal model of cavernous nerve

injury (CNI) most widely used to assess the effects

of neurotomy on cavernosal architecture and mole-

cular mechanisms involved in ED is the cavernous

nerve resection and cavernous nerve freezing rat

models. Through a lower abdominal midline inci-

sion, the posterolateral area of the prostate is expo-

sed on both sides and the major pelvic ganglions and

cavernous nerves are identified. The cavernous

nerves either unilaterally or bilaterally is either shar-

ply divided with knives to remove a segment of

nerve, cauterized, or froze using a thermocouple

[298-305]. The bilateral CNI model most closely

mimics the circumstances of post radical prostatecto-

my patients because the cavernous nerve has been

damaged or severed and erectile function lost [300].

The unilateral CNI model is best suited to study the

process of nerve regeneration and what influence this

process has on recover of erectile function. 
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Figure 12: Impairment of ICP responses to cavernous nerve

stimulation in the diabetic rat. From Bivalacqua et al., 2003

[247]



ED observed post radical prostatectomy is most like-

ly attributed to changes in the endothelium and

smooth muscle cells from a loss in neural integrity.

The absence of neural input to the penis after CNI in

the rat results 1) cavernosal smooth muscle apopto-

sis, 2) alterations in the endothelium and smooth

muscle, 3) decrease in neuronal NOS nerve fibers in

the penis and pelvic ganglia, and 4) alterations in

growth factors [298-305]. Since the development of

the CNI rat model, a more thorough understanding of

the importance of at least partial innervation of the

penis has helped delineate the pathophysiological

sequences involved in the development of post radi-

cal prostatectomy ED. Additionally, it has led to the

potential development of new more effective phar-

macological agents and gene therapy approaches for

the treatment of ED associated with radical prosta-

tectomy [299, 302, 306-308]. 

7. CNS LESIONS

The effect of specific brain lesions can be used to

estimate erectile function and copulatory behavior in

the male rat. In general, copulatory behavior or ex-

copula responses are observed to determine the phy-

siological functions of damaged brain areas or neural

pathways. These experiments help define the func-

tion of selective brain nuclei/region on erectile func-

tion [309-321]. 

Removal of the neocortex provides little information

on specific cell groups contributing to male copula-

tory behavior. In regards to electrolytic lesions of tar-

geted brain regions, electrodes are inserted in target

areas stereotaxically. Lesions are made with suffi-

cient current strength (1-2 mA) and durability of sti-

mulation (30-60 sec) and subsequent male copulato-

ry behavior is determined. However, the disadvanta-

ge of this method is that it eliminates both cell bodies

in the area and neural fibers passing through the

brain area of interest. Chemical lesions of specific

brain regions have been utilized with neurotoxic sub-

stances applied for this purpose, in particular, kainic

acid, ibotenic acid, 6-hydroxydopamine (6OH-DA),

and para-chlorophenylalanine (pCPA). 6OH-DA is

an agent that has selective neurotoxic properties for

catecholaminergic neurons, pCPA depletes seroto-

nergic neurons in the CNS, and ibotenic acid des-

troys nerve cell bodies but not neural fibers. Additio-

nally, afferent or efferent fibers from specific brain

regions are transected with a knife. In this method, it

is possible to estimate each physiological function of

both afferents and efferents from specific brain

lesions. Therefore this method is better to study the

integrative relationship between the nuclei in the

CNS. However, afferent and efferent fibers from a

nucleus contain various neural fibers that may assu-

me different physiological roles (Figure 13). 

Transection of the spinal cord has also been studied

in rodents and used to investigate spinal control of

penile erection, penile reflexes, and ejaculation [309,

310]. Specific limitations to these methods are that

interpretation of behavioral changes following brain

lesions is not simple. Depending on the damaged

part of the nucleus, behavioral changes or erectile

responses are different. In addition, it is difficult to

decide whether those behavioral changes are due to

damage to the cell bodies in the area or neural fibers

passing through this area. For example, the MPOA is

considered to be the brain center of copulatory beha-

vior and penile erection. This central area integrates

sexual stimulation and transmission of excitatory

and inhibitory information to other brain areas or spi-

nal centers, and the severity of impairment of copu-

latory behavior depend on the damaged areas of the

MPOA. Therefore, it is difficult to interpret whole

animal physiology after selective brain nuclei/

regions because of the redundancy in the CNS. 

Specific disease animal models using brain lesions

are still in the process of development. Some disease

models have been proposed such as models of Par-

kinson’s disease and spinal cord injury. Substantia

nigra lesions using 6-OH-DA has been proposed as

an experimental model to study ED associated with

Parkinson’s disease, however, the model has not pro-
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Figure 13: Effects of brainstem lesions on males sexual

function. The figure shows a cross section of the brainstem

at the level of the rostral medulla. The thin lines outline

electrolytic lesions. On the left in the lower portion are

shown lesions that were effective in removing tonic inhibi-

tion of male sexual reflexes. On the right and midline show

lesions that were ineffective. Figure from Marson and

McKenna, 1990 [50].



duced consistent results [320]. A spinal cord injury

(SCI) model of ED has also been utilized following

transection of the spinal cord at various levels and

results from these studies documented that ex-copu-

la responses were enhanced after SCI [309, 321-

324]. Specific brain lesion models of ED for the

study of sexual behavior and function are not widely

accepted as disease models because of the inherent

limitations and should be the focus of research in the

future. 

8. ALCOHOL AND SMOKING

Various illicit and non-illicit recreational drugs have

been implicated in sexual dysfunctions. The most

notable of such drugs are alcohol and smoking.

Excessive use of alcohol may lead to ED acutely or

chronically in men however the underlying patho-

physiological mechanisms are unknown at this time

[325]. The use of an animal model to study the

pathophysiology of alcohol-associated ED in the

peripheral and central nervous systems as well as the

penile vascular bed has been lacking. Ethanol and its

metabolite acetaldehyde have been shown to signifi-

cantly impair both contraction and relaxation of rab-

bit corpus cavernosal smooth muscle in vitro [326,

327]. Additionally, acute intraperitoneal injection of

high doses of ethanol resulted in a reduction in both

yawning and penile erection in response to subcuta-

neous apomorphine [328]. Future experimental stu-

dies are warranted to determine what affect low and

high doses of ethanol, short and long-term exposure

to ethanol, ethanol’s influence on hormones such as

testosterone, and possible mechanisms of action that

lead to impairments in cavernosal smooth muscle

cell function and peripheral and/or central nervous

system dysfunction are necessary. 

Chronic heavy smoking is a well-recognized risk

factor for vasculogenic ED and vascular disease in

general, and is usually compounded by other risk

factors such as diabetes [329]. The common patho-

physiology at the molecular level of all these condi-

tions is probably related to oxidative stress, which in

smoking is caused by compounds present in puffed

tobacco smoke [330, 331]. Despite its epidemiologi-

cal relevance for ED, only two experimental animal

studies have been published. The first one reported

an acute impairment of the EFS erectile response by

exposure of dogs to tobacco smoke generated by

allowing cigarettes to burn without puffing during

this procedure, which obviously did not reflect the

sustained oxidative stress exerted by chronic smo-

king, but rather the acute effects on blood pressure of

nicotine and other compounds [332]. In the second

study performed on young and aged rats, animals

experienced daily whole body exposure (1 hour/day)

in chambers for 6 weeks to smoke generated in the

same fashion, followed by a 3-day washout, but des-

pite the considerable hypertension and decrease in

penile NOS, no ED was observed by EFS [197]. This

was assumed to be due to the comparative resistance

of the rat to vascular disease, and the inadequacy of

“passive” smoking to mimic chronic smoking in

humans.

