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The modern era in sexual medicine started in the
1970s when a few devoted pioneers and visionaries
began to revolutionize our thinking and under-
standing in this field.

Prior to that time, sexual dysfunctions in men,
particularly erectile disorders, were thought to be
purely psychogenic or in rare cases caused by testos-
terone deficiency. Treatment of sexual disorders was
considered to be predominantly the business of sex-
therapists or rarely of endocrinologists. And at that
time, knowledge about female sexual disorders was
practically non-existent; female sexuality was little
more than a blank spot in sexual medicine.

The introduction of completely new surgical pro-
cedures, such as corpus cavernosum revasculariza-
tion and penile implants, for the treatment of
impotence, and the invention of new and creative
diagnostic procedures, such as penile angiography,
dynamic cavernosometry and penile Doppler
ultrasonography, expanded our knowledge in this
field and contributed to the better understanding of
the causes and treatments of sexual dysfunctions.
Several exceptional medical scientists deserve to be
considered the true pioneers of this novel thinking in
sexual medicine. First, Vaclav Michal, a Czechoslo-
vakian vascular surgeon, introduced the concept of
passive erection for the diagnosis of vasculogenic
erectile dysfunction and the technique of penile ar-
terial revascularization for the treatment of vasculo-
genic impotence. Jean-Francois Ginestié and A.
Romieu, the inventors of the radiologic exploration
of impotence, introduced selective pudendal arteri-

ography and dynamic cavernosography as key pro-
cedures in the diagnosis of vasculogenic impotence.
M.P. Small and H.M. Carrion invented the first inter-
nationally marketed rigid penile implant and B.
Scott invented the first hydraulic penile implant.
Gorm Wagner focused his scientific investigations on
the physiologic and pathophysiologic processes in-
volved in sexual responses and how they contribute
to the manifestation of sexual dysfunctions in both
sexes. Dr Wagner later became the first President of
the International Society for Impotence Research,
later renamed the International Society for Sexual
Medicine. In the late 1970s, Adrian W. Zorgniotti, of
New York University, gave the new scientific field of
sexual medicine an organizational framework by
convening the first and second conferences on “Cor-
pus Cavernosum Revascularization” in 1978 in New
York and in 1980 in Monte Carlo. After 1980, these
conferences were continued at two year intervals,
becoming first the World Congresses of Impotence
Research in the 1980s and 1990s and then the Con-
gresses of the International Society for Sexual Medi-
cine in the first decade of the new century. Gathering
biennially up to 2000 physicians and researchers
from around the world, the first several of these Con-
gresses made it clear that considering sexual dys-
functions as purely psychogenic was inaccurate and
a new era in the history of sexual medicine was
launched.

Having attended all these Congresses since 1980,
we learned in person of the rapid progress being
made in the field of sexual medicine. This book, the

Preface

xi
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xii Preface

work-product of the Standards Committee of the In-
ternational Society for Sexual Medicine, classifies
what has been accomplished so far and identifies
where the main emphasis of future trends may be.
This book updates current knowledge and present
standards in the field of sexual medicine for both
genders. It demonstrates as well the growing impor-
tance of female sexual medicine and psychology.

With this statement, we would like to express our
thanks to all the members of the ISSM Standards
Committee, especially to the Chairmen and Chair-
women of the respective sub-committees. Without
their dedicated and untiring engagement, this work
would never have happened in such a short time.
Our deep gratitude extends also to the exceptional
contribution of Astrid Brendt and the superb work of
Helen Harvey and Blackwell Publishing without

whose dedication and support this project could not
have been completed.

By increasing knowledge in sexual medicine of
many thousands of colleagues who deal with sexual
dysfunctions across this globe, we hope that the
work of the ISSM Standards Committee will provide
even better health services in this medical discipline.
It is our wish that this work will enhance sexual
health and quality of life for the tens of million of
couples world-wide who face the challenges of
sexual dysfunction.

Hartmut Porst, MD
Chairman

Jacques Buvat, MD
Co-Chairman

ISSM Standards Committee
2006
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It is a mystifying paradox that among the most im-
portant functions of the human body, sexuality has
drawn more public attention than any other, yet
sexual function is one of the last areas to receive the
careful attention of medical scientists.

Many studies have shown that sexual health is a
very important element of overall health and quality
of life. Yet in both the developed and the developing
worlds, social taboos and religious restrictions sur-
round human sexuality. In some places, ignorance
about sexuality, illogical mores and/or irrational rit-
ual practices impede medical research, interfere with
medical education about sexual health, contribute to
the propagation of sexually-transmitted diseases
and/or prevent individuals from achieving a fully
healthy and happy life.

Since its inception in 1982, the International
Society for Sexual Medicine (ISSM) has strived to
alter the paradox between the immense impact that
sexuality has on human behavior and the limited
state of scientific research and knowledge in human
sexuality. The basic goal of the Society has been to 
introduce sound scientific knowledge to the experi-
mental and clinical aspects of sexual medicine. In
addition, ISSM aims to guide the field of sexual
medicine into a position of prominence and pre-
stige in the panoply of healthcare disciplines; to
promote public education about sexual health; and
to provide its members with a rich international
environment for the exchange of scientific ideas 
and information.

In its global efforts to promote the highest stan-
dards of research, practice and treatment in sexual
healthcare, ISSM conducts international scientific
meetings in every continent, maintains an inter-
national registry of sexual health problems and
promotes scientific publications in female and male
sexual medicine. For example, the Society’s official

journal, The Journal of Sexual Medicine, has become
widely acknowledged as the leading journal, by all
standards, in this field.

Standard Practice in Sexual Medicine is another mile-
stone in the history of the ISSM. As the Society
addresses a multiplicity of challenges in sexual
medicine, we are heartened at the focused conso-
nance in this book between clinical problems and
contemporary scientific literature. As its name
states, this comprehensive volume proposes stan-
dards for current practice of both male and female
sexual medicine and provides direction for future in-
vestigation. At the crossroads of our quest to en-
hance the quality of life for man and womankind,
this book will be an invaluable source for many years
to come, not only for the deeply inquiring young sci-
entific mind but for the more seasoned practitioner
as well.

We must be certain to recognize the Herculean ef-
forts of the far-sighted Editors, Dr Hartmut Porst and
Dr Jacques Buvat, and all of the individual chapter
authors in making this book a reality. We are espe-
cially indebted to Dr Buvat who, during his term as
President of ISSM, had the vision to create the ISSM
Standards Committee. This scholarly book is the first
work of that committee. The prodigious scientific
contribution of Drs Porst and Buvat in compiling this
book is an extraordinary legacy to the future of sex-
ual medicine. On behalf of the ISSM, we place on
record our sincere gratitude for their uncompromis-
ing and timely efforts.

P. Ganesan Adaikan
President

Ira D. Sharlip
President-Elect

International Society for Sexual Medicine
September 2006

Foreword

xiii
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Introduction

Preclinical research typically involves the use of ani-
mal models of human sexual response, and is often
conducted to investigate the effects of pharmacolo-
gic agents, instrumentation, new devices, or surgical
procedures prior to clinical trials. This research may
also examine certain side effects of such treatment;
however, preclinical research may also include
human tissue experiments or biochemical experi-
ments with human products, e.g. native or recombi-
nant enzymes. For the sake of simplicity, studies of
toxicology, carcinogeniticity, fertility, and safety will
not be included in the definition.

The key issue for clinicians is the ability to extrap-
olate the preclinical results to human clinical popu-
lations, and in particular to determine the likelihood
that a treatment will be successful or will warrant
subsequent human tests. Besides studies conducted
in anesthetized animals that have been extremely
useful in the study of sexual physiology, behavioral
experiments are crucial to providing a more integra-
tive approach to understanding the physiologic and
pathophysiologic aspects of sexual function and 
dysfunction.

In all species, sexual behavior is directed by a com-
plex interplay between steroid hormone actions in
the brain that give rise to sexual arousability, and ex-
perience with sexual reward or pleasure that gives
rise to expectations of competent sexual activity, in-
cluding sexual arousal, desire, and performance.
Sexual experience allows animals to form instru-
mental and Pavlovian associations that predict 
sexual outcome and thereby direct the strength of

sexual responding. Although the study of animal
sexual behavior by neuroendocrinologists has tradi-
tionally been concerned with mechanisms of copu-
latory responding; more recent use of conditioning
and preference paradigms, and a focus on environ-
mental circumstances and experience, has revealed
behaviors and processes that resemble human 
sexual responses.

Accordingly, we have summarized behavioral
paradigms used with rodents and other species that
are analogous or homologous to human sexual
arousal, desire, reward, and inhibition. At a superfi-
cial level, human copulatory behavior does not
resemble copulatory behavior in animals. For exam-
ple, there is no human counterpart to female rat
lordosis (at least not as an unambiguous, estrogen-
dependent postural display of sexual receptivity in
females), and human sexual behavior is so shaped by
experience and learning that it seems to defy hor-
mone actions that are critical to the display of animal
sexual behavior. However, insights into the human
experience can indeed be derived from animals, and
in ways that are far less difficult scientifically and eth-
ically to obtain than from human populations.

We have not referenced any experimental tech-
niques because this was far beyond the scope of this
chapter. Instead, we have proposed a list of review
papers that will provide the reader with more in-
depth insight into different experimental models.

What is required for a good 
animal model?
Predictive validity is the most important requisite of
an appropriate animal model. In addition to this, 

CHAPTER 1

Preclinical Research and Animal Models
in Sexual Medicine
François Giuliano, Kevin McKenna, Balasubramanian Srilatha, and James G. Pfaus

1
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animal models should be simple and practical
enough to have “high throughput”, meaning the
ability to have experiments conducted relatively
quickly. Issues of sample size and ease of testing 
and analysis are key factors. The validity of any ho-
mologous or analogous animal model can only be
determined in situations that test whether a treat-
ment that modifies behavior in the animal does so in 
humans.

Any animal “system” in which the homology or
analogy has predictive validity to human responses
or physiologic processes (and can be replicated) is a
good model. If the model is practical from an experi-
mental standpoint, then it will likely be used more
than models that are cumbersome. In addition, the
more information that is gathered from a particular
model, the more the model will be used because it
has a large literature associated with it. Rats continue
to be the most frequently used animals in the study
of sexual behavior. There are many reasons for this,
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the most obvious 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 re-
semble humans in many analogous and homologous
ways. Certain tissues and neuroendocrine systems 
in rats are strikingly similar to our own (e.g. the
physiologic control of erection, or uterine tissue
growth following estrogen treatment).

Rectification of terms
In humans, sexual dysfunctions form around the
categories of sexual arousal, desire, orgasm, and
pain. Arousal may be separated into physiologic 
genital arousal (sometimes referred to as “potency”)
and subjective or psychologic arousal that denotes a
conscious awareness of the genital sensations. How-
ever, this psychologic arousal may be an important
component of sexual desire (sometimes referred to
as “libido” or “motivation”). Sexual arousal and
desire sum into behavioral responses of copulation

Penile erection
Recording of intracavernous pressure increases in anesthetized or conscious 

animals
Penile reflex tests
Ex copula erections
In vitro studies of cavernosal strips / penile artery reactivity (organ baths)
Cavernosal smooth muscle cells culture
Biochemical studies of erectile tissue

Ejaculation
Mating test: latency to ejaculate
Urethrogenital reflex (anesthetized)
PCA-induced ejaculation (anesthetized or conscious)
Pudendal motoneuron reflex discharge (anesthetized)
Electrical stimulation of peripheral nerves (anesthetized)

La Peyronie’s disease
TGF-β1-induced La Peyronie’s like condition

Priapism
Rabbits exposed to corporal hypoxia, then penile erection elicited by neural 

stimulation and the base of the erect penis clamped
eNOS−/− and nNOS−/−, eNOS−/− mice

Female peripheral sexual arousal
Anesthetized dogs, rabbits and rats: vaginal vasculo-muscular response along 

with clitoral tumescence induced by peripheral electrical neural stimulation.

Table 1.1 Experimental paradigms
that can be used as rodent models of
human sexual functions. eNOS,
endothelial nitric oxide synthase;
nNOS, neural nitric oxide synthase;
PCA, p-chloroamphetamine; TGF-β1,
transforming growth factor beta 1.
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Table 1.2 Paradigms that can be used as rodent models of human sexual behavior (from Pfaus et al., 2003).

Sexual arousal
Males

Penile reflex tests (physiologic erectile function; responses to somatosensory stimulation)
Noncontact erections (“psychogenic” erectile function; responses to primary or secondary conditioned sexual cues)
Copulatory measures: latency to mount, intromit or ejaculate (shorter latency = greater arousal)
Enforced interval effect (model of premature ejaculation)
Coolidge effect (increased arousal by changing sexual stimuli)

Sexual desire
Females and males

Excitement (motor responses in anticipation of sexual activity or in response to hormonal stimulation)
Instrumental responding (desire to obtain a sex partner)
Sexual preference paradigms (desire to obtain unconditioned or conditioned sexual incentive characteristics)
Copulatory measures

Males
Pursuit (desire to obtain sex partner)

Females
Solicitation, hops and darts (desire to initiate sexual activity)
Pacing (desire to regulate copulatory contact; increased pacing = decreased desire for copulatory contact)
Lordosis (receptivity to vaginal penetration)
Lateral tail displacement in hamsters (receptivity to vaginal penetration)

Sexual reward
Females and males (to examine what aspect of sexual responding is rewarding, e.g. copulatory stimulation vs. ejaculation in
males, or the ability to control sexual interaction in females):

Operant responding for primary or secondary sexual reinforcers
Conditioned place preference
Unconditioned or conditioned partner preference
Conditioned copulatory behavior (e.g. copulatory responses in places paired with sexual or other rewards, or in the 

presence or absence of conditioned incentive cues)

Sexual inhibition
Females

Copulatory behavior after several ejaculatory series
Estrus termination
Tests using ovariectomized females primed with estrogen alone

Males
Primary sexual inhibition (using access to nonreceptive females)
Second order sexual inhibition (using odors or other stimuli paired with access to nonreceptive females).
Recovery from sexual exhaustion

(sometimes referred to as “performance”). The terms
used in the animal literature often do not resemble
those in the human literature, and a rectification 
of terms is necessary to translate between animal 
and human sexual functions. We propose the 
Incentive Sequence Model (Fig. 1.1) as a place to
begin such a rethinking of nomenclature and 

to bridge the gap between animal research and the
clinical practice.

Male Sexual Function

Peripheral sexual reflexes (erection and ejacula-
tion), copulatory behaviour (mounts, intromissions,
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Female rat

Male rat Male human

Female human

Appetitive Precopulatory
(Proceptive)

Consummatory
(Receptive)

Excitement
 Grooming
 Investigation
 Motor activation

Instrumental
 Preference

Fantasy
Excitement
Preparatory

Masturbation
Copulation

Preparatory

Grooming
Investigation
Motor activation

Fantasy
Excitement
Preparatory

Masturbation
Copulation

Instrumental
 Preference

Excitement

Preparatory

Refractory period
(PEI)

Lordosis

Sexual desire

Instrumental
Preference

Solicitation

Pacing

Defensive

Arousal

Pursuit

Solicitation

Arousal

Foreplay

Genital
stimulation

Mounts

Intromissions

Ejaculations

Sexual desire

Instrumental
Preference

Refractory period
(PEI/exhaustion)

Refractory period

Solicitation

Arousal

Foreplay

Refractory period
Orgasm

Orgasm

Genital
stimulation

Appetitive

Appetitive Precopulatory Consummatory

Precopulatory Consummatory Appetitive Precopulatory Consummatory

Fig. 1.1 Incentive sequences for human and rat sexual
behaviors. This model provides a conceptual way to
denote classes of homologous or analogous behaviors
between the species (and sexes). The behavioral stream
moves from left to right, through appetitive,
precopulatory, and consummatory phases of behavior.
This conforms to the movement of animals from distal to
proximal to interactive with respect to the sexual
incentive. Three types of appetitive responding reflect
relative degrees of learning and necessity. “Preparatory”
behaviors are learned responses that animals must make

in order to acquire the incentive (e.g. operant behaviors,
pursuit, etc.). “Anticipatory” behaviors are learned
responses that occur in anticipation of an incentive, but
are not necessary to obtain it (e.g. conditioned
psychomotor stimulation that characterizes behavioral
excitement). Unlearned appetitive responses also exist
that are instinctual (e.g. unconditioned anogenital
investigation). These aspects of behavior also occur once
copulatory contact has been made, especially if copulation
occurs in bouts (as it does in rats). From Pfaus, 1999.

SPS01  8/1/06  11:13 AM  Page 4



Preclinical Research and Animal Models in Sexual Medicine 5

and ejaculation), and appetitive conditioned sexual
responses (e.g. conditioned arousal), have been 
examined in a variety of species. In most cases, 
sexual physiologic and behavioural responses are
extremely similar between the species, making the
generation of analogies and homologies, and their
application to human male function and dysfunc-
tion, straightforward.

Penile erection
Experimental research on penile erection dates from
at least the 19th century, with the work of pioneer
physiologists such as Eckhardt, Langley and Ander-
son. Subsequently, during the 20th century signifi-
cant advances were achieved thanks to the work of
Semans and Langworthy in the 1930s, veterinary re-
searchers performing experiments in conscious bulls
and stallions in the 1970s, Sjöstrand using plethys-
mography to quantify penile erection in the rabbit,
and then work by Lue’s and Goldstein’s groups in the
1980s, providing the scientific and medical commu-
nity with experiments conducted in dogs, monkeys
and rabbits that show the vascular component of 
penile erection and the crucial role of cavernosal
smooth muscle fibers. Quinlan then introduced the
first rat model to measure penile erection. More re-
cently, investigations of penile erection have been
performed in mice, opening the door to studies con-
ducted with genetically modified animals.

From a physiologic perspective, it appears that

there is a close similarity between local mechanisms
of penile erection between non-human mammals
and human males except for the role of striated mus-
cles, which are less important in humans compared
to various animal species.

Evaluation of erectile response in
anesthetized animals
The gold standard for quantitative measurement of
penile erection during experiments conducted in
anesthetized and conscious animals is the recording
of intracavernous pressure (ICP), also measurable in
conscious animals by telemetry. It is noteworthy that
ICP is closely dependant from arterial blood pres-
sure. Penile erection can be elicited in anesthetized
animals by electrical stimulation of peripheral
nerves, i.e. pelvic or cavernous nerves (Fig. 1.2). It
can also be elicited by electrical or chemical stimula-
tion applied to brain structures. Drug delivery every-
where in the periphery (from intracavernosal
injections to oral gavage) or within the central ner-
vous system, including brain and spinal cord, is
feasible in anesthetized animals to study their effect
on penile erection.

Animal models have been widely used to establish
the effects of phosphodiesterase-5 (PDE-5) inhibi-
tors, and they have been predictive for the human
situation for this class of compounds. There are cru-
cial questions to be answered before extrapolating
experimental data to humans, including: is the

Arterial blood
pressure

Intracavernous
pressure

Emptying
rate

Filling
rate

40
0

20

40

60

80

100

120

140

160

180

1 2 3 4 5

60 80 100

Electrostimulation

120 140 N

BPE

ICPE

200

m
m

 H
g 

Fig. 1.2 Computer tracing of original
recording of intracavernous and
arterial blood pressures when
stimulating cavernous nerve (6 volts,
10Hz. 1 millisecond). 1: flaccid state; 2:
latent phase; 3: tumescence phase; 4:
maximal tumescence of the corpora
cavernosa; 5: detumescence phase.
ICPE and BPE were mean values of
intracavernous and arterial blood
pressures during full phase. Filling rate
of corpora cavernosa is slope of 
increase of intracavernous pressure
during tumescence phase. Slope of dra-
matic drop of intracavernous pressure
after end of stimulation represents
corpora cavernosa emptying rate.
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receptor targeted by the compound under investiga-
tion the same in animals as compared to the human
male and does it play the same role; e.g. intracaver-
nosal prostaglandin E1(PGE1) injections do not elicit
penile erection in many animal species. When inves-
tigating the proerectile effect of pharmacologic com-
pounds in animals, the following aspects must always
be taken into account: dose used, route of adminis-
tration, pharmacokinetics, half-life, metabolism of
the studied compounds, etc.

In vitro reactivity studies of erectile tissue
These experiments are conducted in the investiga-
tion of the local cellular mechanisms of penile erec-
tion. Cavernosal strips from various animal species
and humans have been studied in organ baths. These
tissues are either pharmacologically precontracted,
e.g. with phenylephrine, or electrically stimulated
(electrical field stimulation) to elicit the release of
neurotransmitters contained within the nerve termi-
nals present in the tissue. Numerous compounds (e.g.
prostanoids, α-adrenoceptor blockers, endothelin
antagonists, PDE-5 inhibitors) have been found to be
able to relax cavernosal strips by targeting various in-
tracellular systems. Primary cell cultures derived
from animal or human corpus cavernosum have also
been used as in vitro models to define cellular mecha-
nisms involved in erectile function.

Pathophysiologic models of 
erectile dysfunction
A wide variety of pathophysiologic models of erectile
dysfunction (ED) have been proposed, aiming to
mimic the numerous pathologic conditions responsi-
ble for ED in clinical practice. A non-exhaustive list of
these models comprises: hypertensive rats, athero-
sclerotic rabbits, diabetic rats and rabbits, aged rats,
castrated rats, cavernous nerve-injured rats, alcohol-
treated, or nicotine-treated rats. The question of 
extrapolation to humans using these various experi-
mental conditions must always be asked before
drawing conclusions regarding applicability. It is note-
worthy that there is no established standard in this do-
main, therefore we propose that the endpoints must
be analogous or homologous (e.g. the restoration of
erectile capability sufficient for copulation).