Future studies will probably require longer periods

of exposure (2-3 months) and particularly the use of

elaborate puffing machines that allow studying the

effects of chronic mainstream smoking with predo-

minant contact with the animal’s nose. This “active”

smoking will be based on inhalation of smoke gene-

rated at much higher combustion temperatures, and

therefore with oxidative products more resembling

those derived from actual smoking in humans. An

animal model that closely simulates the conditions

present in chronic cigarette smoking is warranted at

this time due to the lack of scientific data on the

direct effect of smoking on erectile function. 

9. HYPOGONADAL

Data exists to support a critical role for androgens in

the maintenance of the mammalian erectile response

[258, 259]. Testosterone is recognized to be a crucial

modulator of male sexual behavior, however, the

exact role of this hormone in male erectile function

remains undetermined. In the rat, dog, and rabbit ani-

mal models, androgens particularly testosterone

appears to act at the level of the penile vascular bed,

as well as in portions of the central and peripheral

nervous system to mediate erection [260-270].

Effects of castration on sexual function are evaluated

by observation of copulatory behaviors, penile

reflex, and erectile response electrical stimulation of

the cavernous nerve. Particularly in the rat model,

androgens act centrally to support copulatory beha-

vior and peripherally to maintain constitutive NOS

activity, a-adrenergic stimulation, and support the

veno-occlusive mechanisms. Thus the erectile res-

ponse in the rat is androgen dependent [264, 270-

278]. Castrated rats have a reduction in erectile res-

ponse to cavernosal nerve stimulation 24 hrs after

castration and maximal reduction after 1 to 2 wks

[262]. Androgens appear to exert regulatory control

of penile erection at the level of the hypothalamus in

that castrated rats have a reduction in apomorphine-

induced penile erection and reductions in copulatory

264



behavior [265]. Castrated rats have been used as

models to study veno-occlusive dysfunction because

cavernosal sinusoidal smooth muscle fails to fully

relax and blood flow continues during erection in

castrated rats, suggesting the failure of veno-occlu-

sion [271, 272]. 

An additional method to study androgen deficiency

in the rat has been to remove the adrenal gland. Adre-

nalectomy results in a decline in penile erection in

the rodent to values similar to those found in castra-

ted animals [261]. The rat adrenal gland secretes litt-

le androgens so that after castration, androgens are

virtually absent in the peripheral blood and erections

are lost [279]. Whereas in men, the adrenal cortex

secretes androstenedione and dehydroepiandrostero-

ne sulfate (DHEA) which can be converted into tes-

tosterone and dihydrotestosterone in the periphery

and may be sufficient to sustain the erectile response

after orchiectomy in men. Therefore, in men who

have undergone orchiectomy, the adrenal gland may

sustain the androgens necessary for normal erectile

function. 

Despite these reports of the importance of androgens

in the erectile response of laboratory animals, the

role of androgens in the maintenance of the human

erectile response remains controversial. There does

not seem to be a strong cause and effect relation bet-

ween peripheral blood androgen concentrations and

erectile function; even in severely hypogonadal men,

the erectile response is not always lost, and testoste-

rone treatment of hypogonadal men with ED does

not necessarily restore impaired erectile function

[258]. Therefore, until the exact role of androgens

(testosterone) is delineated in the maintenance of

penile erection in man, the hypogonadal animal

model of ED may be best utilized as a model of

veno-occlusive ED. 

Copulatory behavior is an integrative physiological

process. Thus, observation of male copulatory beha-

vior is the most comprehensive way to evaluate male

sexual function in its normal behavioral context.

However, evaluation of male copulatory behavior is

a difficult task. Because various factors are affected

on male copulatory behavior such as motivation,

erectile function and the behavior of the estrus fema-

le. The interaction of these factors make it difficult to

evaluate a specific function, such as erection, in iso-

lation from other factors of copulatory behavior. 

1. PARAMETERS OF MALE COPULATORY

BEHAVIOR

a) Precopulatory behavior: Male rats sniff and

investigate females’ perineal regions as a precopula-

tory behavior. This behavior is an investigation

(recognition) process for the female and probably

augments sexual excitation. Copulation may not

occur without this precopulatory behavior, because

of insufficient sexual stimulation received by the

female.

b) Mounting and Intromission: Male rats mount the

females dorsally and from the rear. Males show pel-

vic thrusting during a mount. However, the penis

does not insert at every mount. Penile insertion may

entail an extended series of very brief genital

contacts (200-400msec) before ejaculation occurs.

Without females’ lordosis (arched-back posture), the

male’s ability to achieve intromission is reduced

significantly. It is difficult to see intromissions of rats

because of their very brief insertion. Thus, intromis-

sion refers to the skeletal motor patterns associated

with penile insertion. 

c) Ejaculation: Ejaculation occurs after several

intromissions. At ejaculation, male rats show a lon-

ger-intromission period, grasp more strongly the

female’s back with forelimbs and freeze for a couple

of seconds just after ejaculation .

d) Postejaculatory behavior: Postejaculatory inter-

val (the interval from ejaculation to the resumption

of copulation) is several minutes in some species of

rats (Wistar, Sprague Dawley rats). During this

refractory period, male rats show genital grooming

and little locomotion, and do not show any interest in

sexual stimulation from estrus female.

2. MEASURES OF MALE COPULATORY

BEHAVIOR

a) Mounting: The most common measure of moun-

ting activity is a simple count of the number occur-

ring, during the interval between the first mount and

the ejaculation. Increase of this parameter may result

from males’ greater sexual motivation. 

b) Intromission: Less useful is simple count of the

number of intromission occurring in the time limited

test. The relative number of mounts (NM) and intro-

missions (NI) is commonly referred to as the intro-

mission ratio. The ratio NI/ (NM+NI) is most useful

measure. This measure is sensitive to male erectile

capacity or penile sensitivity. However, this ratio is

also reflects the female’s behavior; hyporesponsive

female will decrease this ratio.

XII. MALE COPULATORY BEHAVIOR
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c) Ejaculatory and post ejaculatory interval: The

behavioral measures of ejaculation include the num-

ber of intromissions preceding ejaculation and ejacu-

latory latency. The numbers of intromissions of these

measures are considered to assess the ejaculatory

threshold. The total copulatory potential of the male

may be measured by number of ejaculations occur-

ring within a time limited test. Each post ejaculatory

interval is commonly measured by post ejaculatory

mount latency and the post ejaculatory intromission

latency. 

3. TEST CONDITIONS

Many situational factors affects on measures of

copulatory behavior. Those are females’ estrus

condition, time of day, size of test chamber, compa-

tibility of male and female. Meisel and Sachs [63]

proposed as a hypothetical criterion for test duration

may be “two ejaculations plus the subsequent poste-

jaculatory period, with a time limit of 30 minutes for

first mount, 30 minutes for each ejaculation latency,

and 15minutes for each postejaculatory interval.”

Most rodents are nocturnal animals. Males are more

likely to copulate during dark phase than during the

light phase. Thus most investigators performed

sexual behavior test during dark phase. 

Throughout the circulation, vascular smooth muscle

cells (VSMC) exhibit remarkable structural and

functional diversity and phenotypic heterogeneity. In

part, this diversity is hypothesized to be due to plas-

ticity of each type of smooth muscle cell in response

to physical and chemical stimuli in the microenvi-

ronment. It may also be that the smooth muscle

diversity found in adult blood vessels, has a funda-

mental developmental basis. That is, the site of ori-

gin and/or type of disease state may be a key com-

ponent dictating the phenotype and response charac-

teristics of the cells. Normally their function is to

control vascular tone by contracting and relaxing but

during disease, drug treatment or aging they may

dedifferentiate, produce extracellular matrix, and

invade or migrate through the vessel wall. For

example, it is widely known that aortic intimal

VSMC involved in the vascular remodeling follo-

wing endothelial injury are phenotypically distinct

from their medial counterparts. In fact, these intimal

cells can resemble immature, dedifferentiated

VSMC with fewer contractile proteins and myofila-

ments. Some investigators have hypothesized that

intimal cells share similarities in morphology and

gene expression with fetal or embryonic VSMC, or

cells growing in culture. In contrast, in the intact ves-

sel medial VSMC express a differentiated profile of

proteins associated with contractile function and the

synthesis and maintenance of extracellular compo-

nents of the vessel wall (Table 1).

In the past two decades, investigators striving to

model the biological diversity of vascular smooth

muscle cells during normal development, natural

aging and in disease conditions have made substan-

tial use of in vitro experimentation. However, impor-

tant and widely acknowledged considerations in

researching vascular smooth cell biology via an in

vitro tissue culture approach are the advantages and

disadvantages. Some of these (Table 1) relate to the

overall experimental conditions of cell preparation

or tissue culture conditions that are relevant to any

cells grown in vitro rather than factors specific to

VSM cells. In particular, preparation of primary cell

cultures from tissue samples is noteworthy. 

Other methodological factors are specific to the pro-

perties of the cells being used. In the field of sexual

medicine a ‘tissue culture’ approach to the study of

penile vascular smooth muscle has been used but to

a more limited extent. 

XIII. VASCULAR SMOOTH MUSCLE

CELLS IN VITRO AS A MODEL

SYSTEM IN SEXUAL MEDICINE

RESEARCH
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Table 1 . General Tissue Culture Issues

• Removal of cells from 3-D architecture

• Growth ‘platform’

• Selection bias (enzymatic digestion, explant)

• Primary, passaged or immortalized cells

• Efficiency of plating (survival)

• Growth factor stimulus

• Phenotypic change

• Presence of physical factors

• Presence of chemical factors

• Rate of cell division (cell cycle)

• Cell density

• Degree of cell confluence

• Stage of induced quiescenceÆgrowth

• Degree of genetic heterogeneity 



Tissue culture-based sexual medicine research has

focused predominantly on the major cell type of the

human corpus cavernosum, the vascular smooth

muscle cell. The studies have characterized certain

cellular functions (e.g. contractile and relaxant

effects via vasoactive factors and potassium chan-

nels) and structures (e.g. gap junctions, extracellular

matrix production) although there have also been

some very innovative approaches involving tissue

reconstruction. It is important to recognize that a

conceptual framework which uses findings from tis-

sue culture studies must take into account a number

of issues. In particular, even when using primary cul-

tures of penile vascular smooth muscle cells the ori-

gins of the cells extracted must be recognized. Fur-

thermore, by removing the cells away from their in

vivo environment with respect to: (i) the three

dimensional architecture, (ii) the hemodynamic sti-

muli provided by the circulation and (iii) the paracri-

ne influences of the autonomic nervous system and

endothelial cells, the interpretation of the results

becomes the most significant component of the expe-

rimentation. For example, not only can there be sub-

stantial phenotypic heterogeneity between cells

taken from the corporal sinusoids, helicine arteries,

cavernous or pudendal arteries but the interaction of

these cells with the adjacent endothelium, blood

borne factors or the nerves may be markedly diffe-

rent. Thus, interpretation of findings must reflect an

understanding of the balance between the advantages

and disadvantages of the methodology.

1. ADVANTAGES TO ASSESSING VSMC IN

VITRO

There is no doubt that regardless of the field of inter-

est, tissue culture allows for enhancement of a num-

ber of methodological considerations such as: 

i) isolation and control of experimental variables, 

ii) greater ease of proximal targeting of chemical and

physical stimuli,

iii) ability for single or multi-cellular cell

imaging/analysis of ion fluxes or membrane poten-

tials,

iv) characterization of phenotypic and morphologi-

cal changes in response to various stimuli, 

v) gene transfection studies and (vi) more discrete

analysis of cell cycle regulation and signal transduc-

tion pathways. Many of these properties (see Table

2) can be assessed more extensively in the in vitro

setting without the ‘unknown’ confounding influen-

ce of other factors. In some instances, such as the

characterization of gap junctions or ion channels the

in vitro approach provides the main, if not only,

approach to assessing the function of these very spe-

cific cellular processes. Thus, assessment of VSMC

in vitro can be a very useful model system for inves-

tigating, in a stepwise manner, the regulation of

various properties, functions and structures particu-

larly at the biochemical and molecular level (Table

2).

2. LIMITATIONS OF TISSUE CULTURE-BASED

EXPERIMENTATION

On the other hand, there are a number of methodolo-

gical considerations that limit the in vitro approach

particularly as a result of the difficulty of recapitula-

ting the in vivo environment such as: (i) selection

bias of cells following enzymatic digestion or organ

culture/explant method (i.e. damage to, necrosis or

apoptosis of certain cells leaving behind a more

stress-resistant population of cells), (ii) loss or chan-

ge in numbers of receptors, proteins and enzymes as

a result of the switch from the in vitro to in vivo

environments, (iii) the loss of the three-dimensional

microenvironment removes the relationship between

VSM cells, endothelium, nerves and the circulation,

(iv) the marked change of cellular phenotype during

in vivo to in vivo transition. It may be that these limi-

tations are part of the reason why sexual medicine

researchers have not fully embraced tissue culture

methodology as a model system as much as have

investigators in other areas of cardiovascular resear-

ch (e.g. hypertension, atherosclerosis). 
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Table 2. Specific Culture Properties of VSMCs 

• Density at confluency

• Cell size/ hypertrophy

• Degree of polyploidy

• Rate of cell proliferation

• Contractile properties

• Apoptosis / necrosis

• Extracellular matrix production

• Invasiveness

• Migration

• Growth factor production

• Vasoactive factor production

• Response to chemical and physical stimuli.



3. SPECIFIC RESEARCH TOPICS

There have been numerous areas of research that

have used tissue culture approaches using penile tis-

sue to characterize various cellular structures and

functions. The Christ group has been particularly

strategic in developing an understanding of the pro-

cesses that regulate and are regulated by gap junc-

tions [334,337,338-340,351,364,375]. In addition,

Christ and others have well established culture

models to examine potassium channels both in the

native state and following gene transfection

[336,341,344,352-354,359]. Other investigations

have assessed the contribution of various signalling

pathways although there has been particularly focus

on the cyclic nucleotides, cAMP and cGMP [348-

350, 362, 365, 377, 379]. In vitro approaches using

both animal and human cultured penile VSMC have

been used to assess the response to changes in

various vasoactive substances (NO, ET, VIP,

PACAP, NE, ACh) and growth factors [332, 345,

346, 352, 358, 368, 368, 374, 378,380,381]. Surpri-

singly, despite that smooth muscle cells are intimate-

ly associated with the regulation of their own

microenvironment little research has been done in

the area of regulation of extracellular matrix by vas-

cular smooth muscle (30,31). In vitro model systems

would provide an excellent means of assessment of

VSMC production of collagen as well as the

enzymes involved in extracellular matrix degrada-

tion (matrix metalloproteinases (MMPs) such as col-

lagenases, stromelysins, gelatinases, and membrane-

type metalloproteinases). A number of other aspects

of genital VSMC biology have also received less

attention or are only know becoming areas of resear-

ch interest (see below).