A special caution must be paid to castrated ani-

mals: many conclusions regarding the role of testos-
terone on penile erection have been drawn from ex-
periments conducted in castrated rats; unfortunately
this experimental paradigm is very different from the
human situation, which is highly prevalent—i.e. the
ageing male with partial androgen deficiency syn-
drome due to age in males (PADAM). So far no reli-
able model of PADAM has been proposed.

Due to advances in molecular biology, genetically
engineered mice have now become available. Al-
though the ultimate goal of these models is to devel-
op gene therapy to rectify gene activity, transgenic or
knockout mice have recently contributed to our un-
derstanding of the physiologic mechanisms of erec-
tile function, as well as to various pathophysiologic
processes occurring during ED.

Study of erection in conscious animals
In conscious rats, penile erections can be studied in
isolation to obtain measures of physiologic arousal,
or in response to different types of sexually arousing 
stimuli (e.g. noncontact erections in response to
estrous odors) to obtain measures of psychogenic
arousal.

Ex copula reflex erection is a commonly used
unanesthetized rat model of erection. The rat is light-
ly restrained in a supine position and the penis is
retracted from the sheath. Relatively predictable
“spontaneous” penile erections are thus elicited. Ex
copula reflex erections are generated by spinal reflex
mechanisms and modulated by supraspinal control.
The effects of drugs and various central neural lesions
can be examined in this model. It has the advantage
in that it does not involve social interaction with the
female and it examines penile reactions directly.

Several pharmacologic agents acting at different
central brain regions have been shown to elicit pe-
nile erection in conscious rats during ex copula penile
erection tests, i.e. in isolation. Penile erection during
these tests has been inferred from a series of motor
acts like standing on the hind limbs, the head of the
animal oriented towards the genital area, licking of
the genital area, contractions of the hip muscles, and
sometimes by direct observation of protrusion of the
glans. It remains unknown whether or not the puta-
tive neural structures representing targets for these
“proerectile drugs” are all activated during the 
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penile erection that occurs in several natural con-
texts (sleep, copulation, psychogenic, reflex).

Male rats (but only pigmented strains) also show
an analogy of “psychogenic erection” in response to
the presence of estrous females, even when physical
contact is prevented. A model of noncontact erec-
tions (NCEs) in rats was developed by Sachs and col-
leagues, and is studied in the presence of an
inaccessible receptive female behind a mesh screen,
or behind a series of walls with an air circulation sys-
tem that brings the estrous odors to the male’s com-
partment. Erections in response to these salient
sexual cues are viewed as a model of psychogenic
erection because they do not require direct so-
matosensory stimulation to be induced. The neuro-
chemical and hormonal mechanisms that control
their expression have been studied in detail. Analysis
of NCEs following discrete brain lesions has demon-
strated important distinctions in the neural control
of copulatory performance and erectile capability.
Drugs that enhance noncontact erections also in-
duce a “penile erection and yawning syndrome” in
rats in the absence of sexual stimulation. NCEs offer
at least one advantage over the study of erection dur-
ing copulation: they do not require complex motor
responses or direct social interaction. This makes
their study relatively less ambiguous as a measure of
subjective sexual arousal. One concern is that the de-
pendence of these responses on olfactory stimuli is
unlike human sexual responses, which are more de-
pendent on visual and auditory cues. However, ol-
faction is analogous to vision in this case, as the
former is the dominant sense in rodents, whereas 
the latter is the dominant sense in humans.

Conclusions
Experimental research has been very productive re-
garding the physiology, pathophysiology and phar-
macology of penile erection. There exist several
rodent models of penile erection, from higher neural
control down to molecular events within the erectile
tissue. Although care must always be taken before
extrapolating quickly from experimental data to the
clinical situation, there is a high degree of pre-
dictability from rat models to men. Nature appears to
have conserved mechanisms of erection in mam-
malian males.

Ejaculation and male orgasm
Most of the experimental work done so far for the in-
vestigation of ejaculation is based on behavioral ex-
periments. Ejaculations in rats can be studied much
the same way they are studied in humans, with the
latency from first mount or intromission to ejacula-
tion being the key variables (Fig. 1.3). Male rats 
typically ejaculate following several penile intromis-
sions, and can ejaculate several times before becom-
ing sexually exhausted, in which the male no longer
responds to estrous odors or female solicitations.
During successive ejaculatory series, the refractory
period or post ejaculatory interval between each
ejaculation and the subsequent resumption of copu-
lation increases progressively. Penile intromission
requires erection, and ejaculation typically requires
sensory feedback from the penis that accumulates
with multiple intromissions. The number of intro-
missions before ejaculation, the number of ejacula-
tions achieved in a timed test, and the length of the
post ejaculatory interval, are all dependent on auto-
nomic arousal and can be enhanced or disrupted by
drugs that have similar effects on copulatory perfor-
mance in men. For example, drugs that delay or
abolish orgasm in men (e.g. selective serotonin re-
uptake inhibitors such as fluoxetine, paroxetine), in-
crease the ejaculation latencies and reduce the total
number of ejaculations in rats. As in men, the re-
duced ability to ejaculate is more pronounced in rats
following long-term daily administration. Acute al-
cohol intoxication also delays ejaculation in men
and male rats.

90 1 2 3 4 5 10

Mount

Intromission

Ejaculation

Mount latency
Intromission latency

Ejaculation latency

Post-ejaculation latency = refractory period

Min.

Fig. 1.3 Typical copulatory pattern in the male rat over a
10-min period.
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Experimental investigation of ejaculation
in anesthetized rats
Compared to penile erection much less research has
been conducted in anesthetized animals in order to
elucidate the physiology and the pharmacology of
ejaculation. However, four interesting paradigms
have been developed:
1 Urethrogenital reflex: the urethrogenital (UG) reflex
is elicited by mechanical stimulation of the urethra 
in anesthetized and spinalized rat. Such a stimula-
tion causes a spinal reflex to occur that consists of
rhythmic contraction of the bulbospongiosus (BS)
and the ischiocavernosus (IC) striated muscles asso-
ciated with penile erection. It may be considered as
mimicking the expulsion phase of ejaculation.
2 PCA-induced ejaculation: A model of pharmacologic
induced ejaculation; p-chloroamphetamine (PCA) is
an amphetamine derivative that liberates cate-
cholamines and serotonin (5-hydroxytrptamine, 5-
HT) from monoaminergic nerve terminals. Systemic
administration of PCA has been reported to induce
ejaculation in both conscious and anesthetized rats.
Pharmacologic data indicate that the primary role in
mediating the effect of PCA on ejaculation involves
5-HT, whereas noradrenaline (NA) appears to be of
secondary importance.
3 Electrical stimulation of peripheral nerves and ejacula-
tion: in anesthetized rats, electrical stimulation of the
hypogastric nerve can partially reproduce the ejacu-
latory process, i.e. eliciting a rise in seminal vesicle
and bladder neck pressures that correspond respec-
tively to seminal vesicles contractions and closure of
the bladder neck, but it fails to induce the expulsion
reflex.
4 Pudendal motoneuron reflex discharge: the recording
of electrical activity in the efferent branch of the ejac-
ulatory reflex, i.e. the pudendal motor response dis-
charge (PMRD) elicited by the electrical stimulation
of the afferent branch of the expulsion reflex—the
dorsal nerve of the penis, is thought to be an experi-
mental model representing events that occur in hu-
mans during sexual intercourse and that culminate
with the expulsion of sperm.

Orgasm and the consequences 
of ejaculation
Although it is not known whether male rats experi-

ence orgasm during ejaculation, the peripheral re-
flexes appear very similar. Moreover, ejaculation is
absolutely necessary for male rats to show subse-
quent evidence that sex was rewarding or “pleasur-
able”. For example, ejaculation is required for the
induction of conditioned place and partner pre-
ference in male rats. These preferences are not
displayed if males are administered the opioid antag-
onist naloxone during conditioning, suggesting that
ejaculation induces the activation of endogenous
opioids in the brain that mediate the critical reward-
ing properties of sex.

Conclusions
This research is still in its infancy. Apart from behav-
ioral studies, there is a need for standardization and
more research is definitely mandatory in this area.
There is no model available, for example, to investi-
gate delayed or absent ejaculation or painful ejacula-
tion, and the experimental equivalent of the male
orgasm is lacking.

Sexual motivation and “desire”
Desire has always been difficult to define objectively.
In the DSM-IV-TR, the diagnosis of hypoactive sexual
desire disorder is given when “desire for and fantasy
about sexual activity are chronically or recurrently
deficient or absent.” By converse logic, then sexual
desire is the presence of desire for, and fantasy about,
sexual activity. This definition appears coherent but
is circular. How does desire manifest itself?

Like people, animals manifest sexual excitement
behaviorally. They increase their motor output in an-
ticipation of copulation and work for the opportunity
to copulate or to obtain primary or secondary (condi-
tioned) sexual rewards associated with copulation.
Animals will also choose between two or more sexu-
al incentives based on the strength of the incentive
cues and the animal’s own internal drive state. What
characterizes these behaviors is that they occur be-
fore copulation: Courtship, operant responses, con-
ditioned locomotion in anticipation of sex, time spent
near a particular sexual incentive, or choices made
between two or more incentives, can all be consid-
ered analogies of anticipatory sexual desire. The
strength of the behavior can be observed as increases
or decreases, or can be tested by increasing the crite-
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rion level of responding that animals must attain 
before they are given access to rewards. Simply put,
animals with more “desire” will display more robust
behavior than animals with less desire. Desire can
also be inferred from certain appetitive responses
that occur during copulation, such as solicitation in
females or chasing behavior in males. A growing
body of evidence indicates that these aspects of sexu-
al behavior are altered in a relatively selective fashion
by certain drugs that are known to alter desire in
humans (e.g. by drugs that affect dopamine or
melanocortin receptors).

Models of male sexual dysfunctions
Erectile dysfunction
Male rats that do not perform sexually are typically
taken out of behavioral studies, so there is very little
known about their actual erectile responsiveness.
This proportion is generally low, especially if the
males are pre-exposed to the test chambers prior to
their initial sexual experiences. Some of these males
do not display any interest in the female, and do not
initiate any kind of sexual activity. However, other
males display sexual interest and mount repeatedly,
but do not achieve vaginal intromission. The lack of
intromission may stem from an inability to achieve
erection. Indeed, erectile responses in isolation and
intromissions during copulation are both very sensi-
tive to disruption by several classes of drug, including
psychomotor stimulants, dopamine and noradren-
ergic antagonists, and opioid agonists. Acute or
chronic treatment with selective serotonin reuptake
inhibitors (SSRIs) does not appear to alter erectile re-
sponses or the number of intromissions prior to ejac-
ulation. This profile of pharmacologic sensitivity is
strikingly similar to clinical observations and anec-
dotes in men, thus male rats may be a useful model 
of drug-induced, if not also stress or vascular
disease–related erectile dysfunction.

Premature ejaculation
In 1956, Knut Larsson published a series of studies
that described many ways in which sexual reflexes
and behaviors could be conditioned by experience.
In one of these paradigms, called the “enforced inter-
val effect”, male rats were given repeated access 
to females that were removed physically from the

testing chamber by the experimenter after every 
intromission. In this way, Larsson was able to vary
the time between intromissions and found that male
intromission intervals that lasted longer than normal
resulted in males that learned to ejaculate with far
fewer intromissions. One of the interpretations of
this data was that the imposition of longer intromis-
sion intervals made males more sympathetically
aroused, and led to either a faster ejaculation or one
that required less tactile penile stimulation. This
model of hyperstimulation of sympathetic out-
flow by either highly stimulating, unpredictable, or
stressful sex, formed part of the basis of Masters and
Johnson’s model of premature ejaculation a decade
later. Despite this, the model has not been developed
further, nor has it been used widely to examine drug
effects.

More recently it was reported that natural 
differences are found in the ejaculation latencies of
male rats, which may indicate a more biological ex-
planation of premature ejaculation that shares some
of the characteristics of human premature ejacula-
tion. In pooled populations of male albino Wistar rats 
during a 30 min standardized mating test, three 
categories of males were identified: (1) males 
that displayed a low number of ejaculations (0 to1) 
and were considered as sexually “sluggish” or 
“hypo-sexual”; (2) a second category of rats that
showed a range of two or three ejaculations and
were considered as “normal” ejaculators; and (3)
males who displayed four or five ejaculations and
were considered as “rapid” ejaculators or “hyper-
sexual” rats. The number of ejaculations across the
various studies was distributed according to a Gauss-
ian curve: on one side approximately 10% of rats dis-
play “hypo-sexual” behavior and on the other side
10% display “hyper-sexual” behavior after at least
four successive weekly sexual tests of 30min. Inter-
esting differences were found between the “slug-
gish” and “rapid” groups of rats with regard to a
variety of other parameters of sexual behavior, re-
sembling clinical symptoms of men suffering from
retarded and premature ejaculation, respectively.

The “hyper-sexual” animals have been further 
investigated in order to know whether they could 
be used as a model for human premature ejacula-
tion. Compared to “normal” ejaculators, ejaculation
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latency was shorter in “rapid” ejaculators and 
longer in “sluggish” ejaculators. Intromission and
mount frequencies, the latter being considered as a
putative index of sexual motivation, did not differ be-
tween the three categories of ejaculators, suggesting
no differences in appetitive components of sexual be-
havior. When investigating the effects of 8-hydroxy-
2-di-n-propylamino-tetralin (8-OH-DPAT) in these
three categories of males, this compound was shown
to induce a statistically significant increase in the
number of ejaculations displayed by “sluggish” and
“normal” rats, and to decrease in a statistically signi-
ficant way the ejaculation latency in the “sluggish”,
“normal” and “rapid” rats.

This experimental paradigm, despite the fact it 
has been recently reported and not yet confirmed 
by others, appears as extremely attractive. Indeed
“hyper-sexual rats” likely represent a pathophysio-
logic model of premature ejaculation. It remains 
to be seen whether drugs that can counteract 
premature ejaculation in men can increase the 
latency of male rats to ejaculate in this condition. 
It also remains to be studied whether such males 
are uniquely susceptible to an “enforced interval 
effect”.

Delayed ejaculation
Conversely, some male rats ejaculate infrequently,
or take a long time to achieve ejaculation. As men-
tioned above, this can be induced pharmacologically
with alcohol or chronic treatment with SSRIs, such
as fluoxetine or paroxetine. It remains to be deter-
mined whether the subset of sexually “sluggish”
male rats found in normal populations can be uti-
lized as models of delayed ejaculation.

Hypoactive sexual desire
Some male rats do not copulate despite extreme at-
tempts on the part of sexually receptive females to
get them to do so (including repeated mounting of
the male by the female). Some of these males can be
stimulated to copulate with low levels of electric
shock, tail pinch, or treatment with low doses of psy-
chomotor stimulants, like amphetamine, suggesting
that a more general hypoarousability mediates their
lack of responsiveness. Stress may also induce hypo-
sexual responsivity in male rats, especially if it is pre-

sent during their early sexual experience. For exam-
ple, a sizable proportion (often nearly 50%) of male
rats will not copulate during their first trial with sex-
ually receptive females unless they are pre-exposed
to the testing chamber. Indeed, a large proportion of
these noncopulators will never copulate, despite re-
peated exposure to receptive females. Novel envi-
ronments are stressful to male rats, and induce the
activation of endogenous opioids. Treatment with
the opioid antagonist naloxone can reverse this 
novelty-induced stress effect.

Another way to study hypoactive desire in male
rats is to examine their sexual responsiveness fol-
lowing multiple ejaculations, a phenomenon known
as “sexual exhaustion”. Male rats are able to ejacu-
late several times before becoming unresponsive.
During this period of sexual activity, there is a pro-
gressive increase in the post-ejaculatory refractory
period consonant, with a decrease in the number of
intromissions before each ejaculation and a length-
ening of the interintromission interval (a state that
suggests a progressive loss of erectile function as the
number of ejaculations increases). After males be-
come sexually exhausted, they remain unresponsive
to female solicitations for up to 72hrs. Rodriguez-
Manzo and colleagues have examined the ability of
several classes of drug to increase the responsiveness
of these males, including the opioid antagonist
naloxone, 8-OH-DPAT, and the α2 presynaptic au-
toreceptor antagonist yohimbine. Only yohimbine
increased the proportion of males that mounted,
intromitted, and displayed an ejaculatory-like be-
havioral pattern (but without seminal emission),
suggesting that a decline in adrenergic activity is 
an important component of inhibited sexual desire
in males.

La Peyronie’s disease
An experimental model of transforming growth fac-
tor beta1 (TGF-β1)-induced La Peyronie’s like condi-
tion in the rat has been proposed by Tom Lue’s group.
The fibrosis is induced by a single injection of TGF-β1
in the tunica albuginea of Sprague Dawley rats. Fol-
lowing TGF-β1 injection, a dramatic influx of in-
flammatory cells is observed in the tunica albuginea,
whereas the normal architecture of the tissue re-
mains preserved. At two weeks, the inflammation 
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decreases and the tunica albuginea structure is dis-
turbed, which leads to fibrosis development both in
the tunica albuginea and the adjacent corpus caver-
nosum of the penis at six weeks. This fibrosis is con-
sidered as a La Peyronie’s-like condition because it
exhibits biochemical and structural features that are
similar to the human La Peyronie’s disease plaque.
Therefore, this animal model appears as a relevant
tool to test innovative La Peyronie’s disease pharma-
cologic strategies.

Hypogonadism/agonadism
In male rats, castration or the administration of 
androgen synthesis inhibitors, like cyproterone ac-
etate, disrupt and ultimately eliminate copulatory
behaviors and penile reflexes progressively over
time. They also shrink androgen sensitive peripheral
tissues (e.g. penis and prostate). Although the 
degree of disruption depends on the amount of 
androgen synthesis inhibition that is induced (e.g.
moderate following low doses of cyproterone acetate
to total disruption following castration), the amount 
of time it takes to reach an asymptotic level of 
behavioral or reflexive performance depends on the
level of sexual experience male rats have prior 
to treatment. In each case, subsequent exogenous
administration of androgens or estrogens can restore
sexual interest and copulatory behavior, with
nonaromatizable androgens (such as dihydrotes-
tosterone) restoring peripheral tissues, and aro-
matizable androgens (e.g. testosterone) restoring
behavioural measures. As with hypogonadal men,
restoration of copulatory responses in castrated rats
requires a threshold dose of aromatizable androgen
that can restore plasma levels lower than those
found in gonadally intact, functional animals (high-
er circulating levels are required for additional ana-
bolic effects on muscle). It is striking, however, that 
appetitive sexual responses are the least affected 
by castration and can be maintained for months 
following. This finding echoes observations that
treatment of sex offenders with androgen synthesis
inhibitors does not reduce certain appetitive patterns
of abuse (e.g. fondling), despite the fact that these
men do not achieve erection. There are currently no
models of age–related hypogonadism, although a
decline in the sexual responsiveness of older male

rats (>one year) has been reported in a few studies.
However, castrated males can be maintained on
subthreshold doses of testosterone prior to behav-
ioral tests, or on a threshold dose followed by a
progressive lowering of the dose regimen to mimic 
a more progressive decline, such as might be seen
clinically.

Female Sexual Function

Gonadally-intact female rats of reproductive age 
go into sexual “heat” every four to five days immedi-
ately after ovulation. This process is initiated by the
sequential actions of estrogen and progesterone (and
possibly also androgens) in the brain and periphery,
so that sexual behaviour shows an “estrous cycle”.
Although women (and certain other primate 
females) can engage in sexual activity through-
out their menstrual cycle, there is a peak rise in 
female-initiated sexual activity around the time of
ovulation, suggesting that estrogen–induced neuro-
chemical systems have been conserved throughout
mammalian evolution.

Peripheral sexual reflexes (e.g. vaginal blood
flow), copulatory behaviour (solicitations, pacing,
lordosis), and appetitive conditioned sexual re-
sponses (e.g. conditioned arousal) have been exam-
ined in female rats (Fig. 1.4), rabbits, and primates
such as macaques. The physiologic mechanisms that
regulate vaginal blood flow are extremely similar 
between species, and more is known about the 
hormonal and neural regulation of the reflexive 
posture lordosis (the dorsiflexion of the back that 
denotes sexual “receptivity” in many species) than
any other sexual reflex. Recent work has also begun
to elucidate the hormonal and neural control of
complex behaviors used by females to regulate the
initiation and rate of copulation, offering a real 
potential to utilize female rats as models for human
sexual function.

It is important to emphasize that compared to
human males, in whom ability to achieve and main-
tain erections sufficient for sexual activity is also
good for self-esteem related to competent sexual
performance, in women there is no clear relation-
ship between physiologic performance and sexual
desire. The subjective feeling of sexual arousal 
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results more from cognitive processing of stimulus,
meaning and content than from peripheral vasocon-
gestive feedback. Indeed, there are well-identified
discrepancies between physiologic and subjective
measures of sexual arousal in women, and often no
correlation between them (e.g. following treatment
with PDE-5 inhibitors). It is not yet known how vagi-
nal responses are integrated with behavioral re-
sponses. It remains questionable that increased
vaginal blood flow could be perceived by females and
participates in the stimulation of behavioral mea-
sures of sexual arousal. Accordingly, a more integra-
tive approach is necessary to investigate female
sexuality experimentally.

Genital sexual arousal
Upon sexual arousal, the blood supply to the vagina
is rapidly increased and at the same time the venous
drainage is reduced, thus creating vasocongestion
and engorgement with blood. Such an increase in
blood flow combined with an enhanced permeabili-
ty of the capillary tufts induces a neurogenic transu-
date, which results in vaginal lubrication. From

arousal to orgasm, there is also an increase of vaginal
luminal pressure.