4. CHARACTERIZATION OF NOVEL GENES

ASSOCIATED WITH SMOOTH MUSCLE CELL

DIFFERENTIATION

Tissue culture methodology allows for the develop-

ment of unique human or animal smooth muscle

cells clones with, for example, differential capacities

to convert from a noncontracting-synthetic phenoty-

pe to a contracting-nongrowing phenotypes. In fact,

investigators have cloned several novel genes that

are expressed as these cells differentiate and appear

to be associated with the transition. DNA microarray

technology also allows for genome-wide characteri-

zation of smooth muscle cell phenotypes. This area

of research is forthcoming in the field of sexual

medicine [356, 357].

5. SIGNALLING PATHWAYS IN CULTURE HUMAN

CORPUS CAVERNOSUM

Validated primary cultures of smooth muscle cells

from human and rabbit penile corpus cavernosum,

were used to assess the presence and activity of Rho-

kinase, an enzyme involved in the Ca2+-sensitizing

pathway in smooth muscle cells. Previously, in ani-

mal studies, inhibition of this enzyme was shown to

elicit penile erection by relaxing cavernosal smooth

muscle. In the study by Rees et al [370] Rho-kinase

was demonstrated in the cultured corpus cavernosal

smooth muscle cells both by indirect immunofluo-

rescence and Western blotting and could be inhibited

by Y-27632, in a concentration-dependent manner.

These results demonstrated for the first time expres-

sion and activity of Rho-kinase in human penile

cavernosal smooth muscle cells and suggest that

these cells can provide a cellular model for the study

of enzymes involved in Ca2+-sensitizing pathways.

6. GENITAL TISSUE RECONSTRUCTION USING

CELLS IN CULTURE

Congenital and acquired abnormalities of the genita-

lia would benefit from the availability of transplan-

table, autologous corpus cavernosum tissue for use

in reconstructive procedures. A range of surgical pro-

cedures have been used to restore genitalia although

the scope of the intervention is often limited due to

the scarcity of penile tissue. Experimental studies

have demonstrated that it may be possible to seed

primary cultures of human corporal smooth muscle

cells, obtained during penile prosthesis implantation,

onto biodegradable polymer scaffolds or directly, to

aid the formation of differentiated corpus caverno-

sum smooth muscle in vitro and in vivo [347, 366].

A difficult issue is that although smooth muscle and

endothelial cells are the major components of erecti-

le tissue, reconstitution with connective tissue and

nerves is needed required to attain normal anatomi-

cal and functional corpora. These studies suggest

that the reconstitution of other components of erecti-

le tissue may be achieved in the future using tissue

engineering techniques. 

7. SUMMARY AND CONCLUSIONS

Of the approximately 50 research articles assessed

for this brief review the majority have focused on

specific research topics of particular groups of inves-

tigators. Research in the area of smooth muscle bio-

logy in female sexual function and dysfunction is

noticeably lacking. Thus, the methodological
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approach of tissue culture does not appear to be

ready to take on a larger burden within the research

strategy of sexual medicine scientists, at least in part,

this is likely due to the substantial number of metho-

dological considerations and difficulties in interpre-

tation. Regardless, the tissue culture approach pro-

vides a viable and efficient means of addressing key

research questions particularly at the biochemical

and molecular level. It is not surprising that this

model system falls back in utility in studies trying to

assess structures and functions that require the in

vivo three dimensional architecture and microenvi-

ronment. 

1. INTRODUCTION

It has been more than a decade since it was appre-

ciated that changes in regional cerebral blood flow

(rCBF) during experimentally modified psychologi-

cal activation, as occurring in emotional processes,

can be measured by functional neuroimaging

approaches [384, 385]. The most used techniques are

positron emission tomography (PET) and functional

magnetic resonance imaging (fMRI). 

For many years the knowledge of the central nervous

system (CNS) areas involved in sexual arousal, and

generally in sexual behavior, was mainly dependent

on animal data [386]. Animal models are notably

insufficient to understand human sexual behavior

where, for instance, cognitive aspects play a crucial

role. The availability of neuroimaging techniques

opened the possibility of investigating for the first

time central nervous system correlates of sexual

arousal in humans. 

2. POSITRON EMISSION TOMOGRAPHY (PET)

By means of radioactive ligands, PET can detect

regional cerebral blood flow, metabolic changes, as

well as density and binding of several neurotranmit-

ter receptors. The underlying principle is that a radio-

active isotope emitting positrons (ß+ particles with a

mass equal to an electron but with a positive electri-

cal charge) is integrated into a biological molecule

and injected intravenously. Following activation of a

specific brain region, the local regional cerebral

blood flow increases and the emitted positrons inter-

act with electrons of neighboring atoms, producing

photons. These photons may be detected by an array

of camera detectors placed around the subject’s head

[385].

3. FUNCTIONAL MAGNETIC RESONANCE

IMAGING (FMRI)

fMRI uses the magnetic resonance approach of per-

fusion-based signal intensities of the brain. Activated

areas of the human brain show localized increases in

blood flow that exceed increases in oxygen

consumption; accordingly, the oxygen content of

venous blood increases. The magnetic susceptibility

of oxyhemoglobin and deoxyhemoglobin differs

slightly. Consequently, blood can be used as an endo-

genous contrast agent, as the transient changes in

MR signal that accompany these hemodynamic

events can be recorded with rapid MRI methods.

fMRI allows one to localize functional brain activa-

tion with an accuracy of millimeters and a temporal

resolution of seconds [384, 385]. In particular, com-

pared with PET, fMRI has higher signal-to-noise

ratios, enabling superior temporal correlation bet-

ween brain activation and peripheral response [387]. 

4. METHODOLOGICAL CONSIDERATIONS

Neuroimaging investigations of emotional processes

need specific requirements concerning inclusion cri-

teria and subjective/objective assessments of sexual

arousal. Further considerations pertain to the appro-

priate stimulus selection, when addressing explora-

tion of CNS correlates of sexual arousal.

Inclusion criteria and subjective/objective assess-

ments of sexual arousal: Evaluated subjects should

share the same dominant hemisphere; characteristi-

cally,  right handed individuals are selected. When

investigating emotional processes subjective cogniti-

ve response is desirable, to verify how the adminis-

tered stimulus in fact evoked the target emotion.

Ideally, this subjective response should be collected

immediately following stimulus administration,

minimizing the cognitive component of memory

recall. Such a cognitive task would also warrant the

presence of attention of the volunteer during the sti-

mulus administration. Furthermore, an objective

assessment of the evoked emotion is highly desi-

rable. Specific to the investigation of sexual arousal,

measures of penile tumescence in men and of vagi-

nal lubrication and/or blood flow variations in

women would fulfill such need [388, 389]. Lastly, it

is well appreciated that sexual arousal is androgen

dependent [390]. Accordingly,  it would be desirable

to know the hormonal milieu of the investigated

population.

Stimulus selection and paradigm design: In imaging

studies, several issues need to be addressed in devi-

XIV. BRAIN IMAGING OF SEXUAL

AROUSAL IN HUMANS
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sing a suitable paradigm design, in order to reliably

measure CNS correlates of sexual arousal in humans. 