Reliable and standardized models to study the
physiology/pharmacology of female vaginal sexual
arousal have been described in dogs, rabbits and 
rats. In these models, vaginal sexual arousal along
with clitoral tumescence is induced by peripheral
electrical neural stimulation, while direct measure-
ments of various vaginal physiologic variables are
performed. These models have been useful to initiate
the exploration of the peripheral physiology of 
female genital sexual response as well as the 
consequences of various experimental pathophysio-
logic conditions (e.g. atherosclerosis or hormonal
deprivation).

Female orgasm, the urethra–genital
reflex, and the consequences of 
paced copulation
It is not known whether female rats experience 
anything like orgasm during sex. However, like
males, they display a genital reflex, called the 
“urethro–genital reflex” that is reminiscent of the 

(a)

• Presenting and earwiggle
• Approach

• Genital investigation

• Mounting • Lordosis
• 1st Intromission

(b)

Fig. 1.4 Sexual behaviors displayed by male and female
rats. (a) Line drawing of proceptive behaviors (presenting,
ear wiggling and approach) and receptive behavior
(lordosis) displayed by the female that evokes interest,
investigation, chasing, and copulatory responses (mounts,
intromissions, and ejaculation) in the male. (b) Female
and male sexual behavior in a bilevel testing chamber. Top

left: Female (right) makes a headwise orientation toward
the male (left) characteristic of a solicitation. Top right:
Female hops over the male to reveal her anogenital region,
allowing the male to sniff and become aroused. Bottom
left: Female runs away, forcing the male to chase her.
Bottom right: Female holds a lordosis posture that allows
the male to mount and gain vaginal penetration.
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orgasmic response in women. This reflex can be 
induced and studied in isolation by applying a 
mechanical stimulation to the urethra of anes-
thetized, spinalized female rats. The urethro–genital
reflex includes rhythmic contractions of the vagina,
uterus, and the anal sphincter, as well as the 
striated pelvic musculature. Stimulation of the 
urethra may mimic stimulation of the anterior wall
of the vagina, which is the area with the highest
“erotic” sensitivity. Indeed, the anterior wall of 
the vagina has a denser innervation than the poste-
rior wall, and the distal area has more nerve fibers
than the proximal.

During copulation, female rats typically control
the initiation and rate of contact with males. In 
the same way that ejaculation is critical for condi-
tioned sexual responses in males, the ability of 
female rats to pace their copulatory contact is critical
for the induction of conditioned place or partner
preferences. As in males, these consequences of 
sexual stimulation are blocked by administration of
the opioid antagonist naloxone, suggesting that 
opioid activation is a critical feature of the sexual 
reward experienced during paced copulation. In ad-
dition, pacing imposes a delay between successive
vaginal intromissions by the male. This delay distrib-
utes the vaginocervical stimulation that females 
receive over time, an effect that enhances reproduc-
tive capability and fertility in the female. Vaginocer-
vical stimulation during orgasm in women may 
have a similar enhancing effect on reproductive 
capability.

Copulatory behavior and measures of
female sexual motivation or “desire”
As in males, female sexual behavior can be divided
into sequential appetitive and consummatory com-
ponents (Fig. 1.1). In the female rat, these aspects 
of sexual behavior are also referred to as proceptive
and receptive components, two different aspects of
sexual behavior displayed by estrous females in the
presence of sexually-active males. To solicit atten-
tion and approach of the male, the female displays a 
variety of active proceptive behavioral patterns, 
including solicitations, hops and darts, and ear-
wiggles. As mentioned above, receptivity has been
used to describe the behavioral postures assumed by

females to allow mounting by a male, with the 
lordosis reflex being the best known and most stud-
ied response. Unfortunately, there is no counterpart
for lordosis in women. In contrast, psychologic
arousal or desire in women is likely to be very close to
proceptivity. For this reason, the study of proceptive
behaviors is also relevant to any preclinical investi-
gation of potential of compounds for the treatment
of female sexual disorders or dysfunctions (FSD). In-
deed, recently it has been reported that the
melanocortin agonist, PT-141, increased rates of sex-
ual solicitation and hops and darts in female rats se-
lectively. This same drug increased female-initiated
sexual activity in early Phase IIa clinical trials. These
two observations were critically important to begin
to establish solicitation as a valid model of female
sexual desire.

Models of female sexual dysfunctions
Hypogonadism/agonadism and
hypoactive sexual desire
Although there are currently no established models
of female sexual dysfunction in rats, there are 
several reasons to believe that such models 
could exist. The most obvious would be the conse-
quences of hypogonadism induced by ovariectomy
followed by maintenance with different doses 
of estrogen alone, or estrogen and progesterone.
Ovariectomized rats treated with estrogen and 
progesterone display a complete pattern of procep-
tive and receptive behaviors, whereas those treated
with estrogen alone display no proceptive 
behaviors, low levels of lordosis, and high rates 
of rejection responses. Certain pharmacologic
treatments (e.g. apomorphine, oxytocin, PT-141), 
are able to increase proceptive behaviors and 
reduce rejection responses in ovariectomized 
females treated or maintained on estrogen alone.
This pattern of data suggests that such drugs may 
be useful in the treatment of hypoactive sexual 
desire disorder, with or without accompanying 
hypogonadism.

A similar loss of interest in sexual activity occurs
during the phenomenon of “estrous termination”.
Estrous termination occurs progressively after the
female receives a requisite number of intromissions
and ejaculations during sex. It can also be induced by
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manual vaginocervical stimulation using a lubricat-
ed glass rod that approximates the size of a male rat
penis, and that is inserted to mimic the stimulation
received during intromission. The first behavioral set
to disappear is solicitation, and this precedes a rise in
rejection responses. Females given vaginocervical
stimulation also show a faster loss of lordosis over the
next 12hrs, compared to females given sham stimu-
lation. It would appear, then, that sexual stimulation
in females, as in males, activates inhibitory systems
that bring about refractoriness. It is not yet known
how different pharmacologic treatments might
delay the onset of estrous termination, and whether
such effects might prove useful in treatment of low
desire.

It will be important to consider how androgen
administration may alter sexual behavior in ova-
riectomized females, with or without estrogen treat-
ment. Currently, combined androgen—estrogen
treatment is used in postmenopausal women to
restore sexual desire and arousal. It should be
straightforward to examine this combined hormone
therapy in ovariectomized rats and categorize the
effects, along with studying potential mecha-
nisms (e.g. steroid receptor activation and inter-
action, role of peripheral sex hormone binding 
globulins).

It will also be critical to study the sexual behavior
of older female rats. Female rats have a homologue
of “menopause” in which ovarian function is 
disrupted then declines to a continuous state of 
vaginal diestrus (accompanied by a progressive atro-
phy of the vagina and clitoris). It is not known how
these females would respond to sexual advances 
by a male, or to manually applied vaginocervical
stimulation.

Hypoactive sexual arousal
Treatment of rats with the peripheral nitric oxide
inhibitor nitro-L-arginine-methyl ester (L-NAME)
reduces vaginal blood flow. It is not yet known 
if this treatment alters female sexual behavior.

Hypoactive sexual 
desire/conditioned inhibition
Female rats treated with the opioid antagonist
naloxone during paced copulatory trials do not form
conditioned place or partner preferences. Such pref-

erences are typically examined on a final test, when
the drug is not administered (thus revealing the ne-
cessity of opioid reward during paced copulation).
However, during this final test without the drug, fe-
males previously treated with naloxone display a
conditioned disruption of solicitation and lordosis
relative to saline-treated females, despite being
primed fully with estrogen and progesterone. As a
result, males engage in fewer intromissions and
achieve fewer ejaculations with those females. A
pattern of diminished sexual solicitation and recep-
tivity, which leads to more restricted sexual 
contact with males, is analogous in many ways to 
the pattern of sexual behavior displayed by women
with hypoactive sexual desire disorder. It is not 
yet known if this pattern of disrupted appetitive 
sexual behavior can be restored by pharmacologic 
or experiential treatments that increase desire in
women.

General Conclusion

Real progress has been made in understanding 
the neuroanatomical and neurochemical mecha-
nisms of erection, ejaculation, solicitation, and 
other sexual responses, and in the design of rational
pharmacologic treatments for certain sexual 
dysfunctions. We have begun to examine the 
mechanisms that underlie desire, and how sexual
stimulation and reward impact on endpoints like
sexual arousal, desire, attractiveness, and even mate
choice. Progress in these areas could not have been
made without the help of animal models. The evolu-
tion of sexual physiology and behaviour have 
been highly conserved, therefore animal models 
of human sexual response can be used successfully 
as preclinical tools so long as the functional 
endpoints are homologous or analogous, and 
carry predictive validity. When setting up 
testing paradigms to study preclinical models 
of human sexual function in laboratory animals, 
it is essential to ask the animals human questions
that they can answer in their own species–specific
manner. Although standardization of models (and of
paradigms between laboratories) is critical, this
should never limit the inspired intuition of re-
searchers or clinicians to envision new models or
paradigms.
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Guidelines and Recommendations
for Setting up a Preclinical Lab in
Sexual Medicine

Research questions
The selection of a research topic is the most funda-
mental decision in establishing a preclinical labora-
tory in sexual medicine. This decision will control all
subsequent considerations, such as research models
and techniques, collaborative arrangements and
funding needs. Clearly, the choice of a research pro-
gram will be heavily influenced by one’s interests
and background. However, an often overlooked, but
important, consideration is opportunity, such as the
opportunity to achieve distinction, funding opportu-
nities, or the opportunity to establish collaborative
relationships with research groups that may have re-
search techniques that can be usefully applied to
questions in sexual medicine.

For the starting investigator, an important ques-
tion to ask is what will be necessary to achieve both
success and distinction? This can be difficult in an
area which is already somewhat mature or has a
number of well-established labs working in it. In a
mature field, many of the bigger questions may have
been answered. This may leave only opportunities to
investigate details of previously-identified mecha-
nisms, with reduced opportunities for recognition.
Trying to compete against established labs can also
lead to difficulty in achieving recognition. The new
investigator with a small laboratory still developing
techniques will be hard pressed to publish the first or
the most comprehensive results compared to a larger
established lab.

One approach is to identify research areas that are
comparatively understudied. Some of the more fun-
damental questions may remain to be answered,
with correspondingly higher recognition. The disad-
vantage to this approach is that understudied areas
may lack well defined research models or they may
be understudied precisely because they are too chal-
lenging. However, new investigators can often find 
a niche because they can see research fields with
fresh eyes.

Selection of models
The selection of the appropriate model is crucial to
progress. This chapter and others referenced here

provide useful considerations on this topic. The new
investigator should also seek advice from mentors
and investigators in sexual medicine to help make
these decisions about experimental models. Luckily,
the field of sexual medicine is fairly new, with a rela-
tively small, collegial community. Established in-
vestigators want to encourage growth of the field,
and therefore are generally willing to help new 
investigators.

Experimental techniques
The choice of research models will dictate what re-
search techniques will be needed. If these are new
methods for the investigator, there are many ap-
proaches to acquiring the necessary technical skills.
Some may be relatively straightforward to learn on
one’s own, using the literature. However, it may save
considerable time to visit labs using the techniques to
learn the little details and learn to troubleshoot prob-
lems. Other techniques may require more for-
mal training. Many courses on scientific techniques
are offered by professional societies and equip-
ment/reagent manufacturers. Longer visits or mini-
sabbaticals to other labs may also provide the
necessary training.

Collaborations
Developing collaborative relationships can be ex-
tremely useful, or even essential for the new investi-
gator, especially someone with a demanding clinical
practice. Except in very large institutions, there are
unlikely to be many other researchers in sexual med-
icine. Therefore, the most likely collaborators will be
in related areas of cellular and molecular biology,
physiology and pharmacology, endocrinology, or
neuroscience, depending on the research topic. The
collaborative arrangements can range from simply
trading technical help to a complete sharing of labs.
Typically, these relationships will begin with rather
limited interactions and grow over time. It is proba-
bly unrealistic to expect that a potential collaborator
will commit to an extensive interaction from the
start. It is also likely that attempts at collaboration are
not successful. Beyond the scientific interaction, the
personal relationship is important.

In a successful collaboration, everyone must feel
that they are benefiting. People often will be willing
to provide limited help (such as teaching a 
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technique) without expecting something in return.
For a longer-term project, they will often need
reasons to justify their expenditure of time and
effort. The new investigator must identify the possi-
ble benefits of collaboration. These could be an 
entry into a young, interesting field with many
opportunities, access to new sources of funding, or
additional people, such as fellows, to work in 
their lab.
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Introduction

Psychologic and interpersonal factors play a major
role in both the etiology and maintenance of sexual
problems. However, especially in men, the impor-
tance of these factors has been downplayed due to
the initial success of the novel phosphodiesterase
type 5 inhibitors (PDE-5i) for the treatment of erec-
tile dysfunction. More recently, as men discontinued
treatment with PDE-5 inhibitors at higher than ex-
pected rates, the importance of the potential psycho-
logic and interpersonal influences in the etiology,
maintenance and course of treatment of male sexual
dysfunction has regained prominence.

This chapter offers a holistic, patient-centered
approach for the evaluation of male sexual dys-
function via clinical interviews and self-adminis-
tered questionnaires. It highlights the salience of
psychologic and interpersonal issues in the devel-
opment and maintenance of sexual health, and
presents a four-tiered paradigm for understanding
the evolution and maintenance of sexual problems.
Finally, this chapter will briefly review the ratio-
nale and efficacy of psychologic interventions for
male sexual dysfunction, and the role of innova-
tive, integrated treatment paradigms, and will offer
recommendations for clinical management and
future research.

Etiological Background of Sexual
Dysfunction from a Psychologic/
Interpersonal Perspective

Sexual dysfunction is typically influenced by a
variety of predisposing, precipitating, maintaining

and contextual factors [1]. There are no current data
available to suggest that any one factor is more im-
portant than another. Predisposing factors include
both constitutional (e.g. congenital illness, anatomi-
cal deformities) and prior life experiences, such as
problematic attachments, neglectful or critical par-
ents, restrictive upbringing, sexual and physical
abuse and violence. Predisposing factors are often as-
sociated with a greater prevalence of sexual dysfunc-
tion and emotional difficulties in adult life. While
some individuals appear less vulnerable and more
resilient in the face of stressors, others are more
susceptible.

Precipitating factors are those that initiate or trig-
ger sexual problems. For any one individual it is
impossible to predict which factors, under what cir-
cumstances, will impair sexual desire or perfor-
mance. Nonetheless, an individual’s vulnerability to
a particular set of circumstances can precipitate sex-
ual dysfunction. For instance, traumatic events such
as the discovery of a spouse’s infidelity may cause
one man to lose his sexual desire while another
man’s desire may increase. While initially a precipi-
tating event may be problematic and distressing, it
need not necessarily lead to a diagnosable dysfunc-
tion in the long term. Over time however, repetition
of such events, especially those that damage self-
confidence and self-esteem result in sexual dysfunc-
tion, even in reasonably resilient individuals.
Examples of such precipitating events include con-
flictual separation or divorce, a sudden brush with
death through an accident or disease process, or
unsatisfying sexual experiences.

Finally, maintaining factors such as relationship
conflict, performance anxiety, guilt, inadequate
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sexual information or stimulation, psychiatric dis-
orders, loss of sexual chemistry, fear of intimacy,
impaired self-image or self-esteem, restricted fore-
play, poor communication and lack of privacy, may
prolong and exacerbate problems, irrespective of
the original predisposing or precipitating condi-
tions. Maintaining factors also include contextual
factors that can interfere or interrupt sexual activ-
ity, such as environmental constraints or anger/re-
sentment towards a partner. Each of these four
factors adversely contributes to, or diminishes, both
the individual’s and the couples’ ability to sustain
an active and satisfying sexual life. Often there is
not a clear distinction between predisposing and
precipitating and precipitating and maintaining fac-
tors. For instance, anxiety can increase an individ-
ual’s vulnerability to sexual dysfunction as a
common predisposing factor; it can also serve as a
maintaining factor leading to sexual avoidance or
arousal inhibition.

• Recommendation 1. Clinical assessment should aim to
identify the predisposing, precipitating, maintaining and
contextual factors related to the individual’s sexual
dysfunction.

Clinical Assessment

Sexual function assessment in the male
As recommended by the 2nd International Consul-
tation on Sexual Dysfunction [2] the sexual, medical
and psychosocial history are the essential elements
in the basic evaluation and should be obtained in all
male patients presenting with complaints of sexual
dysfunction (A sexual function checklist to be 
filled out in general practice or specialty settings is
provided in Table 2.1 on p. 26).

The essential components of sexual function
assessment in the male always include erectile
response (onset, duration, progression, severity of
the problem, nocturnal/morning erections, self-
stimulatory and visually erotic-induced erections),
sexual desire, ejaculation, orgasm, sexually related
genital pain disorders and partner sexual function, if
available. Often, a dysfunction in one phase may
precipitate a dysfunction in another. For instance,
men with erectile dysfunction may report a loss of
sexual desire or the onset of premature ejaculation.

Brief symptom scales or self-report questionnaires
may assist the clinician in recognizing and diagnos-
ing the sexual problem. These measures may also
permit patients to acknowledge the problem and to
initiate a clinical discussion with their health
provider. Scales and questionnaires are also a valu-
able tool in clinical trials and outcomes research for
male sexual dysfunctions.

Although valuable in recognizing and identifying
sexual dysfunction, screening tools and question-
naires should not substitute for a thorough sexual,
medical, and psychosocial history. For patients with
multiple sexual dysfunction symptoms (e.g. erectile
dysfunction (ED) and low libido), further evaluation
of these symptoms is always recommended prior to
initiating ED therapy. Whenever possible, the tem-
poral association or causal relationship between the
symptoms should be assessed.

Self-administered questionnaires
Sexual function symptom scales should be used rou-
tinely to assess functional level (e.g. ability to re-
spond, level of interest) and to determine the impact
of therapy. The most frequently used type of instru-
ment is the self-administered questionnaire. As with
all psychometric instruments, the fundamental
requirements for psychometric validity include reli-
ability and validity. Reliability refers to the consisten-
cy or replicability of data, while validity reflects the
degree to which an instrument or scale measures
what it intends or claims to measure. Two essential
indicators of validity for measures of sexual function
are: sensitivity to diagnostic status (e.g. functional
versus dysfunctional); and sensitivity to treatment
change. Both are crucial features of any scale that is
designed to serve as a diagnostic and/or efficacy mea-
sure in either clinical or research settings. Validated
symptom scales are available for the assessment of
male sexual dysfunction, as well as couple and part-
ner questionnaires, quality of life and well-being
measures. Most of the scales described in the table
are well established and widely used in research or
clinical settings.

In Table 2.2(on p.27) we review measures of sexu-
al function (in alphabetical order), that may be used
in either men or women (e.g. CSFQ), or with men
only (e.g. IIEF, IPE). Each measure is reviewed in
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relationship, the man’s denial, or the woman’s
hurt/anger.

Partner participation may be influenced by cultur-
al and social expectations, as well as patient needs
and preferences. When psychosocial assessment re-
veals the presence of significant psychologic distress
or relationship difficulties, in-depth psychosocial
evaluation and one-to-one counseling may be
recommended.

How is psychogenic ED diagnosed?
Variability of erectile function is the hallmark of psy-
chogenic ED. Take the example of the man who re-
ports excellent morning erections, moderately good
erections with fantasy or masturbation, and poor
erections with foreplay and attempts at intercourse.
This man, by history, has clear psychogenic ED. No
physical scenario can explain the variability of erec-
tile function. Note that in this example the patient’s
function worsens as he becomes involved with a
partner, suggesting the role of performance anxiety
or interpersonal anxiety.

However, most men do not present with psy-
chogenic ED. The majority of men have mixed ED,
that is a combination of biogenic and psychologic/in-
terpersonal factors that contribute to the onset and
maintenance of ED. Neglecting either the psycholog-
ic or physical does the man/couple a great disservice.
Offering a prescription for a PDE-5 inhibitor with the
simple statement such as, “Perhaps factors other
than your diabetes are involved in your problem. It
might be useful for you to consult with one of my col-
leagues who can help you with them”.

Psychologic and relational variables can enhance
or inhibit the physiologic aspects of sexual re-
sponse. There is, however, great variability in men’s
vulnerability to sexual dysfunction and likewise
ability to compensate for these factors. Psycholo-
gic factors can help men resist declining erectile
function. For example, a man with good self-
esteem, broad sexual experience, and a loving 
and arousing partner can partially compensate
against organic factors for some length of time 
before the organic factors overwhelm his ability to
maintain erections. Conversely, men with little
self-confidence who are depressed and in poor 
relationships may have little resilience against

terms of its psychometric properties, its clinical uti-
lity and an overall rating based on a five-point 
scale. Questionnaires still in development or older
measures not meeting current psychometric stan-
dards were not included in the table.

Sexuality-related quality of life measures
in men
Quality of life and treatment satisfaction measures
are summarized in Table 2.3(on p. 28). These mea-
sures have generally been developed for use in clini-
cal trials and outcome studies. They have had limited
use among clinicians. These measures vary greatly in
the type and extent of validation that has been con-
ducted. They are not recommended for primary care
or widespread clinical use.

Clinical assessment of psychologic and
interpersonal factors
The patient’s psychologic state must be assessed in
every case, with special attention to symptoms of
anxiety or depression, past and present partner
relationships, history of sexual trauma/abuse, occu-
pational and social stressors, health issues in either
partner, infertility, child-rearing difficulties, eco-
nomic status, and educational level.

A critical aspect of assessment is the identification
of patient needs and expectations, personal priorities
and treatment preferences, which may be signifi-
cantly influenced by cultural, social, ethnic and
religious perspectives. Unfortunately, an in-depth
discussion of the impact of culture is beyond the
scope of this chapter.

Patient and partner education is also necessary in
fostering a therapeutic 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. However, it
may not always be possible or practical for the part-
ner to be present. At times it may be the couple’s
preference that the patient should be seen alone.
When the partner participates in the evaluation, ei-
ther with the patient or separately, it is important to
corroborate the information that has been obtained
and address any discrepancies that may arise. These
discrepancies may be an indication of a troubled
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organic factors, and report erectile function that is
worse than expected with the organic factors alone.

The role of anxiety in sexual dysfunction
Anxiety played a significant role in early psychody-
namic formulations of sexual dysfunction and later
became the foundation for the etiologic concepts of
sex therapy established by Masters and Johnson [3]
and Kaplan [4]. Kaplan believed that sexually relat-
ed anxiety became the “final” common pathway
through which multiple negative influences led to
sexual dysfunction.

More recent studies have suggested that it may
not be the subjective role of anxiety, per se, that
causes and maintains sexual dysfunction but rather
the manner in which anxiety affects an individual’s
ability to focus on, and process sexual stimuli.
Barlow [5] has offered a theoretical model ex-
plaining why anxiety may operate differentially in
men with and without erectile dysfunction. His
model emphasizes the role of cognitive interference
in male arousal. In general, what appears to dis-
tinguish functional from dysfunctional responding
is a difference in selective attention and dis-
tractibility. What sex therapists consider perfor-
mance demand, fear of inadequacy or spectatoring
are all forms of situation-specific, task-irrelevant,
cognitive activities which distract dysfunctional in-
dividuals from task-relevant processing of stimuli
in a sexual context [6].

Men with premature\rapid ejaculation try to dis-
tract themselves in an effort to prevent early ejacula-
tion. They fear focusing on arousal, yet distraction
does not effectively solve their problem. Counter in-
tuitively, sex therapists teach men to focus on their
arousal as a means of controlling ejaculation.

• Recommendation 2. Ascertain the degree to which anx-
iety, distraction or the inability to maintain focus on sexual
stimulation interferes with sexual response.

Depression and Sexual Function

The relationship between depression and sexual
functioning is of considerable interest to clinicians
and researchers since both affective and sexual dis-
orders are highly prevalent, are believed to be co-

morbid, and may even share a common etiology
[7,8]. 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 antidepressant medication [9].

The empirical evidence confirms a prominent
role of depression in sexual dysfunction. While the
exact direction of causality is difficult to ascertain,
the data not only indicates a close correlational re-
lationship between depression and sexual disorders
but also supports a functional significance of mood
disorders in causing and maintaining sexual dys-
function. Compared to functional controls, men
and women with sexual dysfunction exhibit both
higher levels of acute depressive symptoms and a
markedly higher lifetime prevalence of affective
disorders.

• Recommendation 3. Inquire about depressive sympto-
motology (mood, sleep, appetite, libido, energy level, hope-
lessness, outlook regarding the future and suicidality). If
present, inform the patient that depression can interfere
with sexual response. Either begin treatment or refer.

Interpersonal Dimensions of Sexual
Function and Dysfunction

Clinically, it has been frequently observed that
sexual problems may be either the cause of, or con-
sequence of, dysfunctional or unsatisfactory rela-
tionships. Often, it is difficult to determine which
is cause and effect: a non-intimate and non-loving
relationship, or sexual desire and/or performance
problems, leading to partner avoidance and an-
tipathy. The research literature is contradictory on
this topic, and often difficult to interpret since cou-
ples begin therapy with varying degrees of rela-
tionship satisfaction.

While the evidence is not conclusive, and most
studies in the literature are not randomized con-
trolled trials, the findings demonstrate a significant
relationship between sexual and relationship func-
tioning. While it is impossible to determine cause
and effect with certainty, the literature suggests bet-
ter long-term outcome when the relationship issues
are treated and resolved. The relationship and sex-
ual difficulties should be dealt with concurrently so
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across studies, it appears that approximately two-
thirds of the men suffering from erectile failure will
be satisfied with their improvement at follow-up
ranging from six months to six years”.

Sex therapy treatment of ED consists of a variety of
interventions such as systematic desensitization,
sensate focus, interpersonal therapy, behavioral
assignments, psychodynamic interventions, sex
education, communications and sexual skills train-
ing and masturbation exercises. It has not been
possible to statistically analyze the precise contribu-
tion of any of these single interventions to overall
success.

All studies with long-term follow-up indicate a
tendency for men to relapse. To prevent relapse, Mc-
Carthy [11] has suggested that therapists schedule
periodic “booster or maintenance” sessions follow-
ing termination. Follow-up sessions have been rec-
ommended in order to resolve “glitches” that have
interfered with progress.

While the studies on the efficacy of psychother-
apy should ideally circumvent the “problem” of 
the “therapist factor”; the practical difficulties of
designing such a clinical trial are difficult to sur-
mount. However, psychotherapy is not different
from other clinical interventions that rely on the
mastering of specific techniques by the clinician
making the intervention. Surgical techniques are
perhaps the clearest example, but other techniques
used in medicine also pose the same problem. With
this reality being recognized, the dismissal of re-
ports on the efficacy of psychotherapy on the sole
ground of not controlling for the “psychotherapist
factor” should be avoided.

Special issues
Honeymoon ED is a special circumstance that is com-
mon in non-western countries. The pain of this con-
dition extends far beyond the sexual arena and
involves extended families and their relationship to
the newly-weds [12]. Most cases, particularly in sex-
ually naïve men, may be related to poor understand-
ing of human sexuality, inadequate sex education,
and inhibition due to cultural and religious values,
performance anxiety and other psychologic factors
(gender identity concerns). Counseling, anxiety re-
duction, sexual education and PDE-5 inhibitors,

that any unresolved relationship issues do not un-
dermine the efficacy of the sexual dysfunction treat-
ment. Clearly, randomized controlled trials need to
be conducted in this area.

• Recommendation 4. Inquire about the quality of the
interpersonal relationship and identify potential relation-
al factors that may precipitate, maintain and/or interfere
with effective treatment.

Psychologic Treatment of Male
Sexual Dysfunction

Psychotherapy of erectile dysfunction
Men with lifelong and acquired erectile dysfunc-
tions typically achieve significant gains initially and
over the long term, following participation in sex
therapy. Men with acquired disorders tend to fare
better than those with lifelong problems. Masters
and Johnson [3] reported initial failure rates of
41% and 26% for lifelong (primary) and acquired
(secondary) erectile dysfunction, respectively. 
Their 2–5 year follow-up of this cohort indicated
sustained gains.

Masters and Johnson’s initial studies have been
criticized for their methodological limitations. Their
studies were not controlled and there were no
placebo or waiting list controls used. Additionally,
the treated group was a highly unusual, self selected
group consisting of highly motivated patients who
were required to attend Masters and Johnson’s two-
week residential program with no other activity (like
work or children) interfering with their treatment.
This is obviously a very unrepresentative group of
patients. In all likelihood these highly motivated pa-
tients inflated the reported efficacy of treatment. The
significance of Masters and Johnson’s work lies in
their innovative vision of treating couples and un-
derstanding the role of psychologic and interperson-
al factors in the genesis of sexual problems. They
were also the first to address the issue of performance
anxiety.

In a review of the studies of treatment for erectile
dysfunction, Mohr and Bentler [10] wrote, “The
component parts of these treatments typically
include behavioral, cognitive, systemic and inter-
personal communication interventions. Averaging

SPS02  8/2/06  10:07 AM  Page 22



Psychologic and Interpersonal Aspects and their Management 23

may all be useful in the management of these pa-
tients. However, penile vascular abnormalities and
neurogenic factors, as well as the more complex
non-organic causes such as gender identity and gen-
der preference, have to be excluded, especially if
conventional treatment outcome is sub-optimal.

Psychotherapy with rapid ejaculation
Cognitive behavioral therapy, as well as multimodal,
psychodynamic and behavioral treatment is de-
scribed in review papers; however, there are no con-
trolled outcome studies that examine the efficacy of
these methods [13]. Masters and Johnson [3] utiliz-
ing multiple 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
[14] study were characterized as successful in over-
coming rapid ejaculation.

Hypoactive sexual desire disorder
There are no randomized clinical trials of psycholog-
ic intervention with hypoactive sexual desire disor-
der (HSDD). Clinical wisdom suggests that four
dynamics are generally associated with psychologic
HSDD. These include depression, anger, sexual
arousal patterns that are not available within the
present relationship (e.g. sexual arousal to a partner
of another gender, sado-masochistic wishes), and
relationship discord. By stabilizing mood, diminish-
ing hostility and improving relationship satisfaction,
interest in conventional sexual activities often
improves. Unfortunately, men with unconventional
sexual aspirations typically do not show much
improvement in conventional sexual interest.

Role of sexual satisfaction of the female
partner of sexually dysfunctional men
The role of the female partner in both treatment
seeking behavior and treatment success has been re-
cently highlighted. The female partner is an impor-
tant agent in motivating the man to seek treatment
for his ED [15]. ED also has an impact on female
sexual response. Sexual desire, arousal, orgasm and

satisfaction in the female are adversely effected prior
to the man’s developing ED [16]. Conversely, levels
of sexual satisfaction in the female partner are signif-
icantly increased with successful ED treatment [17].

What follows are two vignettes that illustrate 
the role of the female partner first in facilitating
treatment seeking behavior, and second in creating
barriers for effective interventions.

Vignette A
Joseph, aged 50, developed ED three years ago. He
has been married to Martha, aged 45, for 20 years.
Over the past three years Martha has recognized
that Joseph’s erectile function is no longer reliable.
Joseph has difficulty acknowledging that some-
thing was happening to his erections. He tells
Martha that he is too tired or too stressed at work.
She however insists that he consult his primary
care physician. Routine testing revealed a previ-
ously undiagnosed diabetes mellitus that surprised
both the doctor and Joseph. After initial control of
the diabetes mellitus and treatment with PDE-5i,
Martha and Joseph recovered the intensity of their
sexual life. Joseph is thankful to Martha for insist-
ing that he seek professional consultation for their
problem.

Vignette B
Susan, aged 30 and John, aged 45 have been married
for seven years. One year ago John developed ED,
which had a tremendous impact on his relationship
with Susan. For the last three months their sexual
life has become almost non-existent. Susan is certain
that John is involved with another woman and that
this is the source of his ED. She is angry when he at-
tempts to initiate lovemaking, believing that he is no
longer attracted to her. John has no awareness of the
foundation of Susan’s extreme response. He seeks
consultation from his physician who diagnoses hy-
percholesterolemia and prescribes a statin and a
PDE-5i. The PDE-5i does not work on two consecu-
tive attempts at lovemaking. Susan cannot accept
that the cause of John’s ED was hypercholes-
terolemia. Furthermore she tells John that she re-
sents him using a pill to get turned on, rather than
being turned on by her alone. After five unsuccessful
attempts with a PDE-5i John returns to his physician
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stating, “This medication is not working, can you
give me something stronger?”

The above examples illustrate how, in case A, the
partner supports and motivates her husband to seek
out consultation and treatment, while in case B the
partner creates conflict because she believes her
husband is no longer attracted to her.

Integrated treatment for 
sexual dysfunction
Medical treatments alone are often insufficient in
helping couples resume a satisfying sexual life. The
term integrated is used to denote concurrent or step-
wise combinations of psychologic and medical inter-
ventions. Too often, medical treatments are directed
narrowly at a specific sexual dysfunction and fail to
address the larger biopsychosocial issues. While
medical therapies, especially for ED, are generally ef-
ficacious (50–90%), approximately 50% of individ-
uals fail to continue treatment. This may be due to
the clinician’s failure to address the relevant psycho-
logic and interpersonal issues [18]. Examples of rele-
vant biopsychosocial factors include: (1) patient
variables such as performance anxiety and depres-
sion; (2) partner variables such as poor mental or
physical health and partner disinterest; (3) interper-
sonal non-sexual variables such as quality of the
overall relationship; (4) interpersonal sexual vari-
ables such as the interval of abstinence and sexual
scripts; and (5) contextual variables such as current
life stresses with money or children.

Ideally, the physician treating sexual concerns
should be sensitive and able to recognize the need for
more specialized psychologic intervention. The fol-
lowing list includes some of the clinical symptoms
and features that make a referral to a mental health
specialist desirable:

List of clinical features that make referral to a
mental health practitioner of sexual medicine
desirable:
• Primary erectile dysfunction, especially with no
clear biogenic abnormality
• Failure of PDE-5i treatment when no clear bio-
genic abnormality is found
• Conflictual relationship, especially if conflict is not
ameliorated with the prescription of erectile dys-
function treatment

• Antecedents of sexual assault or other traumatic
sexual experience in the patient’s or partner’s sexual
histories that interfere with sexual function or emo-
tional intimacy
• Depressive symptoms, especially if they have not
been treated
• Anxiety over sexual performance that is not ame-
liorated by initial treatment of the sexual dysfunc-
tion (with PDE-5i, or selective serotonin reuptake
inhibitors (SSRIs))
• Hypoactive sexual desire in the man with no clear
biogenic abnormality, which is not improved by the
initial treatment
• Identification or suspicion of a psychiatric disorder
both in the male or his partner

There is an emerging literature that demonstrates
a synergistic benefit from the use of both psycholog-
ic interventions and pharmacologic treatments for a
number of psychiatric conditions including depres-
sion, post-traumatic stress disorder and to a lesser de-
gree, schizophrenia [19]. It is regrettable that there
are so few well-designed randomized controlled
studies focusing on integrated approaches to the
treatment of sexual dysfunction. The studies that do
exist focus on treatment for erectile dysfunction;
there are only a few reports of combined therapies
for female dysfunction.

Although to date there are no approved pharma-
cologic treatments for female sexual dysfunction
(FSD), undoubtedly they will evolve. Psychosocial/
contextual issues contribute to the etiology and
maintenance of FSD and innovative integrated
strategies will be necessary to treat these problems.

Conclusion

This chapter addresses the psychologic and inter-
personal dimensions of male sexual dysfunction.
These dimensions can be assessed by means of a
clinical interview or self-administered question-
naires. Several validated questionnaire measures
are reviewed in this chapter. Psychologic interven-
tions and integrated treatment approaches are
briefly described. Further research is needed to
evaluate the short and long-term efficacy of these
treatment approaches in randomized, controlled
trials.
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Please answer the following questions about your overall 
sexual function in the past 3 months:

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 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?

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?
• Are you easily sexually aroused (turned on)?
• Do you have a strong 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 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?

Are you satisfied with your sexual function?
Yes / No

If No, please continue:
• How long have you been dissatisfied with your sexual 

function?
3 months, 6 months, 1 year, 2 years, more than 2 years?

• What effect, if any, has your sexual problem had on your 
partner relationship/s?

Little or no effect, moderate effect, large effect?
• What is the most likely reason/s for your sexual problem?

— Medical illness or surgery
— Prescription medications
— Stress or relationship problems
— Don’t know

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 your sexual problem?

• If yes, what medical or other non-medical treatments are 
you using?

Table 2.1 Medical, psychosocial and sexual assessment questionnaire.
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How effective has the treatment been?
• Not at all effective
• Somewhat effective
• Very effective
What are your concerns about your sexual function?
(Check one or more)
• Problems with little or no interest in sex
• Problems with erection
• Problems ejaculating too early during sexual activity
• Problems taking too long, or not being able to ejaculate 

or have orgasm
• Problems with pain during sex
• Problems with penile curvature during erection
• Other

Which problem is most bothersome (circle) 1 2 3 4 5 6 7
What are your concerns in your personal life?
(Check for YES)
1. I have sexual fears or inhibitions

2. I have problems finding romantic/sexual partners
3. I am uncertain about my sexual identity
4. I have been subjected to emotional or sexual abuse
5. I have significant relationship problems with family 

members
6. I have been under considerable emotional or physical 

stress
7. I have a history of depression, anxiety, or emotional 

problems
8. I have had a recent change in employment or financial 

status

My sexual partner has problems with:
(Check for YES)
1. Health
2. Sexual interest
3. Sexual performance
4. Sexual fears or inhibitions
5. History of sexual abuse

Table 2.2 Questionnaire measures for male sexual dysfunction [20–31].

Psychometric Overall 
Questionnaire Author/Date Purpose Evaluation Clinical Utility Rating (1–5)

Changes in Sexual Clayton et al., 1997 Assess adverse Adequate reliability Limited usefulness 3
Function effects of drugs on and validity. Lack in assessing adverse
Questionnaire sexual function of treatment effects of drugs
(CSFQ) sensitivity data

Derogatis Interview Derogatis & Multi-dimensional Adequate validity Limited use in 4
for Sexual Melisaratos, 1979 measure of five and reliability. clinical trials and
Functioning domains of sexual Limited treatment patient screening
(DISF/DISF-SR) function sensitivity data

Golombek–Rust Rust & Golombek, Multi-dimensional Adequate validity Limited use in 4
Inventory of Sexual 1985 measure of seven and reliability. European trials.
Satisfaction domains of sexual Lack of treatment Evaluation of sex
(GRISS) function sensitivity data therapy outcomes

International Index Rosen et al., 1997 Multi-dimensional Excellent reliability Widespread use of 5
of Erectile Function measure of erectile and validity. short form (IIEF-5)
(IIEF) function and related Robust treatment for ED screening

domains sensitivity

Male Sexual Health Rosen et al., 2004 Multi-dimensional Adequate reliability New measure of 4
Questionnaire measure of four and validity. Lack ejaculatory
(MSHQ) domains, including of treatment function. Short

ejaculatory sensitivity data form scale in
function development

Index of Premature Althof et al., 2005 Multi-dimensional Adequate reliability Potentially strong 4
Ejaculation (IPE) scale of premature and validity. new self-report

ejaculation Treatment sensitivity measure of PE
under analysis

Table 2.1 Continued
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Embryology of the Penis

The penis develops from the genital tubercles and
the urethra from the genital folds (in the female:
labia minora). The genetic sex (XY) induces testic-
ular development, with the help of the sex-deter-
mining factor located on the Y chromosome [1].
Differentiation of the external genitals (male: phal-
lus; female: clitoris) from the genital tubercles oc-
curs when testosterone production begins in the
Leydig cells in the 8th/9th embryonal week. The
penis grows very rapidly and is fully developed
along with the urethra at the 4th fetal month.
Growth of the penis and the scrotum, as well as dif-
ferentiation of the prostate from the urogenital
sinus, are regulated by dihydrotestosterone (DHT),
which is converted from testosterone by 5α-
reductase in peripheral tissues. Androgen-induced
genital development occurs via specific androgen
receptors, which have increased affinity to DHT.
The gene for the androgen receptor is located on
the long arm of the X chromosome [2].

Development disorders of the internal and ex-
ternal genitals may be caused by chromosomal de-
fects, disorders of testosterone and DHT synthesis,
or disorders of androgen receptor functions (an-
drogen resistance) and the Mullerian inhibiting
hormone. Thus synchronous, combined action of
testosterone, DHT and Mullerian inhibiting factor
is essential for normal development of the internal
and external genitals. In this regard fetal and pu-
bertal development of the penis length first and
foremost depends on sufficient testosterone and
DHT tissue levels and, second, by the number of
androgen receptors [3–5].

Anatomy of the Penis

The penis is composed of the paired corpora caver-
nosa and the single corpus spongiosum, which sur-
rounds the urethra. In the mobile section, the
corpora cavernosa communicate with each other
through numerous pore-like junctions in the sep-
tum penis. The corpora cavernosa are characterized
by a spongy tissue structure consisting of connective
trabecular tissue surrounding the sinusoidal spaces.
These spaces fill up with blood during erection and
are lined with endothelial cells and the subjacent
muscle cells. The vessels and nerves supplying the si-
nusoidal spaces run through the trabecular tissue.
The corpora cavernosa are surrounded by the very
firm tunica albuginea, which is between 1.7 and 3.3
mm thick and which is divided into two layers con-
taining collagen and elastic fibers [6–7]. The corpora
cavernosa diverge in the proximal section to insert as
the crura penis on the periosteum of the respective
inferior pubic ramus. In the proximal section the
crura are surrounded by the striated ischiocavernous
muscles.

The single or sometimes paired deep dorsal vein
runs along the surface of the corpora cavernosa in a
central groove. This vein is responsible for the
drainage of the distal two thirds of the corpora caver-
nosa. The dorsal penile arteries and the dorsal penile
nerve are situated lateral to the dorsal vein on both
sides. These vessel/nerve structures are covered by
Buck’s fascia, which surrounds the corpora caver-
nosa and the corpus spongiosum. Buck’s fascia
merges with the tunica albuginea at the root of the
penis and continues as the triangular suspensory lig-
ament of penis. The strong suspensory ligament of
penis anchors the penis base to the periosteum of the
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pubic bone and gives the penis the appropriate stabil-
ity at its base to erect vertically and to not tilt to the
side. A further, much weaker, suspensory apparatus
is the fundiform ligament of penis, located distal to
the suspensory ligament of the penis with mediolat-
eral insertion into Colles’ fascia. This is covered by
the penile shaft skin, which is fused directly together
with the tunica albuginea in the coronary sulcus
without intermediate layers. It continues in the fore-
skin which consists of two sheets of epithelium and
normally covering the glans penis completely.

Arterial/venous supply 
and microcirculation
Arteries
The ischiopudendal trunk originates on both sides
from the internal iliac artery, giving off the obtura-
tor and inferior gluteal arteries and continuing as
the internal pudendal artery. The internal puden-
dal artery is the main trunk for arterial penile blood
supply and, in radio-anatomical terms, is divided
into the pelvic segment (origin–obturator fora-
men), ischiorectal segment (corresponds to Al-
cock’s canal in the obturator foramen) and the
perineal segment (below obturator foramen). Their
penile end branches are the bulbar artery and the
urethral artery, which supply the corpus spongio-
sum, the dorsal penile artery, mainly responsible
for the blood supply of the glans penis and the skin
of the penile shaft, and the deep penile artery (syn:
cavernous artery), which is mainly responsible for
filling the cavernous bodies with blood during erec-
tion. The deep arteries run through the center of
the corpora cavernosa near the septum and give off
the corkscrew-shaped helicine arteries, whose end
branches open either directly into the sinusoidal
spaces or into subalbugineal venules via shunts.
Shunts exist in a great individual variation between
the deep penile and the dorsal penile artery, as well
as between the deep penile artery and the urethral
artery (corpus spongiosum).