A crucial step is the identification and precise defini-

tion of a study stimulus effective in inducing the tar-

get emotional response, namely sexual arousal. It is

generally accepted in the sexological literature that

material of overtly sexual or pornographic nature

constitutes a good source of stimuli for a subjective

sexual response [391]. The sexual response’s biolo-

gical equivalents (i.e. lubrication, erection) may also

be objectively measured [388, 389]. Furthermore,

several studies have shown that film clips are more

potent in inducing subjects’ emotional response,

compared to slides or images [392-394]. Notwiths-

tanding this, explicit erotic film clips may induce in

the viewer, besides sexual arousal, several other

emotional reactions, as for instance curiosity, atten-

tion, shame, etc. Therefore, preliminary validation of

visual stimuli for emotional content is strongly advi-

sable.

Functional neuroimaging investigations rely on the

flow-dependent signal difference between baseline

and stimulated behavioral conditions. This ‘subtrac-

tive’ study paradigm aimed at investigating brain

areas associated to sexual arousal should include the

following three stimulus categories:

a) target stimuli: film clips with a high value of both

the affective dimension of pleasure and of sexual

arousal, and being of a clearly sexual nature;

b) positive control stimuli: film clips with a high

value of the affective dimension of pleasure, but with

a medium-low level of sexual arousal;

c) neutral stimuli: film clips with relatively neutral

values of both the affective dimension of pleasure

and of sexual arousal. 

According to the IAPS standardization procedure

[395, 396], pornographic film clips fulfill the requi-

rements of target stimuli, non-professional sport

clips fulfill those of positive control stimuli, and film

clips featuring interior or exterior settings fulfill

those of neutral stimuli.

A recent study investigated both if the subjective

sexual arousal induced by erotic film clips differed in

men and women.  This study examined if the arbitra-

ry selection of positive control stimuli and neutral

stimuli were in fact fulfilling such criteria, in terms

of emotional content [397, 398]. It emerged that it is

not possible to preliminarily define which visual sti-

mulus constitutes an appropriate positive control sti-

mulus or a neutral stimulus, as their emotional ran-

king is widely overlapping. Erotic film clips resulted

in reactions distinct from the other two types of clips

(sport clips and indoor-outdoor film clips) because of

high scores of the investigated dimensions of pleasu-

re and arousal. However,  a striking gender differen-

ce emerged: while men scores grouped these clips in

a well defined high pleasure - high arousal cluster,

women scores conversely produced a wide clip dis-

tribution, with some erotic clips perceived as unplea-

sant, and with others overlapping the scores of

control film clips. While the erotic film clips used in

such study have been extracted by men-directed

movies, it has been reported that women’s subjective

responses may vary, according to the gender of the

erotic movie director [389]. Accordingly, women

directed erotic movies may prove to be more appro-

priate in inducing sexual arousal in women for the

purpose of neuroimaging investigations. It was also

further confirmed that it is of paramount importance

to assess upfront the sexual orientation of the tested

subjects (heterosexual vs. homosexual), and not sim-

ply to assume it. This study accordingly underscored

that studies aimed to investigate sexual arousal by

means of erotic, control and neutral visual stimuli

need a preliminary validation of such stimuli for

emotional content, proposing a “ad hoc” validation

process [397, 398] (Figures 14, 15). 

5. OVERVIEW OF RECENT NEUROIMAGING STU-

DIES ADDRESSING CNS CORRELATES OF

SEXUAL AROUSAL IN HUMANS

Several PET and fMRI investigations recently

addressed CNS correlates of sexual arousal in men

and women [399-403] (Table 3), and two studies

explored the effect of apomorphine SL on brain acti-

vation patterns in psychogenic ED patients, using

sexually explicit film clips (21, 22) (Table 4). These

studies vary, sometimes widely, in terms of paradigm

design, and comparative evaluations may be difficult

to drawn. Nonetheless, some general conclusions

may be drawn (Tables 3, 4).

6. HEALTHY MEN AND CNS NEUROIMAGING

CORRELATES OF SEXUAL AROUSAL

The work of Arnow et al. [403] appears particularly

rigorous in terms of paradigm design, including sub-

jective and objective assessment of sexual arousal.

When penile tumescence was used as a regressor,

they found the right insula/subinsular region, inclu-

ding the claustrum, as the largest and most signifi-

cant region of activation. Such findings are very
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Table 3.  Characteristics of PET and fMRI investigations addressing CNS correlates of sexual arousal in healthy men and

women [385, 394, 399-403], and in two hypogonadal male patients [402].

Table 4.  Characteristics of two PET and fMRI investigations addressing the effect of apomorphine SL on brain activation pat-

terns in psychogenic ED patients [404, 405].



similar to the PET studies of Stoleru et al, [399] and

of Redoute et al. [403]. The insula is involved in vis-

ceral sensory processing, and is activated also follo-

wing vibrotactile stimulation. The authors suggest

that the claustrum/subinsular activation during

visually induced sexual arousal may reflect cross-

modal transfer of visual input to imagined tactile sti-

mulation (19). Other areas activated during penile

tumescence were: hypothalamus and the striatum

(caudate nucleus and putamen), well known to be

involved in sexual response, both in animals and in

humans; and the anterior cingulate cortex (specifi-

cally BA24 and BA 32). The anterior cingulate is lin-

ked to attentional processes, and areas BA 24 – BA

32 are involved in modulating autonomic and endo-

crine functions, including gonadal and adrenal secre-

tions (23). The right middle temporal and middle

occipital gyri (BA 37/19), involved in visual proces-

sing were also activated[402]  (Figures 16, 17). 

Differences in experiment design may explain the

very few activations observed by Arnow et al. at

block analyses, compared with the activations found

by Stoleru et al. with the same analyses in their PET

study. Namely, the positive control clips (sport

scenes) of the Arnow study may have been more

effective compared with the humor conditions of the

Stoleru study [395]. Other experimental design diffe-

rences may account for the substantially different

activation regions between the Arnow and the Park

study. The latter in particular did not include a posi-

tive control stimulus in its study paradigm (Figures

18, 19). 

7. TESTOSTERONE AND CNS NEUROIMAGING

CORRELATES OF SEXUAL AROUSAL IN MEN

It is well documented that neurons in the midbrain,

hypothalamus and amygdala contain receptors for

gonadal hormones, and that through such areas

androgens regulate sexual behavior and motivation

[390]. 

Stoleru et al. found correlations between levels of

plasma testosterone drawn after film presentation,
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Figure 14: Overall scores (men and women) of

the three visual stimuli categories, according to

the IAPS system. Each dot represents the ave-

rage score of 42 healthy heterosexual subjects

over a single film clip. The isolated red dot in a

low arousal / low valence area portrayed a male

homosexual scene. Note the wide score overlap-

ping between sport clips (supposedly fulfilling

the criteria of “positive control”) and

indoor/outdoor ambient clips (supposedly ful-

filling the criteria of “neutral control”) From

Pescatori et al., 2002 [397]

Figure 15 : 2a= men scores of  erotic film clips

only;  2b= women scores of  erotic film clips

only (see text) From Pescatori et al., 2002

[397]
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Figure 16: Average penile turgidity and but-

ton presses for 11 subjects for video 1. Button

A was pressed to indicate sexual interest,

Button B was pressed to indicate onset of

erection and Button C was pressed to indica-

te loss of interest. The onset and durations of

the three different video conditions, erotic,

sports and relaxation (R), are indicated

below the turgidity trace. From Arnow et al.,

2002 [402]

Figure 18:Coronal section demonstrating

brain regions where rCBF was linearly cor-

related with levels of perceived sexual arou-

sal. (a) Anterior cingulate gyrus; (b) head of

caudate nucleus; (c) claustrum and (d) puta-

men. Section is located 4 mm rostral to ante-

rior commissure. Height threshold: z = 4.40,

P < 0. 00001, uncorrected. Right is to the

right. From Redoute et al., 2000 [403]