Variations in the penile arterial supply are very
common. Physiologically, they are not important for
the erection mechanism. However, they may be
important in cases of pelvic/perineal injuries such as
external trauma or surgical interventions. The most
important known variations are:
Accessory internal pudendal artery. It runs cranial to the

obturator foramen and may be the main trunk 
for the penile arteries. Its incidence varies from
between 5% and 14% [8].

Penile arteries originating from the obturator artery. The
obturatory artery is the main anterior branch of
the ischiopudendal trunk.

Unilateral arterialization. In this case all penile arter-
ies, or only both dorsal or deep penile arteries,
arise unilaterally from the internal pudendal
artery and supply both halves of the penis.

Corpus cavernosum arterialization from the dorsal artery.
In 20–30% of men, the dorsal artery gives off a
thick branch to the corpus cavernosum, usually in
the middle third of the penis. This branch either
anastomosizes with the deep penile artery or gives
off an isolated distal deep penile artery [8].

Double penile arteries. Our own investigations using
duplex ultrasound and angiography on several
thousand patients showed unilateral or bilateral
double penile arteries in approximately 10–15%
of cases.
Numerous intracavernous and extracavernous

shunts exist between the various penile arteries (e.g.
deep artery – urethral artery), and between arteries
and veins. These shunts are subject to neural regula-
tion of blood circulation in the dorsal, cavernous and
helicine arteries (Figs 3.1 and 3.2).

Veins
Blood drained off from the sinusoidal spaces or di-
rectly from arteriovenous shunts is collected in the
distal two thirds of the corpora cavernosa via a direct
subtunical venous plexus, and is then transported
further via the oblique emissary veins that perforate
the tunica albuginea. Several emissary veins open
into a circumflex vein, which originates ventrally be-
tween the corpus spongiosum and the corpus caver-
nosum, and surrounds the corpus cavernosum like a
hoop, finally opening into the central, deep dorsal
vein (Fig. 3.1). The proximal third of the corpus cav-
ernosum is drained by the deep veins, which origi-
nate as 3–5 veins directly from the crura penis and
open into the pudendal plexus (Fig. 3.3). The deep
dorsal vein opens into the periprostatic plexus
(Santorini’s plexus) beneath the arcuate ligament 
of pubis. The pudendal plexus and Santorini’s plexus
finally unite and drain into the internal iliac vein.
Other penile veins are the comunicantes veins
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accompanying the dorsal arteries, and several super-
ficial dorsal veins, which run between Colles’ fascia
and Buck’s fascia. The superficial dorsal veins open
into the great saphenous vein via the external pu-
dendal veins, but also give off branches to the deep
dorsal vein. Numerous venovenous anastomoses
connect the different penile veins to each other.

Microcirculation
The difference between blood flow regulation in the
flaccid state and the erect state is of particular impor-
tance. Nerve fibers containing vasoactive intestinal

I I

II II

III

IV

V

V

VI

VI
VII

1

2

3

4

5
6

7

8

8

Fig. 3.1 Arterial and venous supply of the penis. Circulation: 1, internal pudendal artery; 2, superficial perineal artery; 3,
penile artery; 4, bulbar artery; 5, dorsal penile artery; 6, deep penile artery; 7, urethral artery; 8, helicinearteries; I,
superficial dorsal vein; II, deep dorsal vein; III, deep penile vein; IV, pudendal plexus; V, periprostatic plexus; VI, circumflex

veins; VII, emissary veins.

Fig. 3.2 Penile angiography — normal findings. Big arrow:
dorsal penile artery. Small arrow: cavernous (deep) artery.

Periprostatic
plexus

Internal
pudendal
vein

Deep
dorsal

vein

Deep
penile
veins

Fig. 3.3 The venous drainage of the penis.
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polypeptide (VIP) and neuropeptide Y (NPY) in
prominent longitudinal, subendothelial vascular
wall cushions have been found at the sinusoidal
opening sites of the helicine arteries. These nerve
fibers are attributed regulatory functions in relation
to blood flow into the sinusoidal spaces [9,10]. Blood
flow to the sinusoidal spaces is regulated in particular
via the sympathetic innervation of the corpus
cavernosum tissue and penile vessels. Whereas α1-
adrenoceptors dominate in the cavernous smooth
muscle cells, α2-adrenoceptors prevail in the penile
arteries, particularly in the cavernous arteries
[11,12]. The blood flow is also regulated in the he-
licine arteries by β2-adrenoceptors [13], which ex-
plains the negative effect that β-blockers may have
on erection. Due to the fact that α1- and α2-
adrenoceptors, and nerve endings containing neuro-
transmitters (e.g. NPY, VIP, calcitonin gene-related
peptide (CGRP), substance P) have been described in
the penile venous walls [14–16], active restriction of
penile venous outflow by the autonomic nervous
system seems likely.

Physiology of erection
Neurophysiology of erection
Parasympathetic nerve supply: Initiation of erection
Pro-erectile impulses are generated in the parasym-
pathetic erection centers of the limbic system and the
hypothalamus, in particular in the paraventricular
nucleus and the medial preoptic area, which are the
key regions for the central regulation of erection
[17]. Perception of visual, auditory, imaginary, tac-
tile or other erotic stimuli activate a variety of recep-
tors which, in turn, stimulate via oxytocinergic,
dopaminergic neurons the spinal parasympathetic
reflexogenic erection center located at the level
S2–S4. Parasympathetic nerve fibers, called nervi eri-
gentes, leave the reflexogenic erection center and
build along with the sympathetic nerve fibers, origi-
nating from the superior hypogastric plexus, the in-
ferior hypogastric plexus that continues in the
cavernous nerves. These cavernous nerves contain
both sympathetic and parasympathetic fibers, and
perforate the pelvic floor (urogenital diaphragma) to
enter the cavernous bodies at the level where the
cavernous crura diverge.

Erection-initiating neurotransmitters include,

among others, dopamine (via D2-receptors) and
melanocortins. Five melanocortin receptors (MCR)
have been identified. MC-4-R seems to have special
importance for erection [18–20].

Oxytocin is an oligopeptide synthesized along
with arginine vasopressin—another stimulatory
neurotransmitter—in the paraventricular and
supraoptic nuclei and stored in the posterior pitu-
itary lobe. Serotonin may act as an erection stimula-
tory transmitter via 5-HT (1B/1C and 2A/2C)
receptors; norepinephrine may have erection stimu-
latory action via α1-adrenoceptors [11,21]; gluta-
mate [22], EP peptides (hexarelin analogues) [23],
and of course nitric oxide (NO) [24–25], also partici-
pate in the erection process. After entering the cav-
ernous bodies the parasympathetic nerve fibers
principally divide into two different types of nerve
terminals: (1) cholinergic (acetylcholine, ACH)
nerve terminals ending at the endothelial cells and
stimulating NO-synthase, which catalyzes the pro-
duction of NO from L-arginine and O2; and (2) non-
adrenergic, non-cholinergic (NANC-peptidergic)
nerve terminals at the cavernous smooth muscle
cells, from which NO and VIP are released into the
smooth muscle cells. Within the smooth muscle cells
NO activates guanylate cyclase, which catalyses the
breakdown of guanosine triphosphate into 3′5′-
cyclic guanosine monophosphate (cGMP) (Fig. 3.4).

cGMP is the most important second neuro-
transmitter of erection. It stimulates protein kinase
G, which in turn initiates phosphorylation of
membrane-bound proteins at the potassium chan-
nels (Fig. 3.5). This leads to potassium ion outflow
into the extracellular space resulting in hyperpolar-
ization. Hyperpolarization leads to closure of the L-
type calcium channels subsequently resulting in a
decrease in the intracellular Ca++ ion concentra-
tion. Physiologically, intracellular Ca++ along with
calmodulin activate myosin light chain (MLC) kinase
which catalyzes the phosphorylation of myosin light
chains and induces actin–myosin interaction, finally
resulting in contraction of the cavernous smooth
musculature, thus preventing erection (Fig. 3.6).
Phosphorylated myosin light chain is dephosphory-
lated by the active (dephosphorylated) form of MLC
phosphatase, with the result being corpus caver-
nosum relaxation and erection. Phosphorylation
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Cerebral
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Stimulatory
neurotransmitters

Dopamine, NO, Oxytocin
NE (partly), Serotonin (partly)
α-MSH, Vasopresssin, ACTH

Parasympathetic
nerves
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Fig. 3.4 Neurophysiology of erection.
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Fig. 3.5 The biochemical basics for the pharmacologic treatment of erectile dysfunction.
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that results in inactivation of MLC phosphatase is
catalyzed by Rho-kinase A (RhoA) [26]. RhoA is a
small GTPase which is inactive when GDP is bound
but becomes active when GTP is bound. Activated
RhoA stimulates the serine/threonine kinase named
Rho-kinase. Rho-kinase itself phosphorylates MLC
phosphatase at the myosin binding unit and thus in-
activates this enzyme, resulting in smooth muscle
contraction and flaccidity of the penis (Fig. 3.6). So-
called Rho-kinase inhibitors, developed recently to
assess their potential for the treatment of erectile dys-
function, activate MLC phosphatase and lead to re-
laxation and erection.

Sympathetic nerve supply: inhibition of erection
Erection inhibiting (anti-erectile) neurotransmitters
are serotonin, which causes erection inhibition via

5-HT receptors (1A and 1B), γ-aminobutyric acid
(GABA) [12], norepinephrine, which works via α2-
adrenoceptors, and opioids [12]. Erection-inhibiting
impulses, originating in the cerebral centers, run
along the spinal cord to an area at Th11/12–L2/3, which
seems to function as a psychogenic erection center.
Efferent nerve fibres leave the psychogenic erection
center through the anterior root and then synapse in
the sympathetic trunk ganglia, forming the superior
hypogastric plexus. This plexus continues down-
wards as the inferior hypogastric plexus after joining
the parasympathetic nervi erigentes. Along with
these nerve fibers they become part of the cavernous
nerves, which enter the cavernous bodies after
penetrating the pelvic floor.

In the cavernous bodies the sympathetic nerve
fibers innervate both the cavernous smooth muscle

Sympathetic
nerve

α1-receptor

Phospholipase C

Relaxation
RhoA-GDP
(inactive)

RhoA-GTP
(active)

Rho-Kinase NO

MLC
Phosphatase

(active)

MLC
Phosphatase

(inactive)

MLC
Dephosphorylation

MLC-P
phosphorylation

Contraction

Guanylate cyclase

(G-protein)

ETA-receptor

Endothelin-1

Endothelin-1

NO + Citrulline L-Arginine + 02

Endothelial cell

Endothelial cell

PIP2 IP3 + DAG
NEET-1

Ca++

PKG

GTP 3'5'cGMP

MLC
Kinase

Parasympathetic
NANC nerve

NO

NE

VIP
ETA-receptor

Fig. 3.6 The myosin light chain (MLC) kinase/phosphatase and RhoA/Rho-kinase pathway. Modified after Mills et al. [26].
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cells as well as the cavernous vessels, i.e. arteries 
and veins. In the smooth muscle cells sympathetic
nerve terminals end at α1-adrenoceptors and at β2-
adrenoceptors. The ratio of α1- to β2-adenoceptors is
10 : 1 [27]. Among the α1-adrenoceptors, the α1A-
and α1C-subtypes dominate in the cavernous smooth
musculature [12,28]. One research team found the
following distribution pattern of α-adrenoceptors:
α2A > α1A > α1B [29]. The α1-receptor density in the
corpus cavernosum tissue is approximately the same
as that of the prostate.

Alpha1-adrenoceptors are stimulated either by
direct release of norepinephrine from the sympa-
thetic nerve terminals, or by epinephrine circulat-
ing in the plasma. Occupation of the α1 receptors
by norepinephrine or epinephrine respectively,
leads to stimulation of the phospholipase C, which
converts phosphatidylinositol biphosphate (PIP2) to
inositol triphosphate (IP3) and diacylglycerol
(DAG) (Fig. 3.7) [30,31]. DAG activates protein

kinase C, resulting in phosphorylation of mem-
brane-bound proteins and activation of voltage-de-
pendent L-type Ca++ channels. IP3 causes release of
Ca++ ions from intracellular sarcoplasmatic Ca++

stores. Activation of L-Type Ca++ ion channels and
release of Ca++ ions from the endoplasmatic retic-
ulum, results in an increase in intracellular Ca++

ion-concentrations, causing contraction of the cav-
ernous smooth muscle cells and thus flaccidity, or
prevention of erection. The contraction induced by
norepinephrine is potentiated by endothelin 1 [21].
NPY has also been identified in some penile adren-
ergic nerve terminals.

Likewise norepinephrine or epinephrine stimu-
late α1- and β2-adrenoceptors. This results in acti-
vation of the adenylate cyclase which catalyzes the
breakdown of ATP to 3′5′-cAMP, a second neuro-
transmitter in the physiology of erection. Cyclic
AMP in turn stimulates protein kinase A leading 
to hyperpolarization and closure of L-type Ca++ ion
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Yohimbine (α2)
Atipamezole (α2)

α1-receptors: erection
α2-receptors: erection
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Veins: α1/2-receptors
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channels (Fig. 3.7). Because β2-adrenoceptors 
are in the minority as compared to the α1-
adrenoceptors, under physiologic conditions nor-
epinephrine and epinephrine lead to contraction of
smooth muscle cells and thus to detumescence and
flaccidity.

Whereas α1-adrenoceptors dominate within the
cavernous bodies, α2-adrenoceptors prevail in the
penile arteries [12]. In addition, recent studies 
have shown that helicine arteries are rich in β2-
adrenoceptors, whose stimulation results in relax-
ation and increase of penile blood flow [13]. Both 
α1- and α2-adrenoceptors could be identified within
the penile veins [16]. In addition, α2-adrenoceptors
are located presynaptically on sympathetic nerve
terminals of α1-adrenoceptors, inhibiting the sym-
pathetic tone in these terminals [32]. Α2-adrenocep-
tors also have been detected presynaptically on
parasympathetic NANC nerves, where they modu-
late parasympathetic activity (see also Fig. 3.7) [33].

In the aging male there is an increase in the densi-
ty and sensitivity of α1-adrenoceptors as well as 
a decrease in β2-adrenoceptors. These changes in
adrenoceptors are part of the reason why ED is an
age-related phenomenon [34–36].

Somatic innervation
The somatic innervation of the penis occurs via the
pudendal and dorsal nerves. The dorsal penile nerve
innervates the glans penis, and the penile shaft and
conveys sensory impulses to the reflexogenic erec-
tion center in the spinal cord at S2–S4.

At the spinal cord the sensory signals are processed
either to the cerebral centers or to the somatic
motoneurons of the pudendal nerve, which send
motoric efferent branches to the pelvic floor. The pu-
dendal nerve innervates the pelvic floor muscles and
causes contraction of the bulbo and ischiocavernous
muscles. This results in further blockade of the
venous outflow from the cavernous bodies and 
increase of the intracavernous pressure, which ulti-
mately leads to complete rigidity of the penis.

Endothelial factors
Angiotensin: The angiotensin I/II system and the an-
giotensin-converting enzyme play a role in the regu-
lation of the cavernous smooth muscle tone [37,38].

Angiotensin II causes a dose-dependent contraction
of the cavernous musculature, which can be blocked
by specific AT1-receptor antagonists such as losartan,
but not by AT2-antagonists. In patients with severe
organic impotence in whom a penile implant was
inserted, hypertrophied cells secreting angiotensin II
have been detected in the corpus cavernosum [38].
This overproduction of angiotensin II may be one of
the etiologic factors for ED in diabetes and hyperten-
sion [38]. Endothelial angiotensin II secretion has
been shown to be significantly suppressed by PGE1

and papaverine [38]. Angiotensin I also causes con-
traction, but only to a tenth of the extent of
angiotensin II.

Endothelin: Of the three endothelins (ET1–3) ET1 is
the most important in the cavernous bodies. The ETA

receptor is relatively selective for ET1 whereas the
ETB receptor shows the same affinity for all three en-
dothelins [39]. In in vitro trials on human corpus
cavernosum muscle strips, the contraction strength
of the three endothelins were classified as follows:
ET1 > ET2 > ET3 [40–41]. ET1 activates phospholipase
C after occupying the ETA receptor and causes the
split off of IP3 and DAG from PIP2, resulting in an in-
crease in intracellular Ca++ concentration. Increased
Ca++ causes contraction and flaccidity of the corpora
cavernosa (see Fig. 3.7). The contraction induced by
ET1 is eliminated by selective ETA receptor antago-
nists or blockers of the voltage-dependent L-type
Ca++ ion channels [42]. It is argued that endothelin
contributes to the manifestation of ischemic process-
es and arteriosclerotic changes, due to its contractile
and proliferative properties [39]. Changes in the en-
dothelin production or in endothelin receptors also
appear to play a role in the manifestation of erectile
dysfunction.

Prostanoids: A variety of prostanoids are synthe-
sized and metabolized in the cavernous bodies. PGE1

(alprostadil) causes strong relaxation, whereas PGE2

at low concentrations causes weak relaxation. At
high concentrations PGE2 causes contraction of cav-
ernous smooth muscle cells.

In contrast PGF2α, PGI2, and most markedly
thromboxan A2 (TXA2) lead to contraction. Prosta-
cyclin (PGI2) results in relaxation of the penile
arteries, but contraction of the cavernous smooth
muscle cells [43]. The release of the prostanoids is in-
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hibited under hypoxemic conditions and increases
with reoxygenation due to stimulation of prosta-
glandin H synthase (PGHS) [44]. Of the relaxing
prostanoids, PGE1 (alprostadil) has played a leading
role in the management of ED. Alprostadil has been
developed for intracavernous injection therapy, in-
traurethral therapy (Medicated Urethral System 
for Erection MUSE ®), and for topical therapy. 
PGE1 stimulates adenylate cyclase via specific
prostaglandin (EP) receptors [45], inhibits norepi-
nephrine release at α1-adrenoceptors, and hence
acts as an anti-sympathetic drug. In addition, PGE1

also causes reduction in angiotensin II secretion [38]
and activates maxi K+ channels, thus resulting in hy-
perpolarization and a decrease in intracellular Ca++

concentration.
Bradykinin has been reported to induce a dose-

dependent relaxation of isolated human cavernous
muscle strips due to an increase of the intracellular
cAMP and cGMP concentrations.

The influence of hormones on erection
Testosterone (T)
Both fetal and later phallic growth are dependent
on T and DHT tissue concentrations and androgen
receptor density. At the cerebral level, testosterone

stimulates the synthesis, storage and release of pro-
erectile neurotransmitters such as dopamine, NO
and oxytocin [14,24,46,47]. At the spinal level the
somatic motoneurons of the bulbo- and ischiocav-
ernous muscles are T dependent (Fig. 3.8).

At the corpus cavernosum level, NOS-containing
parasympathetic nerves are T dependent [48]. Re-
cent studies in animals have shown that T has a con-
siderable effect on relaxation of cavernous smooth
musculature and that T sites of action are also distal
to the cGMP level [49]. Density and sensitivity of 
α-adrenoceptors are T dependent with an increase
following T deprivation by castration [50]. Andro-
gen (T) withdrawal is followed by programmed 
cell death (apoptosis) of the cavernous smooth
musculature [51].

Dehydroepiandrosterone(sulfate) (DHEA(S))
DHEA(S) is an intermediate product of T biosyn-
thesis. It is synthesized in significant amounts in
the adrenal cortex. Although the serum concentra-
tions of this androgen are a thousand-fold higher
in primates than those of T, the importance of
DHEA(S) is not yet well defined or understood.
DHEA replacement therapy in men with proven
DHEA deficiency resulted in increased vitality and

Brain (T, DHT, E2)
Modulation of neuronal
activity, receptor sensitivity and
neurotransmitter release
     socio-sexual behaviour
Libido

DHT
5a-reductase

Aromatase

Testosterone

17β-E2

Penis
NOS-containing nerve fibers
α1-receptor sensitivity
Smooth muscle cells

Castration, severe
hypogonadism:
- NOS-containing nerve fibers
- Rigidity
- Apoptosis of smooth muscle cells
  (shrinking of penis)

Leydig-cell

T+FSH for
spermiogenesis

Daily testosterone-
production: 6-10mg

(95% testicle,
5% adrenal)

Spinal cord
Androgen-sensitive motoneurons
(Bulbo-ischiocavernous muscles)
Androgen receptors in parasympathetic
S2–S4 erection center

Testosterone
blood

circulation

Fig. 3.8 Impact of testosterone on
male sexual function.

SPS03  8/1/06  11:16 AM  Page 39



40 Chapter 3

well-being after oral administration of 50mg
DHEA/day [52], or in improvement of ED in impo-
tent men [53].

Growth Hormone (GH) and insulin-like growth 
factor (IGF-1)
It has been proven that GH and IGF-1 affect penis
growth and androgen production [54]. In cases with
isolated GH deficiency and micropenis, continuous
treatment with recombinant growth hormone nor-
malizes the penile size [54]. Recently it has been sug-
gested that GH also plays a role in erection [55].
Recombinant GH caused dose-dependent relaxation
of cavernous smooth musculature by increasing
intracellular cGMP levels. During erection a 90% in-
crease in intracavernous GH concentration occurred
in the tumescence stage.
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It seems paradoxical that among the physiologic 
functions of the human body, sexual function has
generated the greatest popular awareness and 
curiosity, but the least scientific inquiry. Despite the
considerable human behavior, both virtuous and evil,
that has been motivated by human sexuality, restric-
tive social attitudes and taboos have severely 
inhibited scientific investigation of human sexual
function. Working within a restrictive social environ-
ment, a few irrepressible investigators and observers
of human behavior have changed the course of mod-
ern social science and philosophy through their inter-
ests in sexual medicine and sexual psychology.
Sigmund Freud brought new concepts of the impor-
tance of sexuality to the forefront of Western creative
thinking at the end of the 19th century and beginning
of the 20th century [1]. As early as 1896, the aphro-
disiac effects of yohimbine were reported by Leopold
Spiegel, who extracted this substance from the bark of
the West African yohimbe tree [2]. Around that time
reports on the successful treatment of “atonic impo-
tence” by dorsal penile vein ligature procedures were
also published in the literature [3,4]. Only a few years
later in 1914, a patent for “a device for the artificial
erection of the penis”, the prototype of the vacuum
devices, was awarded to Otto Lederer in Germany [5].
Decades later, Alfred Kinsey’s epidemiologic studies of
human sexual behavior, published in 1948 and 1953,
profoundly liberalized popular attitudes about sexu-
ality in American society [6]. In the 1960s, Masters
and Johnson contributed groundbreaking studies of
sexual anatomy and physiology as well as new con-
cepts about sex therapy, further lessening societal bar-
riers to open discussion of human sexuality [7,8]. At

about the same time, research in sex steroid biochem-
istry led to the development of the birth control pill in
the 1960s. The ability for women to control their own
reproductive choices played a vital role in the rise of
feminism in Western countries; and the rise of femi-
nism was a crucial element in producing more liberal
social attitudes about human sexuality and the result-
ing sexual revolution of the late 1960s and early
1970s.

Perhaps made possible by this sexual revolution,
progress in male sexual medicine accelerated in the
1970s. Prior to this time, sexual dysfunction was con-
sidered to be an endocrine or a psychologic problem.
The usual treatments were testosterone therapy for
men with hypogonadism, and psychotherapy. In the
early 1970s, Vaclav Michal, a vascular surgeon from
Prague, began to investigate the role of penile revas-
cularization techniques for the treatment of vasculo-
genic erectile dysfunction [9,10]. Interest in Michal’s
surgical techniques led Adrian Zorgniotti in 1978 
to organize the First International Conference on
Corpus Cavernosum Revascularization in New York.
This conference evolved into biennial conferences,
which expanded to cover the entire field of sexual
medicine. By 1984, these conferences became the
meetings of the International Society for Impotence
Research (ISIR). ISIR has since been renamed the
International Society for Sexual Medicine (ISSM).

Also in the early 1970s, Small, Carrion, Scott and
others in the United States created a dramatic change
in treatment options for erectile dysfunction with
the introduction of the modern era of penile 
prostheses [11,12]. This resulted in new access to
treatment for erectile dysfunction for tens of 
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thousands of men worldwide, and created a new
wave of popular and medical interest in sexual 
medicine.

Subsequently, in 1981 the serendipitous discovery
in Paris by Ronald Virag of the erectogenic action of
intracavernous injection of papaverine produced
major advances in both the treatment of erectile
dysfunction and the understanding of erectile physi-
ology [13]. By the mid-1980s, intracavernous
injection therapy with papaverine, the mixture of
papaverine/pentolamine, and later with prostag-
landin E1, became a common and effective treat-
ment for erectile dysfunction [14–17].

A particularly important development in sexual
medicine occurred in 1992 when the National Insti-
tutes of Health in the United States called for a con-
sensus development conference on impotence. The
conference recommended using the term erectile
dysfunction rather than impotence, and defined
erectile dysfunction as the “consistent inability to at-
tain or maintain a penile erection, or both, sufficient
for adequate sexual relations.” This effectively iden-
tified erectile dysfunction as a recognized disease
state, thus helping to qualify it for governmental and
private insurance medical benefits.

As scientists dedicated more and more effort in the
1990s to elucidating the molecular biology of sexual
and erectile physiology, a major basic science break-
through occurred in the mid-1990s with the discov-
ery of the role of nitric oxide in smooth muscle
relaxation of the corpus cavernosum. Only a few
years later, the greatest clinical breakthrough event
in the history of male sexual medicine occurred with
the approval of sildenafil, the first effective oral ther-
apy for erectile dysfunction, which was launched in
March 1998 in the US [18]. The social impact of
sildenafil may have been even greater than its 
medical impact. While some 25 million men have
benefited from sildenafil, and another five million or
more have benefited from the newer phosphodi-
esterase inhibitors, vardenafil and tadalafil; the com-
mercialization of these drugs has brought the subject
of sexual dysfunction into common parlance and so-
cial discussion for hundreds of millions of men and
women throughout the world. The introduction of
sildenafil may have been the most important event
in medical history in destigmatizing sexual dysfunc-
tion and reducing taboos about discussing sexuality.

Proceeding into the beginning of the 21st century,
new trends in sexual medicine promise to promote
more popular interest and public discussion. A new
and specific treatment for premature ejaculation, one
of the most common forms of male sexual dysfunc-
tion, is in the final stages of clinical development and
may be approved in 2007 [19]. And an entirely new
method of treating erectile dysfunction using the 
cutting-edge technique of gene therapy has just ente-
red the initial stages of clinical development [20]. Im-
portantly, progress in both male and female sexual
health has been aided by the World Health Organiza-
tion (W.H.O.) which has designated the years 2004 to
2009 for worldwide public emphasis on sexual health
using the campaign slogan, “Sexual Health: a new fo-
cus for W.H.O.”. The recognition by W.H.O. of the im-
portance of sexual health is another signal of the vital
role that sexual medicine is likely to play in the future.

Epidemiology of 
Erectile Dysfunction

The scale and potential social impact of erectile dys-
function may be best understood by an appreciation
of its international frequency. In 1995, it is estimated
that there were 152 000 000 men worldwide suffer-
ing from erectile dysfunction. Because of the acceler-
ating aging of the world population, coupled with
the high prevalence of erectile dysfunction in men
over 50, the world population of men with erectile
dysfunction is expected to increase to 322 000 000 by
the year 2025 [21]. With this high prevalence, erec-
tile dysfunction will become a progressively more
common and compelling public health problem
throughout the world.

Many studies on the prevalence of erectile dys-
function have been published in recent years but
their conclusions vary widely. The reasons for the
varying results include differences in the design and
methodology of the studies, the methods of selecting
subjects for the study, the age and health of the co-
hort studied, the questions that are asked, how the
questions are asked, cultural characteristics of the
cohort under study, the prevailing attitudes about
what constitutes a normal and an abnormal erection
in the cohort under study, and prejudices of the
investigators.

A review of 15 large-scale prevalence studies from
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1994 to 2004, reporting men with erectile dysfunc-
tion as a percentage of the studied population shows
that the prevalence of erectile dysfunction has varied
from a low of 10.2% in Laumann’s US study of men
aged 18–59 years, to a high of 64% in Akkus’ Turkish
study of men over 40 (Table 4.1) [22–36]. Among all
15 studies, the Massachusetts Male Aging Study is
the one that is most often referenced [22]. This study
demonstrated an overall prevalence of erectile dys-
function of 52% in men aged 40–70. Of these 52%,
17.2% had minimal erectile dysfunction, 25.2% had

moderate erectile dysfunction and 9.6% had com-
plete erectile dysfunction.

Prevalence studies have produced much practical
information of clinical importance. Across all preva-
lence studies, when controlling for other factors, 
increasing age is a strong risk factor for erectile dys-
function. This effect becomes especially prominent
after about age 50 years. For example, in 11 preva-
lence studies which report erectile dysfunction by
decade of life, the prevalence of erectile dysfunction
for men in their 30s is 2–15.9%, in their 40s is 9–

Table 4.1 Prevalence of erectile dysfunction.

Total Mild Moderate Complete
Author Year Country N Age (%) (%) (%) (%)

Feldman [22] 1994 US 1.290 40–70 52 17.2 25.2 9.6
(�54) (�54)

Dunn [23] 1998 UK 780 18–75 26
�50

Laumann [24] 1999 US 1.249 18–59 10.2

Braun [25] 2000 Germany 4.489 30–80 19.2

Chew [26] 2000 Australia 1.240 18–91 39.4 9.6 8.9 18.6
(�56)

Akkus [27] 2000 Turkey 1.982 >40 64.3 35.7 23 5.6

Vaaler [28] 2000 Norway 1.182 >40 33 NA 20 13

Meuleman [29] 2000 Netherlands 1.215 >40 13

Mahmoud [30] 2000 Egypt 594 30–70 54.9 32.3 20.4 2.2
(�39) (�39)

Koskimaki [31] 2000 Finland 2.128 50–70 48 22 14 12

Dogunro [32] 2000 Nigeria 917 35–70 50.7 40.5 9.9 0.2
(�43)

Kadiri [33] 2000 Morocco 646 >25 53.6 37.5 15 1.1
(�40)

M.-Morales [34] 2001 Spain 2.476 25–70 12.1 5.2 5 1.9

Rosen [35] 2004 Multinational 27.839 20–75 16

Laumann [36] 2005 Multinational 13.618 40–80 12.9–28.1*

deBoer [37] 2004 Netherlands 2.117 18–80 16.8 5.9 3.6 6.9

Ponholzer [38] 2005 Austria 2.869 20–80 32.3 23.7 7.2 1.3

* Variation of prevalence depends on the region under investigation.
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39%, in their 50s is 16–67%, in their 60s is 27–76%,
and in their 70s is 37–83% [22–26,29–31,33,34,
36–38] (Table 4.2). Other major risk factors for
erectile dysfunction include hypertension, hyper-
lipidemia, diabetes, cardiovascular disease, and pro-
bably smoking. The common element, which links
these risk factors and erectile dysfunction, is en-
dothelial dysfunction. Epidemiologic studies are
producing the very important new concepts that
erectile dysfunction may be an early manifestation
of endothelial dysfunction, that erectile dysfunction
may be a harbinger of generalized endothelial dys-
function, and that erectile dysfunction may be a pre-
cursor for various forms of cardiovascular disease
[40]. These concepts, if true, will have powerful im-
plications for strategies to promote cardiovascular
health and to prevent catastrophic cardiovascular
diseases such as stroke and coronary thrombosis.

Many of the erectile dysfunction prevalence stud-
ies have been done in populations from specific na-
tions. While there are large variations among these

studies, the variances in study design, methodology
and subject recruitment prevent the conclusion that
the prevalence of erectile dysfunction is discernibly
more or less common in any one country.

Even though erectile dysfunction increases signifi-
cantly with increasing age, there is evidence of contin-
ued sexual activity in men over 70, and even beyond
age 80. For men in the age range 70 to 79, a study con-
ducted in Germany [25] reported that 71% of men
were sexually active, and a study in Japan [41] report-
ed that 55% to 70% of men were sexually active [41].
The Japanese study also reported that 44% of men
over age 80 were sexually active. Another study
showed that, for men aged 50 to 80 in the United
States and six European countries, the number of sex-
ual activities per month was consistently between 5.4
and 6.5 (Fig. 4.1) [42]. These epidemiologic studies
strongly suggest that a large percentage of men re-
main sexually active into their 70s and beyond.

Another important concept in epidemiologic stud-
ies of erectile dysfunction is that the overall preva-

Table 4.2 Prevalence of erectile dysfunction by decade of life.

Decade of Life

Author Country N (total) 30–39 40–49 50–59 60–69 70–80

Feldman [22] 1998 USA 1.790 ? 39% 48% 57% 67%

Laumann [24] 1999 USA 1.249 9% 11% 18% NA

Braun [25] 2000 Germany 4.489 2.3% 9.5% 15.7% 34.4% 53.4%

Chew [26] 2000 Australia 1.240 8.4% 13.1% 33.5% 51.5% 69.2%

Kadiri [33] 2000 Morocco 646 5% ? ? 56.7% ?

Mahmoud [30] 2000 Egypt 594 15.9% ? ? 35.7% ?

Koskimaki [31] 2000 Finland 2.178 ? ? 67% 76% 83%

Glina [39] 2000 Brazil 825 2% 9% 16% 27% 49%

Meuleman [29] 2000 Netherlands 1.779 10% 78%

M.-Morales [34] 2001 Spain 2.476 1% 1.7% 4.5% 11.7% —

Rosen [35] 2004 Multinational 27.839 11% 15% 22% 30% 37%

DeBoer [37] 2004 Netherlands 2.117 5.6% 13.7% 23.7% 40% 41.9%

Ponholzer [38] 2005 Austria 2.869 28.9% 37.5% 71.2%

NA, not available.
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lence of concern in men with erectile dysfunction is
only about one half of the overall number of men with
erectile dysfunction. Prevalence studies and pharma-
ceutical sales data show that only a fraction of men
with erectile dysfunction seek and use treatment
chronically. In the multinational MALES study of
27 839 men between the ages of 20 and 75 years, 16%
or about 4450 men, self-reported erectile dysfunc-
tion. Of these men with self-reported erectile dys-
function, 58% acknowledged that they had discussed
erectile dysfunction with a doctor but only 22% had
used sildenafil more than once and only 15.7% used
sildenafil continuously [35]. Another study pub-
lished in 2000 showed that of 4483 German men aged
30 to 80 who responded to a postal questionnaire,
19.2% reported having erectile dysfunction, but only
6.8% had urologic treatment for erectile dysfunction
[25]. This suggests that only about one third of these
men with erectile dysfunction were bothered enough
to want medical treatment for erectile dysfunction.
Although another report from The Netherlands
showed that two thirds of men with ED were bothered
by this disease. Interpreting all of these studies broad-
ly, it seems reasonable to conclude that about one half
of men with erectile dysfunction are bothered by it
and one half are not.
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Introduction

Our understanding of the etiology and risk factors
for erectile dysfunction (ED) has grown immensely
over the past twenty years. Masters and Johnson [1]
(1970) suggested that most cases of impotence were
psychogenic, while Helen Kaplan (1974) estimated
that erectile failure was psychogenic in 90% of cases
and organic in 10% of cases [2]. However, the intro-
duction of modern diagnostic tools in the area of 
sexual medicine revealed that vascular, neurologic,
endocrinal, and other factors, contribute signifi-
cantly to the development of ED [3]. The current
consensus is that in most patients ED is of mixed
etiology that may be either predominantly psy-
chogenic or predominantly organic. The main
etiologies and risk factors for ED are presented in
Table 5.1.

Psychogenic Factors

Several predisposing, precipitating, maintaining,
and contextual factors influence the development
and maintenance of ED. Please refer to Chapter 2
(Psychologic and Interpersonal Aspects and their 
Management).

Lifestyle
Lifestyle factors frequently reported to be associated
with ED include a sedentary lifestyle, smoking, alco-
hol or drug abuse, and obesity. Sleep deprivation
has recently been suggested to inhibit nocturnal
erections [4]. An increase in body mass index by 1
kg/m2 reduced the Sexual Health Inventory for Men

(SHIM), also known as IIEF-5 (5-item version of the
International Index of Erectile Function), by 0.141,
independent of age (P = 0.005) [5]. In a study of 593
men 30 to 70 years old, midlife lifestyle modification
appeared to be too late to reverse the adverse effects
of nicotine, obesity, and alcohol consumption on
sexual function, while physical activity appeared to
be effective in reducing the risk of ED even if initi-
ated in midlife [6]. A controlled study in obese men
(BMI > 30) revealed that increase of physical activi-
ty from 48 to 195min/week, and a decrease in BMI
from 36.9 to 31.2 over two years, resulted in an in-
crease of the International Index of Erectile Func-
tion (IIEF) score from 13.9 to 17 (P < 0.001) [7].

Age
Although many men continue to function sexually
into later age, epidemiologic studies confirm that
the prevalence of ED increases significantly with age
(see also Chapter 4). In the Massachusetts Male
Aging Study (MMAS), 39% of men had some de-
gree of ED at the age of 40 [8]. The prevalence
gradually increased to reach 67% at the age of 70. A
strong relationship of patient age with both preva-
lence and severity of ED was also recently con-
firmed by a large-scale study of 2476 Spanish men
[9]. In this regard it is obvious that the strong 
age-related increase of the prevalence of ED is
predominantly due to the increasing risk factors
with age.

Poor Physical and 
Psychological Health
In a recently published report involving 447 men

CHAPTER 5

Etiology and Risk Factors of 
Erectile Dysfunction
Hussein Ghanem and Hartmut Porst
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Table 5.1 Etiology and risk factors of ED.

Psychogenic factors (see Chapter 2)
• Lifestyle factors and individual health conditions
• Sedentary life-style
• Nicotine
• Alcohol abuse
• Drug addictions
• Possible factors: obesity, sleep deprivation, general poor 
health
• Age

Cardiovascular risk factors
• Hypertension
• Dyslipidemia
• Coronary artery disease (CAD)
• Peripheral arterial occlusive disease (PAOD)

Cavernous factors
• Cavernous veno-occlusive dysfunction
• Cavernous myopathy
• Cavernous fibrosis after priapism
• Peyronie’s disease
• Penile fracture

Diabetes mellitus
• Diabetes type 1
• Diabetes type 2

Endocrine factors (see Chapter 18)
• Hypogonadism
• Hypoprolactinemia and prolactinoma
• Thyroid disorders

Iatrogenic ED
• Drug induced (see Table 5.3)
• Post-operative
• Post-radiation

LUTS (lower urinary tract symptoms) and BPH
Other medical disorders
• Hepatic insufficiency
• Respiratory disorders and sleep apnea
• Renal insufficiency
• Neurogenic disorders (MS, Parkinson’s disease, stroke)

Post-traumatic ED
• Neural and vascular lesions

attending general practice clinics in London, it was
found that men with sexual dysfunctions were in
poorer physical and psychologic health (Nazareth
and Boynton, 2003). The diagnosis of sexual dys-

function was according to ICD-10 (International
Classification of Diseases, 10th revision).

Nicotine abuse
Smoking has been shown to be an important risk 
factor for ED, whether in the long or short term. 
The detrimental effects of smoking on sexual 
function have been shown to be independent of
other nicotine related health problems. Long-term
cigarette smoking has been shown to be an indepen-
dent risk factor for arteriogenic impotence [29].
Juenemann et al. suggested that smoking could 
significantly interfere with the cavernous veno-
occlusive mechanism [30]. Smoking cigarettes di-
rectly before an intracavernous injection of 
papaverine significantly reduced the erectile 
response to the medication [31].

Cardiovascular Risk Factors

More than 20 years ago the vascular surgeon Vaclav
Michal from Prague recognized that chronic arterial
disease, compromising the blood flow in the cav-
ernous arteries, can be a significant cause of ED [11].
Atherosclerosis appears to be the most common
cause of vasculogenic erectile dysfunction. Smoking,
hypertension, diabetes mellitus and dyslipidemias
have been shown to initiate the cascade of events re-
sulting in atherosclerosis. These include endothelial
injury, cellular migration, and smooth-muscle pro-
liferation [12].

These same risk factors leading to the manifesta-
tion of ED are shared with coronary artery disease
(CAD). Studies suggest ED as a strong predictive 
factor for CAD [13,14]. Vasculogenic impotence has
been reported to be the first sign of a generalized 
arteriopathy suggesting that physicians should
check ED patients for ischemic heart disease, which
can be diagnosed by stress ECG or other investiga-
tions prior to starting treatment for ED [15,16]. The
presence of silent co-existing myocardial ischemia
should be considered in men who present with ED,
particularly when they have other cardiovascular
risk factors [17].

Hypertension
Hypertension is a major risk factor for the develop-
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ment of vascular ED. Muller et al. reported a very
high incidence (85%) of cavernous artery insuffi-
ciency in a group of 117 hypertensive patients [18].
Oaks and Moyer reported that 8–10% of hyperten-
sive patients suffered ED at their initial diagnosis
with hypertension [19]. In a more recent study 
Burchardt et al. reported a 68% ED incidence rate in
treated hypertensive patients with 7.6% suffering
from mild, 15.4% from moderate, and 45.2% from
severe ED, according to the IIEF [20].

Dyslipidemia
In animal experiments, acute and chronic hypercho-
lesterolemia resulted in impairment of neural and
endothelial-mediated relaxation of the cavernous
smooth muscle cells through inhibition of NO-
synthesis [21–23].

A high level of total cholesterol or a low level of
high density lipoproteins (HDL) were reported as 
important risk factors for ED [8,24].

In clinical studies pathologic HDL and LDL (low
density lipoprotein) values were associated with vas-
cular ED and veno-occlusive dysfunction [25,26].
Lowering elevated total, and especially LDL, choles-
terol levels, either by dietary measures or 
by administration of cholesterol lowering drugs
(statins), resulted in a significant improvement of
erectile function in both animals and humans
[27,28].

Diabetes Mellitus (Table 5.2)

Several studies confirmed the etiologic role of dia-
betes in ED. ED develops in 35–75% of diabetics
[32]. In the MMAS complete ED has been shown to
occur three times more frequently in diabetics than
in non-diabetics [8].

Diabetes mellitus may be involved in the patho-
genesis of ED through several mechanisms, includ-
ing sensory neuropathy, autonomic neuropathy, or
vascular insufficiency (macro- or microangiopathy).
Psychogenic or mixed factors may be also involved in
ED in diabetic patients.

Based on animal models and human in vitro trials,
a variety of cellular, biochemical and molecular
changes in the cavernous tissue have been reported
in the literature over the past 20 years (see Table 5.2).

ED in diabetics has been reported to be more com-
mon than retinopathy or nephropathy [33]. It occurs
earlier in type I diabetes and may be the first sign of
diabetes mellitus in 12% of patients [34]. Peak sys-
tolic velocity in the cavernous artery was found to be
lower in diabetics in a study of 105 patients [35].
Endothelium-dependent and nerve-mediated cor-
poral smooth muscle relaxation were also impaired
with diabetes [36].