Figure 17: Turgidity-correlated brain acti-

vations obtained from a random effects ana-

lysis of 11 subjects. Red–yellow colour scale

indicates regions that exhibit significant

correlations with behavioural measures of

penile turgidity. These colour maps have

been superimposed on the average T2-

weighted and stereotaxically normalized

brain volume. (A) SPM99 surface recons-

truction depicting projections of activations

on the right side of the brain. (B) Axial sec-

tion depicting the largest brain activation

observed in this experiment in the right

insula and claustrum. (C) Axial section

illustrating activation in left caudate/puta-

men and right middle temporal/middle occi-

pital gyri (BA 37/19). (D) Axial section

depicting cingulate gyrus activation. (E)

Coronal section illustrating activation in the

right hypothalamus. From Arnow et al.,

2002 [402]



and activation-deactivation areas during visual

sexual stimulation [399]. A positive correlation was

noted for the right middle occipital gyrus (a37) and

the right inferior frontal gyrus (a45). Conversely,

four regions on the left hemisphere [inferior parietal

lobule, inferior frontal gyrus (a46 and a10), and

gyrus frontalis medialis] exhibited a negative corre-

lation with testosterone plasma levels, suggesting

that testosterone modulates negatively their activity

level [399]. 

Park et al. in their fMRI study showed that in hypo-

gonadal patients decreased brain activities can be

restored with testosterone supplementations [400].

They in fact included in their series also two hypo-

gonadal impotent patients. Following 3 months tes-

tosterone supplementation, patients were then re-

challenged with fMRI. They both showed increased

CNS activities. These were striking in the one patient

that started with the lower testosterone level, and at

three months was better normalized by hormonal

supplementation. In this case inferior frontal, cyngu-

late gyrus, insula, corpus callosum, thalamus, globus

pallidus, and inferior temporal areas were now signi-

ficantly activated upon visual sexual stimulation,

similarly to normal volunteers.

8. PSYCHOGENIC ED MEN EXPOSED TO APO-

MORPHINE SL AND CNS NEUROIMAGING

CORRELATES OF SEXUAL AROUSAL

Very recently, two studies assessed the impact of

apomorphine SL administration to men with psycho-

genic ED in CNS correlates of sexual arousal [404,

405]. Both were randomized, double blind, placebo-

controlled studies, and both used as active compound

apomorphine SL 4 mg.

Hagemann et al. evaluated 12 psychogenic patients

in a parallel design PET study, also monitoring peni-

le radial rigidity [404] (RigiScan device). All

patients when challenged with erotic movies showed

significant increases in regional cerebral blood flow

(rCBF) in the inferior frontal cortex bilaterally, and

in the rostral anterior cingulated; while cerebral acti-

vity decreased in both inferior temporal cortices.

Following apomorphine SL further increases in

rCBF were detected in the right superior prefrontal

area, and a >60% rigidity was recorded in 4 of the 6

men receiving the active treatment.

Montorsi et al, through a crossover fMRI study, eva-

luated 10 psychogenic ED patients [405]. During ero-

tic movie viewing, it was noted that, compared to nor-

mal controls, psychogenic patients exhibited a signifi-

cant activation in the cingulate gyrus, frontal mesial

and frontal basal cortex, bilaterally. In these patients,

apomorphine SL normalized the activation of the

above areas, while increasing the extension of the acti-

vated networks, and activating foci in the nucleus

accumbens, hypothalamus and mesencephalon. Fur-

thermore, the right hemisphere was significantly more

activated than the contralateral one. During fMRI,

eight of the ten patients demonstrated penile erection

when challenged with apomorphine SL.

9. FINAL CONSIDERATIONS AND FUTURE

PERSPECTIVES

Neuroimaging investigations of sexual arousal in

humans are capable of record activation of brain areas

in response to visual erotic stimuli. The different

results reported by different authors may reflect diffe-

rences in paradigm design. Only few studies utilized

the three stimulus categories: study (erotic) stimuli,

positive control stimuli, and neutral stimuli. In parti-

cular, in none of the available studies there has been a

preliminary validation for emotional content of the

used visual stimuli. The neuroimaging techniques

PET and fMRI appear very promising for helping to

elucidate many aspects of human sexual behavior. 

10. CONCLUSIONS

A large number of models exist for the study of male

sexual function. Each model has both strengths and

limitations. Practical considerations have led to a great

reliance on rodent models. These have the advantage
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Figure 19: Perceived sexual arousal (PSA) and regional

cerebral blood flow (rCBF) in left anterior cingulate gyrus.

(a) Means and standard deviations of PSA in each condi-

tion. (b) Parasagittal section (4 mm left of midline) showing

the positive correlation between rCBF in the left anterior

cingulate gyrus (Brodmann area 24) and PSA. Height thre-

shold: z = 3.71, P < 0. 0001, uncorrected. Anterior is to the

right. From Redoute et al., 2000 [403]



of cost, ease of handling and a large foundation of bio-

logical knowledge. The disadvantage of rodent

models is that they do not always accurately reflect

human physiology and pathophysiology. Therefore,

validation of any given model must be assessed for a

particular application. The utility of these models is

amply demonstrated by the great expansion of our

understanding of male sexual physiology in recent

years. Future challenges will be to develop more prac-

tical models for functions such as sexual desire, eja-

culation and refinement of models of pathophysiolo-

gical conditions, such as Type II diabetes.
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FOREWORD

The first International Consultation on Erectile Dysfunction held in Paris, France July 1999 was

a milestone in the history of scholarly research in men’s sexual function and dysfunction. The pro-

ceedings of the Congress,” Erectile Dysfunction: 1st International Consultation on Erectile Dys-

function” has become the most quoted reference on men’s sexual dysfunction in the world. 

The ensuing years have seen an explosion of interest in both men’s and women’s sexual function

and dysfunction. There are numerous scientific articles reporting topics from molecular biology

to epidemiology to surgical treatments from all corners of the world. The Second International

Consultation inherited this great tradition and expanded the agenda to cover and update the know-

ledge related to function and dysfunction of both genders. This proceeding is thus correctly

named “Sexual Medicine” with the first volume dedicated to men’s sexual function and dysfunc-

tion and the second to women’s sexual health and dysfunction. 

The more than 200 members of the 19 committees are all internationally known scholars and

experts from the 5 continents of the globe. This marvelous proceeding is the product of 4 prepa-

ratory meetings, 4 days of presentations, debates and discussions in Paris and numerous hours of

hard work of the committee members and their committee chairpersons. Besides the committees

on male-specific conditions such as penile prosthesis, Peyronie’s disease and penile reconstruc-

tion, all other committees are charged to address issues related to both men and women. There-

fore, there is a welcomed huge expansion on the findings of research related to women’s sexual

function and dysfunction in this book. Although the common theme is an update on the science

and expert opinion, individual committees have the freedom to add different flavors to its style

and content- making it a truly world effort in this endeavor. Although evidence-based medicine is

the guiding principle in selecting and analyzing articles, consensus expert opinion and geogra-

phic, religious and cultural factors are also taken into consideration in forming the recommenda-

tions.  

Besides updated information on both men’s and women’s sexual health issues and dysfunction,

several notable topics are new to this book. These include: 1) Quantitatie research vs. evidence

based medicine; 2) Male Sexual Dysfunction Scale (MSDS) - an important project commissioned

by the International Consultation; 3) a brief psychosexual evaluation questionnaire which gives

the clinicians a user-friendly tool to properly evaluate the psychosexual aspect of the patient; 4)

brain imaging; and 5) greatly expanded coverage of sexual dysfunction in women.

This tremendous world-wide task would be impossible without the vision of the International

Consultation, the generous support of various organizations and industry and the flawless coor-

dination by Professor. Saad Koury and his staff. We are also indebted to the important contribu-

tions from all committee members and chairpersons and the 4 vice chairs of this Congress: Drs.

Francois Giuliano, Raymond Rosen, Rosemary Basson and Francesco Montorsi. 

A. Jardin  -  T.F. Lue
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Prof. Robert KRANE Honorary President of the 2nd International

Consultation  on Sexual Dysfunctions  

Robert J. Krane, my mentor, my professor, my chairman, my friend.  You left us too young.  How

do I describe you to people who never knew you?  To put it simply, Bob Krane was a visionary.

At a time when the word "sex" wasn't used publicly by anyone over 30, and no one would dare

complain of impotence, Bob had the vision to see that erectile dysfunction was a real problem

which affected men deeply, and deserved medical attention.  He took it upon himself to learn

more, and brought what we now know as sexual medicine to Northeastern United States.  

I met Bob when I started as a resident at Boston University School of Medicine.  At that time Carl

Olsson was chair of the department.  When Carl left for Columbia, Bob was a natural to take over

the department.  At that time he became the youngest chairman of Urology in the U.S.  

Right from the beginning Bob had a sense that the practice of the future was one of specializa-

tion.  His right hand man was Mike Siroky, who specialized in neurology.  Bob had flown to Texas

to learn from Brantley Scott himself how to implant this newfangled device, the penile prosthe-

sis.  I had always been interested in flow, but Bob turned to me one day and declared, I was to

become the world's expert in penile vascular function.  I had no idea to what he was referring, but

I said yes.   

Bob raised the funds to fly in Vaclav Michal, the developer of the penile microvacscular arterial

bypass procedure, from Czechoslovakia.  Vaclav showed me his technique in Boston and I trai-

ned with one of our local vascular surgeons after he left.  Thus started our first clinic for sexual

dysfunction in 1978, although we couldn't call it that.  It was named the New England Male

Reproductive Center, avoiding the words sex or erectile dysfunction, but we no longer were res-

tricted to just sex therapy to treat out patients.  We added into the mix penile implants and peni-

le revascularization surgery. 

During that time we found funding sources to open a basic science lab, with Inigo Saenz de Teja-

da as director.  Bob knew that an academic practice needed hard science to back it up. In 1988 in

Boston we co-chaired the International Society for Impotence Research, as the ISSIR was known

then.  By then Bob had friends around the world and was known as a brilliant physician and witty,

thoughtful friend.  Many of the world's most renown scientists in the field of impotence were

Bob's personal friends, and attended this meeting. 
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Over the years we learned the various therapies to treat erectile dysfunction.  At the same time

our basic science researchers under the directorship of Abdul Traish and Noel Kim discovered the

role of nitric oxide in smooth muscle relaxation facilitating erection.  Bob Krane encouraged

research and looking beyond the obvious.  Over the years we had fellows from around the world

visit us or train with us.  In Bob's absence we continue with this model. 

Everywhere we travel we find friends of Bob and Bambi's.  

Bob's gift to us was this vision of which I spoke.  The ordinary needed embellishment, the ave-

rage needed education, the picture needed to extend into the future.  This image of Bob helps to

explain his extraordinary ability to bring out the best in people.  It also helps to explain his dri-

ving passion that helped bring the field of sexual medicine to where it is today. 

After helping to found the ISIR and chairing the 1988 meeting, Bob went on to be president for

4 years ED consultation. 

This year marks the 25th anniversary of the clinic started so long ago by Bob Krane to treat impo-

tence, then erectile dysfunction and now sexual medicine.  Along the way he trained scores of

residents, many fellows and hundreds of health care professionals as he traveled the world.  It is

fitting that we remember him to today at the this consultation on sexual dysfunctions. 

This is the legacy Bob leaves us.  Never settle for what is, when we can learn so much more.  Ask

questions.  Talk to people.  Make friends.  In the world Bob was born into talking about sex was

taboo.  Now we proclaim to the world that every human being has a right to health including

sexual health.   

Bob's special legacy to me was his allowing me to follow my passion.  Today this gift continues

to live as I am attempting to follow that vision and create a department of sexual medicine.  But

everywhere I look I see and hear Bob--in his family's faces, in his friends' conversations, in his

former students' research and in myself whenever I have a new idea.   

You left us too young, but thank you Bob for all you have left for us to do, and thank you for the

giving us the passion with which to do it.  We shall follow in your footsteps and leave carry it

through to the next generation.  

Irwin Goldstein
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INTRODUCTION

The International Consultation on Urological Diseases (ICUD)

is a non-governmental organization registered with the World

Health Organisation (WHO). In the last ten years Consultations

have been organised on BPH, Prostate Cancer, Urinary Stone

Disease, Nosocomial Infections, Erectile Dysfunction and Uri-

nary Incontinence. These consultations have looked at publi-

shed evidence and produced recommendations at four levels;

highly recommended, recommended, optional and not recom-

mended. This method has been useful but the ICUD believes

that there should be more explicit statements of the levels of

evidence that generate the subsequent grades of recommen-

dations.

The Agency for Health Care Policy and Research (AHCPR)

have used specified evidence levels to justify recommenda-

tions for the investigation and treatment of a variety of condi-

tions. The Oxford Centre for Evidence Based Medicine have

produced a widely accepted adaptation of the work of AHCPR.

(June 5th 2001 http://minerva.minervation .com/cebm/docs/

levels.html).

The ICUD has examined the Oxford guidelines and discussed

with the Oxford group their applicability to the Consultations

organised by ICUD. It is highly desirable that the recommen-

dations made by the Consultations follow an accepted grading

system supported by explicit levels of evidence.

The ICUD proposes that future consultations should use a

modified version of the Oxford system which can be directly

‘mapped’ onto the Oxford system.

1. 1st Step: Define the specific questions or statements

that the recommendations are supposed to address.

2. 2nd Step: Analyse and rate (level of evidence) the rele-

vant papers published in the literature.

The analysis of the literature is an important step in prepa-

ring recommendations and their guarantee of quality.

2.1 What papers should be included in the analysis ?

• Papers published, or accepted for publication in the peer

reviewed issues of journals.

• The committee should do its best to search for papers

accepted for publication by the peer reviewed journals in the

relevant field but not yet published.

• Abstracts published in peer review journals should be iden-

tified.  If of sufficient interest the author(s) should be asked

for full details of methodology and results.  The relevant

committee members can then ‘peer review’ the data, and if

the data confirms the details in the abstract, then that abs-

tract may be included, with an explanatory footnote.  This is

a complex issue – it may actually increase publication bias

as “uninteresting” abstracts commonly do not progress to

full publication.

• Papers published in non peer reviewed supplements will not

be included.

An exhaustive list should be obtained through:

I. the major databases covering the last ten years (e.g. Med-

line, Embase, Cochrane Library, Biosis, Science Citation

Index) 

II. the table of contents of the major journals of urology and

other relevant journals, for the last three months, to take into

account the possible delay in the indexation of the publi-

shed papers in the databases.

It is expected that the highly experienced and expert commit-

tee members provide additional assurance that no important

study would be missed using this review process.

2.2 How papers are analysed ?

Papers published in peer reviewed journals have differing qua-

lity and level of evidence.

Each committee will rate the included papers according to

levels of evidence (see below).