Medical Disorders

Several systemic diseases are associated with ED, 
including neurologic disorders, respiratory diseases,
renal and hepatic disorders.

Neurologic diseases
ED can occur as a result of various neurologic dis-
eases or lesions. The hippocampus and paraventricu-
lar nucleus and medial preoptic area are considered
as the main centers regulating sexual drive and be-
havior [37,38]. Lesions at these areas may result in
ED, depending on their severity. Central neurologic
disorders frequently associated with ED include dis-
orders at the level of the brain (e.g. multiple sclerosis,
temporal lobe epilepsy, Parkinson’s disease, stroke or
Alzheimer’s disease), or at the level of spinal cord
(e.g. spinal cord injury) [39,40,41]. Peripheral neu-
rologic disorders related to ED include afferent (sen-
sory) neuropathies, such as dorsal penile nerve
affections (e.g. diabetic neuropathy), or efferent (au-
tonomic) lesions, such as autonomic neuropathy or
lesions of the cavernous nerves after radical pelvic 
surgery [42].

Respiratory diseases
Chronic obstructive pulmonary disease has been as-
sociated with ED in up to 30% of cases despite intact
penile vasculature, suggesting pulmonary disease as
a primary etiologic factor [43]. Hypoxia may be a
possible mechanism for this. An association between
obstructive sleep syndrome, as well as sleep apnea,
and ED was suggested by several other authors
[44,45].

Hepatic insufficiency
ED has been reported in up to 50% of patients with
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chronic liver dysfunctions, and may reach up to 75%
in alcoholic liver cirrhosis [46]. Suggested mecha-
nisms for ED in hepatic failure include hyperpro-
lactinemia, increased sex hormone binding globulin
synthesis resulting in decreased bioavailable testos-
terone, and elevated levels of estrogens [47].

Renal insufficiency
Renal failure may result in ED in up to 50% of pa-
tients. Possible mechanisms for ED in patients with
renal disease include vascular insufficiency, auto-
nomic or sensory neuropathy, endocrine factors
with decreased testosterone and elevated prolactin
levels, significant anemia, zinc deficiency, associated
diabetes, psychologic stress, and anti-erectile med-
ications such as antihypertensives [48,49]. In pa-

tients requiring dialysis, occlusions of the cavernous
arteries was found in 78%, and veno-occlusive dys-
function in 90% of patients [50].

Iatrogenic Disorders

Iatrogenic disorders include post-operative, post-
radiation, and drug-induced ED.

Post-operative ED
Surgery may lead to ED, either by compromising the
vascular or nerve supply, or by hormonal depriva-
tion (e.g. post castration, due to advanced prostate
cancer or post pituitary surgery). Transurethral and
open prostate adenomectomy may result in ED in
between 5 and 40% of patients depending on the se-

Table 5.2 Pathogenesis of ED in diabetes mellitus.

Angiopathy
Macroangiopathy (rarely): Iliac arteries
Microangiopathy (frequently): Penile arteries and microcirculation

Polyneuropathy
Somatic nervous system: Pudendal and dorsal penile nerve
Autonomic nervous system: Parasympathetic → pelvic and cavernous nerves (Impairment of erection)

Sympathetic → pelvic and cavernous nerves (Loss of emission and ejaculation)

Impairment of neurotransmitter synthesis/release
Cerebral/spinal level: NO↓
Peripheral level (penis): NO↓, VIP↓, ACH↓

Endothelial and smooth muscle cell dysfunction
Upregulation of ETB-receptors
Impairment of eNOS (NO↓)
Impairment of prostanoid synthesis (Prostacyclin: PGI2↓, PGE1↓)
Upregulation of arginase (NO↓)
Upregulation of protein kinase C (PKC) β II
Impairment of KATP-channels (additionally enhanced by sulfonylurea antidiabetics)
Upregulation of insulin-like growth factor binding protein 3 (IGFBP-3) precursor
Downregulation of estrogen β-receptor expression
Upregulation of α1-adrenoceptors
Glycosylated hemoglobin C-induced decrease of NO-release

Impairment of cavernous tissue architecture
Enhanced apoptosis of smooth muscle cells and endothelium
Enhanced collagen synthesis (TGF β1↑) and fibrosis

NO, nitric oxide; VIP, vasoactive intestinal polypeptide; ACH, acetylcholine; eNOS, endothelial derived nitric oxide synthase;
ETB-receptors, endothelin type B receptors; PGI2, prostacyclin; PGE1, prostaglandin E1; TGF, transforming growth factor.
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ries reported [51–53]. Procedures frequently result-
ing in the manifestation of ED include radical pelvic
surgery, such as radical prostatectomy (non nerve
sparing), or cystectomy, abdominoperineal resection
of the rectum and aorto–iliac bypass surgery. With
knowledge of the anatomical course and identifica-
tion of the cavernous nerves from the spinal center
to the erectile tissue, and with the possible aid of in-
traoperative neurostimulation, the cavernous
nerves may be identified and preserved, thereby pre-
venting iatrogenic impotence [54,55].

Radiogenic impotence
Studies have shown that 20 to 75% of patients who
received radiation for malignant disease suffered
from ED, with an onset of as early as one month up to
four years. In particular, vascular (arterial) factors
were discussed [56].

Drug induced ED
Several classes of medications and recreational drugs
have been linked to the manifestation of ED (Table
5.3). This list is not meant to be inclusive of all med-
ications that could cause ED. Drugs exhibit their 
adverse effects either through central inhibitory
neuroendocrine mechanisms and/or local neu-
rovascular actions, or they have an impact on the
hormonal milieu (testosterone, prolactin). Psy-
chotropic medications may exert their inhibitory
effects through their effect on central neurotrans-
mitter pathways (serotonergic, adrenergic or
dopaminergic). Beta-adrenergic blockers may ex-
hibit central inhibitory effects or allow predomi-
nance of peripheral α-mediated vasoconstrictive
effects [57]. Antiandrogens may suppress libido. Al-
most all recreational drugs have been reported to be
associated with sexual dysfunctions, including
Marijuana, opiates and cocaine [58,59]. In addition
to the central nervous system (CNS) inhibitory ef-
fect, opiates have demonstrated an acute suppres-
sion of luteinizing hormone (LH) release from the
pituitary gland, followed by a secondary drop in
plasma testosterone levels [60].

Post-traumatic ED

Patients with a history of pelvic fracture with associ-

ated urethral trauma could suffer from ED due to dis-
ruption of the neurovascular pathway [61]. Spinal
cord injuries also often result in ED, depending on
the level of the lesion. Patients with incomplete le-
sions have a higher likelihood of preservation of
sexual function. Ejaculation and orgasm may also
adversely be affected in spinal cord injury patients
[62]. According to Chapelle et al., three different
erection patterns may be distinguished in patients
with spinal cord injuries [63].

Table 5.3 Selection of medications and recreational drugs
commonly associated with ED.

Antihypertensives
Thiazide diuretics
Beta blockers
Calcium channel blockers

Antidepressants/Neuroleptics
Tricyclic antidepressants
Selective serotonin reuptake inhibitors
Phenothiazines
Butyrophenones

Antiarrhythmics
Digoxin
Amiodarone
Disopyramide

Medications impacting on hormone milieu
Anti-androgens
GnRH agonists (leuprolide, goserelin, others)
Flutamide
Ketoconazole
Spironolactone
H2 blockers
Cimetidine
Estrogens

Recreational substances
Marijuana
Opiates
Cocaine
Nicotine
Alcohol

GnRH, gonadotophin releasing hormone; H2 blockers,
histamine-2 receptor blockers.
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Psychogenic erections
Originating in the sympathetic psychogenic spinal
erection center (Th10–L2), these are especially ob-
served in lower motor lesions. Psychogenic erections
are mostly partially rigid, frequently not allowing 
satisfactory intercourse.

Reflexogenic erections
Originating in the preserved parasympathetic 
reflexogenic spinal erection center (S2–S4), these are 
present in the event of upper motor lesions. Reflex-
ogenic erections quite often result in rigid erections,
allowing satisfactory intercourse.

Mixed erections
They contain patterns from both psychogenic and
reflexogenic erections.

Penetrating or blunt penile trauma may result in
corporeal or tunical rupture (so called fracture of
penis) or scarring. Penile fracture is not that rare an
event and may either result in acute severe
hematoma of the penis, with or without simultane-
ous rupture of the urethra, requiring immediate sur-
gical intervention, or more often may result in a
cracking noise without apparent hematoma, but
subsequent manifestation of a Peyronie’s-like
plaque with penile deviation, with or without simul-
taneous ED. A review of the literature comprising 25
references with a total of 393 cases, reported the fol-
lowing causes of penile fractures [64]:
• Vigorous masturbatory activities: 43%
• Sexual intercourse: 28%
• Fall, blow or bending (erect penis): 16%
• Rolling over asleep: 11%
• Fall, blow or bending (flaccid penis): 2%

Acute perineal (straddle) trauma may disrupt the
neurovascular bundle with or without accompany-
ing urethral rupture, and may result in ED [65].

Chronic perineal trauma in the sense of a chronic
compression syndrome, which is occasionally ob-
served in cyclists who spend a long time in the saddle,
may lead to impairment of the penile blood supply
with effects on the pudendal nerve (numbness of
penis), and subsequent manifestation of ED [66–68].

Significant testicular injury resulting in testicular
atrophy or hypogonadism could potentially lead 
to ED.

Endocrine Factors

Endocrine diseases that are significantly related to
sexual function include diabetes mellitus, hyperpro-
lactinemia and hypogonadism. Testosterone affects
various physiologic actions, and plays an important
role in the function of many organs and the develop-
ment of male secondary sex characters. See 
Chapters 3 and 18).

Lower Urinary Tract 
Symptoms (LUTS)

There has been a recent increased interest in the as-
sociation between LUTS and ED, both conditions
being prevalent among older men. Recent epidemio-
logic data support such a link. El Sakka recently stud-
ied 476 male patients with ED and reported that 77%
suffer from LUTS; of those, 22.8% had mild, 42%
had moderate, and 35.2% had severe grades of ED.
Significant associations between LUTS and both the
longer duration and the increased severity of ED,
were also observed [69]. Suggested mechanisms for
the postulated LUTS–ED association include: (1) de-
creased or altered NOS/NO levels in the prostate 
and penile smooth muscle; (2) increased adrenergic
tone effects on LUTS, prostate growth and ED; 
(3) alternate pathway/mechanism: Rho kinase
activation/endothelin activity; and (4) pelvic
atherosclerosis [70].

Etiologies and Co-morbidities in
Relation to Prevalence of ED

Vascular disease and diabetes mellitus are the most
commonly associated etiologic factors for organic
ED. Neurogenic disorders, drugs and endocrine 
factors are also prevalent [71–74] (Fig. 5.1). Anxiety
and depression are the most common psychogenic
co-morbid conditions, while hypertension, hyperc-
holesterolemia, diabetes mellitus and cardiovascular
disease remain the most common physical disorders
associated with ED [72] (Fig. 5.2).

Conclusion

The understanding of the various etiologies and 
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risk factors for ED is imperative to guide the man-
agement plan. Expertise can assist us in tailoring 
the history-taking and physical examination to iden-
tify reversible risk and lifestyle factors, as well 
as to select the appropriate laboratory tests and 
investigations, as needed. Unnecessary, expensive,
and potentially invasive investigations are dispens-
able in the majority of ED patients, so costs can be
saved. Such knowledge would also allow us to edu-
cate our patients and their partners and to assist
them in modifying reversible causes of erectile dys-
function, thus enhancing the treatment outcome.
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Male sexual dysfunction encompasses many areas.
These include desire or libido disorders, erectile dys-
function and ejaculatory dysfunction. This chapter
focuses specifically upon the standards for the diag-
nosis of male erectile dysfunction (ED).

The patient-oriented approach to the evaluation
and treatment of male ED is the preferred and ac-
cepted approach for the majority of men with ED,
and serves as the basis for this chapter [1]. This im-
plies that the history and physical exam are the para-
mount factors contributing toward the successful
diagnosis of ED. The American Urological Associa-
tion ED guidelines panel also accepts this scheme [2].
The treatment of male ED is based upon the patients’
personal goals, and is covered elsewhere in this
textbook.

Questionnaires

Physicians who are not facile with the specifics of 
the ED office evaluation may turn to questionnaires
to aid in the diagnosis. Questionnaires are not
mandatory in the evaluation of male ED, but often
serve as an important adjunct to the proper diagno-
sis. Prior to, or in addition to, being seen by the phy-
sician (and as a significant part of the history), it is
advised that the patient fill out a questionnaire to
delineate the extent of the erection problem. There
are several questionnaires available. One of the sim-
pler questionnaires in use is the Sexual Health
Inventory for Men (SHIM), which has five questions,
detailed in Table 6.1, and appended in full at the end
of this chapter (Appendix A), which deal specifically
with erectile activity using a five-point Likert-type
scale [3]. The SHIM asks about erectile function over

a six-month time frame, which may be too long a
period for some men. Nonetheless, the SHIM is an
extremely worthwhile instrument for the diagnosis
of male ED. The five questions are simple, straight-
forward, yet comprehensive.

A normal healthy male will have a score of 22 or
more (scoring is detailed in Table 6.2), while the mid-
dle-aged man with garden variety ED will have score
of 12–16. There are a variety of other more general
questionnaires available that contain ED questions,
such as the International Index of Erectile Function
(IIEF), and the Male Sexual Health Questionnaire
(MHSQ) [4,5]. The SHIM is validated and has been
well studied, making it an ideal, simple instrument
for use. While the IIEF has been used for many clini-
cal studies, it can be used for routine office practice as
well. The length of the IIEF questionnaire may be a
barrier to its routine clinical use.

Diagnostic Evaluation Setting

The initial evaluation of male ED should include 
a complete medical, social and sexual history. 
This evaluation should be performed in a non-
judgmental fashion, in a friendly environment,
without undue interruption. Ideally, this encounter
should not be a hurried, exit-type interview, but a
thorough review of the sexual problem. The prime
goal should be to understand the specific sexual dys-
function. In as much as many couples do not use
vaginal intercourse as the barometer for a successful
sexual encounter, this issue should be explored at
the outset. What does the couple define as sexual
dysfunction? What does the couple define as erectile
dysfunction? The definition of male ED is “the
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Table 6.1 Sexual Health Inventory for Men (SHIM).

1. How do you rate your confidence that you could get and 
keep an erection?

2. When you had erections with sexual stimulation, how 
often were your erections hard enough for penetration?

3. During sexual intercourse, how often were you able to 
maintain your erection after you had penetrated 
(entered) your partner?

4. During sexual intercourse, how difficult was it to 
maintain your erection to completion of intercourse?

5. When you attempted sexual intercourse, how often was 
it satisfactory for you?

Total score ranges from 5 to 25 and is based on five
questions.
Each rated on a Likert scale of 1 = least functional to 5 
= most functional. 
With permission from Rosen RC, et al. Int J Impot Res
1999;11:319–326

Table 6.2 Sexual Health Inventory for Men (SHIM)
scoring. The score characterizes ED severity.

22–25 Normal erectile function
17–21 Mild ED
12–16 Mild to moderate ED
8–11 Moderate ED
<7 Severe ED

consistent or recurrent inability of a man to attain
and/or maintain a penile erection sufficient for
sexual performance” [6]. The definition emphasizes
and verifies the movement away from intercourse 
as the end point for the definition of male ED.

The onset of the sexual problem is a pivotal ques-
tion. Did the onset of the ED occur suddenly, imply-
ing a possible psychogenic erectile dysfunction? The
gradual onset of ED is most consistent with an organ-
ic etiology. Delineating the situation under which it
occurs is also a crucial question. Does the ED occur
under all circumstances? Does the ED occur with the
partner only? Does the ED occur with masturbation?
Does the ED occur with fantasy or watching an 

erotic video? If the ED occurs only with the partner,
then the ED is most likely psychogenic. If the ED
occurs under all circumstances, such as with an
erotic video, masturbation and with the partner,
then it is more likely organic.

The quality of erection should be explored, as well
as the duration of the erection. These two items are of
high importance in the diagnosis of male ED, as
many men with ED will still be able to have inter-
course but will be thought of as having ED due to the
lack of satisfaction with the quality of the erection.
As noted in the definition of ED, this is a function of
sexual satisfaction. Thus, a young man with an erec-
tion that is less hard as compared to his earlier, his-
torical erections, assuming that the decrease in the
hardness of erections is bothersome to him, may be
considered as having ED, in spite of the fact that 
his erections may be of sufficient rigidity for inter-
course. This is a major departure from the earlier
definitions that used intercourse as the end point
definition of ED.

The frequency and quality of the nocturnal erec-
tions, the frequency and quality of the morning
erections, the ability to successfully engage in vagi-
nal intercourse; heterosexuality vs. homosexuality;
the extent of concern about the problem, ejaculatory
success, ejaculatory volume, ejaculatory pain, orgas-
mic function, are all additional important items for
discussion.

The degree of sexual desire or libido, may signal
hypogonadism or reactive or fulminant depression.
The Androgen Deficiency in the Aging Male
(ADAM) questionnaire [7] (Table 6.3) has been
touted as a useful instrument to ascertain hypogo-
nadism. In my experience, this questionnaire has
some degree of sensitivity for hypogonadism, but is
not specific. Meaning, the ADAM questionnaire can
also detect other conditions as well.

The level of partner sexual interest should be as-
certained as it has been shown that the partner of
men with ED suffers with sexual dysfunction as 
well [8].

The partner may have a medical disease that pre-
cludes sexual relations, such as urinary incontinence
[9], or hip arthritis that precludes abduction of the
thighs. Partner issues and partner satisfaction are
among the other areas that should be explored. Table
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6.4 outlines the most germane questions to ask of the
man with erectile dysfunction.

Physical Examination

The physical examination remains an essential com-
ponent of sexual dysfunction evaluation. In most
cases, the physical examination will not identify the
specific etiology or cause of sexual dysfunction, but
will help in formulation of the diagnosis. The physi-
cal examination should include a general screening
for medical risk factors or comorbidities that are asso-
ciated with sexual dysfunction, such as body habitus
(secondary sexual characteristics), assessment of the
cardiovascular, neurologic and genital system, with
particular focus on the genitalia and secondary 
sex characteristics. The physical examination is 
used to corroborate aspects of the medical history
and may sometimes reveal unsuspected physical
findings (e.g. decreased peripheral pulses, atrophic
testes, penile plaque). Every effort should be made 
to ensure the patient’s privacy, confidentiality and
personal comfort while conducting the physical
examination.

The physical examination (Table 6.5) should
include specific attention to the genitalia. The ex-
amination starts preferably in a standing position
as possible gynecomastia, abnormal pubic fat-
deposition with shortening of the penis and varic-
ocele, are best visible and palpable in the upright
position. On occasion, pathologic conditions may
be encountered. Carbone et al. [10] found the fol-
lowing pathology in 207 patients (average age 60
years, range 17 to 88 years) who consulted a physi-
cian exclusively because of erectile dysfunction.
These men had undergone a complete urologic sta-
tus, including urinalysis, rectal examination, PSA
and ultrasound, before initiating specific ED diag-
nostic methods.

The results of the general urologic examination
were amazing: 31 (15%) of the 207 ED patients
showed malignancies on a thorough diagnostic
screening:
• 16 patients (7.7%) had prostate cancer with
prostate-specific antigen (PSA) values between 4.1
and 14.5
• 12 patients (5.8%) had superficial bladder cancer

Table 6.3 Androgen deficiency in aging men (ADAM)
questionnaire.

1. Do you have a decrease in libido (sex drive)?
2. Do you have a lack of energy?
3. Do you have a decrease in strength, endurance or both?
4. Have you lost height?
5. Have you noticed a decreased enjoyment of life?
6. Are you sad, grumpy, or both?
7. Are your erections strong?
8. Have you noted a recent deterioration in your ability to

play sports?
9. Are you falling asleep after dinner?

10. Has there been a recent deterioration in your work
performance?

Table 6.4 Brief checklist of questions for male erectile
dysfunction.

What is the problem you are experiencing?
When did it start; was it at some exact time point, or has the 

problem developed gradually over time?
When was the last time you had sexual intercourse?
Are the erections hard enough for vaginal penetration?
How often are the erections not hard enough for 

intercourse?
Are you satisfied with the hardness of the erection?
Are you satisfied with the duration of the erection?
Is the erection curved?
Is the erection painful?
Does the erection problem occur with your partner?
Does the erection problem occur when you awake in the 

morning, or watch an erotic video?
Does the erection problem occur with masturbation?
Are you heterosexual, homosexual or bisexual?
If heterosexual, is your partner concerned or unhappy with 

your sexual activity?
Does your partner have any problems that preclude sexual 

activity?
How is your sex drive?
Are you still attracted to your partner?
Are you able to ejaculate?
Is the ejaculation too quick or too rapid?
Is the ejaculation painful?
Is the ejaculation volume less?
Is the force of the ejaculation a problem?
Is there burning or pain with the ejaculation?
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• 2 patients (1%) had small renal cell cancer
• 1 patient (0.5%) had penile cancer
Although the 15% incidence of urologic malignan-
cies is unusually high in this study with only ED
patients, it highlights the importance of the general
urologic physical examination in men with ED.
Other pathologic findings may include Peyronie’s
plaques, testicular atrophy, varicocele, inguinal her-
nia, femoral arterial occlusive disease, sexually
transmitted disease, prostatitis, and anal pathology,
such as hemorrhoids, anal stenosis, anal fissure, rec-
tal cancer and weak anal tone (seen in diabetes and
neurologic disease).