The level (strength) of evidence provided by an individual study

depends on the ability of the study design to minimise the pos-

sibility of bias and to maximise attribution.

is influenced by:

•  the type of study

The hierarchy of study types are:

- Systematic reviews and meta-analysis of randomised

controlled trials

- Randomised controlled trials

- Non-randomised cohort studies

- Case control studies

- Case series

- Expert opinion

•  how well the study was designed and carried out

Failure to give due attention to key aspects of study methodo-

logy increase the risk of bias or confounding factors, and thus

reduces the study’s reliability.

The use of standard check lists is recommended to insure

that all relevant aspects are considered and that a consistent

approach is used in the methodological assessment of the evi-

dence. 

The objective of the check list is to give a quality rating for indi-

vidual studies.

• how well the study was reported

The ICUD has adopted the CONSORT statement and its wide-

ly accepted check list. The CONSORT statement and the

checklist are available at http: //www.consort-statement.org

2.3 How papers are rated ?

Papers are rated following a « Level of Evidence scale ».

ICUD has modified the Oxford Center for Evidence-Based

Medicine levels of evidence.

The levels of evidence scales vary between types of studies (ie

therapy, diagnosis, differential diagnosis/symptom prevalence

study).   

the Oxford Center for Evidence-Based Medicine Website:

http://minerva. minervation. com/cebm /docs/ levels. html

3. 3rd Step: Synthesis of the evidence

After the selection of the papers and the rating of the level of

evidence of each study, the next step is to compile a summary

of the individual studies and the overall direction of the eviden-

ce in an Evidence Table.

4. 4th Step: Considered judgment (integration of indivi-

dual clinical expertise)

Having completed a rigorous and objective synthesis of the evi-

dence base, the committee must then make a judgement as to

the grade of the recommendation on the basis of this evidence.

This requires the exercise of judgement based on clinical expe-

rience as well as knowledge of the evidence and the methods

EVIDENCE – BASED MEDICINE OVERVIEW OF THE MAIN STEPS FOR 

DEVELOPING AND GRADING GUIDELINE RECOMMENDATIONS.



used to generate it. Evidence based medicine requires the inte-

gration of individual clinical expertise with best available exter-

nal clinical evidence from systematic research. Without the for-

mer, practice quickly becomes tyrannised by evidence, for

even excellent external evidence may be inapplicable to, or

inappropriate for, an individual patient: without current best evi-

dence, practice quickly becomes out of date. Although it is not

practical to lay our “rules” for exercising judgement, guideline

development groups are asked to consider the evidence in

terms of quantity, quality, and consistency; applicability; gene-

ralisability; and clinical impact.

5. 5th Step: Final Grading

The grading of the recommendation is intended to strike an

appropriate balance between incorporating the complexity of

type and quality of the evidence and maintaining clarity for gui-

deline users. 

The recommendations for grading follow the Oxford Centre for

Evidence-Based Medicine.

The levels of evidence shown below have again been modified

in the light of previous consultations.  There are now 4 levels of

evidence instead of 5.

The grades of recommendation have not been reduced and a

“no recommendation possible” grade has been added.

6. Levels of Evidence and Grades of Recommendation

Therapeutic Interventions

All interventions should be judged by the body of evidence for

their efficacy, tolerability, safety, clinical effectiveness and cost

effectiveness.  It is accepted that at present little data exists on

cost effectiveness for most interventions.

6.1 Levels of Evidence

Firstly, it should be stated that any level of evidence may be

positive (the therapy works) or negative (the therapy doesn’t

work).  A level of evidence is given to each individual study.

• Level 1 evidence (incorporates Oxford 1a, 1b) usually

involves meta-anaylsis of trials (RCTs) or a good quality

randomised controlled trial, or ‘all or none’ studies in which

no treatment is not an option, for example in vesicovaginal

fistula.

• Level 2 evidence (incorporates Oxford 2a, 2b and 2c)

includes “low” quality RCT (e.g. < 80% follow up) or meta-

analysis (with homogeneity) of good quality prospective

‘cohort studies’.  These may include a single group when

individuals who develop the condition are compared with

others from within the original cohort group.  There can be

parallel cohorts, where those with the condition in the first

group are compared with those in the second group.

• Level 3 evidence (incorporates Oxford 3a, 3b and 4)

includes: 

good quality retrospective ‘case-control studies’ where a group

of patients who have a condition are matched appropriately

(e.g. for age, sex etc) with control individuals who do not have

the condition.

good quality ‘case series’ where a complete group of patients

all, with the same condition/disease/therapeutic intervention,

are described, without a comparison control group. 

• Level 4 evidence (incorporates Oxford 4) includes expert

opinion were the pinion is based not on evidence but on

‘first principles’ (e.g. physiological or anatomical) or bench

research.  The Delphi process can be used to give ‘expert

opinion’ greater authority.  In the Delphi process a series of

questions are posed to a panel; the answers are collected

into a series of ‘options’; the options  are serially ranked; if

a 75% agreement is reached then a Delphi consensus sta-

tement can be made.

6.2 Grades of Recommendation

The ICUD will use the four grades from the Oxford system.  As

with levels of evidence the grades of evidence may apply either

positively (do the procedure) or negatively (don’t do the proce-

dure).  Where there is disparity of evidence, for example if there

were three well conducted RCT’s indicating that Drug A was

superior to placebo, but one RCT whose results show no diffe-

rence, then there has to be an individual judgement as to the

grade of recommendation given and the rationale explained.

• Grade A recommendation usually depends on consistent

level 1 evidence and often means that the recommendation

is effectively mandatory and placed within a clinical care

pathway.  However, there will be occasions where excellent

evidence (level 1) does not lead to a Grade A recommen-

dation, for example, if the therapy is prohibitively expensive,

dangerous or unethical.  Grade A recommendation can fol-

low from Level 2 evidence.  However, a Grade A recom-

mendation needs a greater body of evidence if based on

anything except Level 1 evidence

• Grade B recommendation usually depends on consistent

level 2 and or 3 studies, or ‘majority evidence’ from RCT’s.

• Grade C recommendation usually depends on level 4 stu-

dies or ‘majority evidence’ from level 2/3 studies or Dephi

processed expert opinion.  Grade C recommendation is

given when expert opinion is delivered without a formal ana-

lytical process, such as by Dephi.

• Grade D “No recommendation possible” would be used

where the evidence is inadequate or conflicting.

7. Levels of Evidence and Grades of Recommendation

for Methods of Assessment and Investigation

From initial discussions with the Oxford group it is clear that

application of levels of evidence/grades of recommendation for

diagnostic techniques is much more complex than for interven-

tions.  The ICUD recommend, that, as a minimum, any test

should be subjected to three questions:

1. does the test have good technical performance, for example,

do three aliquots of the same urine sample give the same

result when subjected to ‘stix’ testing?

2. Does the test have good diagnostic performance, ideally

against a “gold standard” measure?

3. Does the test have good therapeutic performance, that is,

does the use of the test alter clinical management, does the

use of the test improve outcome?

For the third component (therapeutic performance) the same

approach can be used as for section 6.

8. Levels of Evidence and Grades of Recommendation  for

Basic Science and Epidemiology Studies

The proposed ICUD system does not easily fit into these areas

of science.  Further research needs to be carried out, in order

to develop explicit levels of evidence that can lead to recom-

mendations as to the soundness of data in these important

aspects of medicine.

CONCLUSION

The ICUD believes that its consultations should follow the

ICUD system of levels of evidence and grades of recom-

mendation, where possible.  This system can be mapped

to the Oxford system.

There are aspects to the ICUD system that require further

research and development, particularly diagnostic perfor-

mance and cost effectiveness, and also factors such as

patient preference.

P. Abrams, S Khoury, A. Grant 19/1/04
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