Overlapping Diseases and Points of
Confusion

Shabsigh et al. demonstrated that ED and depression
coexist and are quite common [11]. One hundred

and twenty men with ED or benign prostatic hyper-
plasia (BPH) were divided into three groups. Group 1
had ED only, group 2 had BPH only, and group 3 had
both ED and BPH. Patients were screened for depres-
sive symptoms using Primary Care Evaluation of
Mental Disorders (PRIME-MD) and the Beck De-
pression Inventory (BDI). They were also surveyed
for comorbidity, marital status, severity of ED, levels
of libido, prior ED treatment choice (if any), success
of treatment, and others. Depressive symptoms were
reported by 26 (54%) of 48 men with ED alone, 10
(56%) of 18 men with ED and BPH, and 7 (21%) of
34 men with BPH alone. Patients with ED were 2.6
times more likely to report depressive symptoms
than men with BPH alone (P < 0.005). Patients with
depressive symptoms reported lower libido than
other patients (P < 0.0001). Severity of comorbidities
did not differ among the three groups. The conclu-
sion is that ED is associated with high incidence of
depressive symptoms, regardless of age, marital sta-
tus, or comorbidities.

In as much as depression is often seen in men with
ED, a screening questionnaire to elicit depressive
symptoms may be quite useful. The Centers for the
Epidemiologic Survey – Depression (CES-D) (Table
6.6) [12] is a public domain, useful instrument for
such purposes. Other instruments include the
Hamilton depression scale (HDS) and the BDI. It is
incumbent upon the clinician to be aware of this
relationship and to ask pointed questions, or use a
questionnaire to elicit or exclude the diagnosis of
depression.

Many men also confuse ejaculatory dysfunction
(EjD), such as rapid or delayed ejaculation, with ED.
Thus, the clinician must be keen and tease out the
specific male sexual dysfunction. Indeed, EjD and ED
may overlap, as depicted by Rosen et al. (Table 6.1) in
the Multinational Study of the Aging Male [13]. This
survey, which included postal questionnaires to men
aged 50–80 in seven countries, demonstrated that
EjD and ED were both highly prevalent and highly
bothersome (Figs 6.1 and 6.2).

Misconceptions

Many clinicians have misconceptions about many
aspects of ED, rendering ED a low priority item on

Table 6.5 Brief points to cover in the physical
examination of the male with ED.

check for gynecomastia
check for body hair distribution
check the penis size and suprapubic fat pad
check the femoral pulses
check for inguinal hernia
check for sexually-transmitted disease
check the penis for foreskin
check the foreskin, if present for ability to retract, warts, 

cancer and other lesions.
check the glans for balanitis and other similar conditions, 

warts and cancer.
check position of the urethra
check the tunica for plaques
check the urethra for warts, and strictures
check the penile skin for lesions
check the testis size and consistency
check the testis lie
check for varicocele
check for the presence of two testis
check the spermatic cord for the vas and any pathology
check the rectum for prostate size, volume, lesions, 

tenderness
check the rectum for hemorrhoids, anal cancer, anal 

stenosis, anal tone
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Table 6.6 The Centers for the Epidemiologic Survey-Depression (CES-D) questionnaire to evaluate depressive symptoms,
used by urologists at the University Hospitals of Cleveland.

Below is a list of ways you might have felt or behaved. Please tell me how often you have felt this way during the past
week. Please CIRCLE ONE number for each item.

Some or Occasionally
Rarely or none a little of or a moderate Most or all 
of the time the time amount of the of the time 
(Less than 1 day) (1–2 days) time (3–4 days) (5–7 days)

1 I was bothered by things that usually don’t 0 1 2 3
bother me

2 I did not feel like eating: my appetite was poor 0 1 2 3
3 I felt that I could not shake off the blues even 0 1 2 3

with help from my family or friends
4 I felt that I was just as good as other people 0 1 2 3
5 I had trouble keeping my mind on what I was 0 1 2 3

doing
6 I felt depressed 0 1 2 3
7 I felt that everything I did was an effort 0 1 2 3
8 I felt hopeful about the future 0 1 2 3
9 I thought my life had been a failure 0 1 2 3

10 I felt fearful 0 1 2 3
11 My sleep was restless 0 1 2 3
12 I was happy 0 1 2 3
13 I talked less than usual 0 1 2 3
14 I felt lonely 0 1 2 3
15 People were unfriendly 0 1 2 3
16 I enjoyed life 0 1 2 3
17 I had crying spells 0 1 2 3
18 I felt sad 0 1 2 3
19 I felt that people dislike me 0 1 2 3
20 I could not get going 0 1 2 3

Erections
(Reduced/None)

EjD
(Reduced or no

Ejaculation)
46%

49%

Fig. 6.1 ED and EjD are highly prevalent in a cohort of men
in the MSAM-7.

59%

78%Erections
(Reduced/None)

EjD
(Reduced or no

Ejaculation)

Fig. 6.2 ED and EjD are highly bothersome to the men in
the MSAM-7 survey.
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Several chronic medical diseases impact nega-
tively on male erectile function, again highlighting
the need to ask about ED in men with these condi-
tions. Newer areas of study include associations be-
tween ED and obesity, as well as ED, as the metabolic
syndrome (Figure 6.3) [19]. Thus, those men with
the metabolic syndrome may deserve an evaluation
for male ED. The ATP-III guideline suggests a work-
ing definition of the metabolic syndrome that in-
cludes the presence of at least three of the following
characteristics: abdominal obesity, elevated triglyc-
erides, reduced levels of high density lipoprotein
(HDL) cholesterol, high blood pressure, and high
fasting glucose. In particular, the cut off values are
the following: waist circumference greater than 102
cm in men and greater than 88cm in women; triglyc-
erides >150mg/L (1.69mmol/L); HDL cholesterol
less than 40mg/L (1.04mmol/L) in men and less
than 50mg/L (1.29mmol/L) in women; blood pres-
sure greater than 130/85mmHg; fasting glucose
greater than 110mg/L (6.1mmol/L) [20].

Partner evaluation
The partners of men with ED are affected, to a lesser
or greater degree by the ED, as is the male. As alluded
to by Dr Wagner and colleagues [21], quality of life
(QoL) has become one of the important parameters
in the evaluation of treatment and assessment of
medical conditions, and it may be an important tool
in determining the urgency of the need for therapeu-
tic intervention for ED. It is important to evaluate the
QoL of the couple, because men and women alike
will suffer as a result of male erectile disability.

Involvement of the partner in the diagnosis and
treatment of ED has been shown to better delineate
the nature of the female sexual dysfunction as well as
the extent of the couples’ problem. Partner involve-
ment may enhance the outcome [22]. These authors
used the Index of Sexual Life (ISL) questionnaire,
specifically designed to measure the impact of ED on
female partners’ sexuality. They demonstrated that
ED has a negative impact on the sexual life of female
partners, specifically on their sexual satisfaction and
sexual drive. Further analyses showed lower sexual
satisfaction and sex drive for women reporting a dis-
turbance or change in their own sex lives, than for
women who did not. Older women had lower scores

Table 6.7 Obstacles for clinician evaluation of ED.

Misconceptions
Low prevalence
ED primarily managed by urologists
Perceived time constraints
Only a quality-of-life issue
High CV risk with sexual activity

Reimbursement issues
Unfamiliarity with topic can cause embarrassment

CV, cardiovascular. 

the problem list. Several of these misconceptions are
listed below (Table 6.7). Thus, a major barrier toward
the accurate treatment and diagnosis of ED is to raise
the level of awareness of this significant medical
problem.

Medical Aspects of the ED
Evaluation

The epidemiology of male ED, which is discussed in
another chapter, provides guidance to the clinician
faced with the ED patient. In as much as many men
with ED will have a variety of medical problems, the
astute clinician should recognize that ED is a signifi-
cant part of these medical diseases. Indeed, recent
epidemiologic data provides guidance to the clini-
cian regarding the prevalence of ED in men with four
medical diseases [16]. These diseases are hyperten-
sion, hyperlipidemia, diabetes and depression. Thus,
it is incumbent upon the physician to delineate the
extent of these four diseases in men with ED. As can
be seen in the table, these four diseases were clearly
noted to be present in men identified with ED in a
large, managed-care database (Table 6.8).

In this study of a managed-care database, 272 325
men with a diagnostic code for ED were identified. 
Four specific diseases were then cross-referenced,
including diabetes, depression, hypertension and
hyperlipidemia. Thus, the man with hypertension or
diabetes has a significant chance of having ED. Clini-
cians who treat these patients on a daily basis should
ask about ED as a routine part of the medical history.
Other studies provide guidance regarding this issue
as well, as is readily discerned from Table 6.9.
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compared to younger women, independent of
whether their partner had ED or not.

As discussed by Dunn [23], the new modes of
pharmacologic therapy give health care practition-
ers an unprecedented opportunity to treat patients
with erectile dysfunction. Yet even with a portfolio
of effective treatment modalities, such as phospho-
diesterase type 5 (PDE-5) inhibitors, nonpharma-
cologic interventions should be considered as a
means to support and augment the effects of these
agents. Of equal value and necessity is the in-
volvement of the man’s partner in both the assess-
ment and treatment processes. Because men see
the primary care physician’s office as a natural 
and expected place in which to address issues of
sexual health, those healthcare professionals who
are prepared to initiate discussion of ED can offer
patients and their partners the possibility of effec-
tive and enduring treatment success, and the
restoration of a satisfying relationship.

Summary
The patient (and partner) histories are the key to-
ward the successful diagnosis of male ED. ED is
highly prevalent in men with a variety of medical
diseases, including depression, and is often con-
fused with ejaculatory disorders. The clinician
should have a high index of suspicion when eval-
uating men with these medical diseases for ED. The
clinician must also be aware of the psychologic as-
pects of male ED, with a referral to a sex or mari-
tal therapist indicated as necessary. Finally, there is
an evolving paradigm that ED may be a predictor/

Crude population prevalence rates (%) Disease

41.6 Hypertension
42.4 Hyperlipidemia
20.2 Diabetes mellitus
11.1 Depression
29.3 Hypertension and hyperlipidemia
12.8 Hypertension and diabetes mellitus
11.5 Hyperlipidemia and depression

n = 272 325. Only 32% (87 163) had no comorbid diagnosis of hypertension, hy-
perlipidemia, diabetes mellitus or depression. From Seftel, Sun, Swindle. J Urol
2004;171: 2341–5.

Table 6.8 Prevalence of medical
diseases in men with a diagnosis of ED.
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Table 6.9 Medical diseases as a risk factor for ED.

Chronic disease ED risk multiplied*

Diabetes 4.1
Prostate disease 2.9
Peripheral vascular disease 2.6
Cardiac problems 1.8
Hyperlipidemia 1.7
Hypertension 1.6

* Age-adjusted odds ratio.

Fig. 6.3 Distribution of ED (IIEF score <21) among patients
by the presence of 3 (n = 62), 4 (n = 25), and 5 (n = 13) com-
ponents of the metabolic syndrome. The differences be-
tween bars are significant (P < 0.05)
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marker of cardiovascular disease. This topic is cov-
ered elsewhere in this textbook.

Laboratory Tests

Most experts believe that certain laboratory tests 
are obligatory before treating ED. In as much as the
epidemiology suggests that men with ED may have
diabetes or dyslipidemia, laboratory testing should
follow that path.

Routine laboratory tests
These should include a blood sugar and a fasting lipid
profile in all men with ED without a diagnosis of dia-
betes mellitus or dyslipidemia, respectively. A PSA
should be determined in the case of abnormal find-
ings during palpation of the prostate, or as per the
physicians’ PSA screening protocol. A urinalysis is
also helpful to look for glucose, ketones and protein-
uria, as well as blood and white blood cells.

Blood pressure, weight and waist circumference
should be measured as a part of the ED evaluation, as
ED has been linked to the metabolic syndrome.

Free testosterone, testosterone, prolactin and
dehydroepiandrosterone sulfate (DHEAS) are the
specific hormones that may be part of the ED evalua-
tion. These hormones have been associated with
sexual desire. Luteinizing hormone (LH), follicle-
stimulating hormone (FSH) and sex hormone-
binding globulin (SHBG) are determined for further
differential diagnosis in the case of low testosterone
values, to ascertain primary or secondary hypo-
gonadism. Estradiol, growth hormone or, better,
insulin-like growth factor 1 (IGF-1) and thyroid
parameters are determined in individual cases to
diagnose further hormonal deficits.

It is recognized that serum testosterone levels de-
crease below the eugonadal range in some men with
advancing age. Restoration of testosterone levels to
the eugonadal range (300–1000ng/dL) appear to
correct many of the clinical abnormalities (impaired
sexual function, negative changes in body composi-
tion, etc.) commonly associated with hypogonadism
[24]. With respect to hypogonadal males, a number
of studies have demonstrated that testosterone re-
placement therapy can significantly affect a number
of the fundamental indicators of apposite sexual

functioning, including intensity of libido, frequency
of nocturnal erections, and frequency of sexual ac-
tivity [25,26]. Furthermore, additional research in
which an acute hypogonadal state was induced (in
experimental animals and eugonadal males), not
only confirmed the importance of physiologic levels
of testosterone in maintaining normal sexual behav-
ior, but also highlighted the dose–response relation-
ships between testosterone levels and the various
androgen-dependent processes, including sexual
function.

Other data suggests that hypogonadism may affect
the ability of the erectogenic agents to fully restore
erectile function. Shabisgh et al. [27] have shown
that the addition of testosterone to hypogonadal
men with testosterone deficiency, who additionally
have had a suboptimal response to PDE-5 inhibitors,
was highly beneficial. Thus, a total and or free morn-
ing serum testosterone level may be indicated as a
blood test for men with ED.

Confirmatory testing for a more comprehensive
understanding of the etiology of the ED is option-
al, but should be available to the patient when
appropriate. Such testing may include nocturnal
penile tumescence (NPT) testing, penile duplex
ultrasonography with color Doppler, cavernosom-
etry, cavernosography, neurophysiologic testing,
office intracavernosal injection of a vasoactive
agent, such as prostaglandin E1 (PGE1). All or some
of these tests should be available to the patient as
directed by the physician. Controversy exists as to
the usefulness, relative value, and the indications
for these tests. In general, the tests are relegated to
the domain of the urologist, who will offer a vari-
ety of tests as per specific patient indications.

Invasive Testing

Intracavernous injection test combined
with Doppler/duplex ultrasound
This specific diagnostic test in the hands of the urolo-
gist (or perhaps radiologist) should be thought of as
an optional part of the evaluation. It is the optimal
method of reliably diagnosing relevant disturbed ar-
terial blood supply to the penis, and of obtaining an
approximate idea of the relaxation capacity and thus
cavernous function in practice. In addition, the 
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drug-induced erection reveals possible cavernous
deformations in Peyronie’s disease such as cav-
ernous notches, or deviations that could themselves
impair sexual intercourse [28,29]. These anatomic
changes of the corpus cavernosum or tunica albug-
inea, could be relevant in certain cases. Many
clinicians find the expense of the Doppler/ duplex
ultrasound cost prohibitive, and thus move to less
costly devices. The Knoll/MIDUS Ultrasound System
serves to evaluate the penile blood flow after injec-
tion of a vasoactive agent such as PGE1 [30]. While
the type of ultrasound used may be left to the discre-
tion of the clinician, it is clear that the ultrasound
combined with the injection of a vasoactive agent
provides a clear evaluation of the cavernosal arterial
supply to the penis.

Vasoactive substances used in the
intracavernous injection test
In practice, PGE1 (alprostadil) is the substance of
choice for diagnostic purposes. It is available world-
wide in 10 or 20µg ampoules under the names 
of Caverject® (manufactured by Pharmacia) or
Viridal®/Edex® (manufactured by Schwarz
Pharma). The crucial advantage of PGE1 is that it
causes priapism requiring treatment in only appro-
ximately 0.5–1% of cases, as compared to other,
older substances such as papaverine or papaverine/
phentolamine, which cause priapism requiring
treatment in up to 10% of cases in the diagnostic
titration phase [31].

A PGE1 dosing regimen for diagnostic tests de-
pends on patient history and underlying diseases.
The following dosing schedule has proven useful
[33]:
• Neurologic underlying disease (multiple sclerosis

(MS), spinal cord injury, pelvic surgery) — 5µg
PGE1

• Standard dose with normal history — 10µg PGE1

• Severe organic underlying disease (e.g. diabetes)
— 20µg PGE1

Goldstein et al. have proposed the concept of re-
dosing, whereupon an additional dose of PGE1 is
given during the Doppler ultrasound in an attempt to
induce greater vasodilation and cavernosal smooth
muscle relaxation. Further, Goldstein et al., as well as
others, have proposed a variety of drug combina-

tions for use during the diagnostic Doppler ultra-
sound, as well as in clinical practice [32].

A combination of papaverine/phentolamine or
papaverine/phentolamine/PGE1 continues to be
used by some colleagues as an alternative to PGE1

alone [33]. As is the case for PGE1, the dose used for
diagnostic tests depends on the patient’s history and
underlying diseases, and should be adjusted accord-
ingly. As already mentioned, the main risk of the
papaverine/phentolamine combination is that it
induces priapism that requires intervention in up to
10% of cases [31].

After the injection site has been cleansed with an
alcohol swab, a 27–30g needle is used to inject the
vasoactive substance into the corpora cavernosa as a
bolus from one side. Doppler or duplex ultrasound is
performed when marked tumescence has occurred.
The patient then has to remain in the waiting room
for one hour, the extent of erection being checked
after 10, 20, 30 and 60 min. It is prudent to monitor
blood pressure during this procedure. Normal values
for the post-injection cavernosal arterial flow, range
from 25–35cm/sec, while the normal value for end
diastolic flow ranges from 0–8cm/sec [34,35].

Office PGE1 test
Clinicians inject PGE1 in the office setting in an
attempt to identify vascular disease of the penis,
without the aid of an ultrasound device [36].
Sometimes the opinion is supported that a positive
PGE1 test (20–40µg) excludes a vascular cause of
ED, and that it could dispense with the need for
Doppler/duplex ultrasound of the penile arteries.
This does not correspond at all to the personal ex-
periences, which showed that many patients with
a positive injection test had severely arteriogenic
ED in duplex ultrasound. A positive intracavernous
injection test only demonstrates the integrity of the
veno-occlusive mechanism, i.e. it excludes a so-
called venous leak.

Visual Sexual Stimulation (VSS)

Visual sexual or erotic stimulation is an investigation
method that has been used for many years in the
diagnosis of ED. It is usually combined with intracav-
ernous injection of vaso-active substances, say
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during Doppler/duplex ultrasound, to achieve a
maximum erection response and thus to be able to
draw conclusions on the maximum relaxation
ability of the corpora cavernosa. VSS facilitates
relaxation of the cavernosal tissue and overcomes
potential psychogenic barriers toward the creation of
an erection during vascular testing [37].

Cavernosometry and
Cavernosography

Prior to 1998, cavernosometry and cavernosography
[38,39] were widely used for the diagnosis of male
erectile dysfunction. However, with the launch of a
new oral drug treatment—sildenafil (Viagra®), [40],
the need to diagnose cavernous insufficiency has
changed greatly. What was the reason for 
this? Quite simply stated, the treatment of ED was 
no longer a function of any testing. Rather, the
introduction of the oral phosphodiesterase type 5
inhibitors (PDE-5i) changed the diagnostic and
treatment paradigm. Invasive diagnostic testing was
no longer required for the introduction of treatment
of ED. Essentially, if a man complained of ED, then
he was offered a PDE-5i for his ED. The distinction
between organic and psychogenic ED became
blurred and the etiology of the ED, be it arteriogenic,
neurogenic or venogenic was no longer a prerequi-
site for treatment.

Historically, animal experiments and clinical ob-
servations in humans have demonstrated that a
chronic, disturbed arterial blood supply to the cav-
ernous tissue with subsequent hypoxemic/ischemic
conditions, impaired the veno-occlusive mechanism
in the long term and resulted in the symptoms of
cavernous insufficiency [41,42]. The severity of
arteriosclerosis correlated with the severity of the
veno-occlusive dysfunction. These observations led
to the implementation of cavernosography and
cavernosometry.

Cavernosometry
The technique, involving use of a 27–30g needle, 
is used to inject varying µg (microgram) doses of
PGE1 (Caverject®), or a triple drug mixture, ap-
proximately 5–15min before the actual investiga-
tion. The penile shaft is then draped with a sterile,

perforated drape. Patients who are sensitive to pain
receive 1–2cm3 of a 1% local anesthetic containing
lidocaine, which is infiltrated prior to insertion of
the 19g butterfly needle. The butterfly needles
should be applied vertically to the penis axis to
avoid needle dislocation during erection and sub-
sequent edema. The cavernosography pump is then
used to infuse pre-heated physiologic saline in
20–40mL/min steps until an erection considered
firm enough for intercourse is achieved. The infu-
sion is then stopped at a cavernous pressure of 150
mm Hg, and the fall in pressure within 30–60 sec
is measured. The infusion is then restarted. When
an erection considered firm enough for intercourse
is achieved again (i.c. pressure > 90–100mmHg),
the maintenance flow that is necessary to maintain
a stable erection is measured.

Cavernsography
Non-ionic contrast agent is then added via a three-
way stopcock, and after 50–100mL of contrast agent,
X-ray is performed in four different planes. This in-
cludes two anterior/posterior projections with the
penis bent upwards and downwards, as well as two
lateral/oblique projections using the urethrogram
technique. Infusion is then stopped and 300–500 µg
of phenylephrine is injected intracavernosally to
achieve detumescence. The butterfly cannula are re-
moved after detumescence has occurred and the
puncture sites are compressed with a sterile swab for
2–3min. An elastic compression dressing is applied
at the end of the investigation for 1–2h.

Gravity cavernosometry, first described by Puech
Leao in 1990 [43] is a simplified method of caver-
nosometry/cavernosography. A pump is not re-
quired for this method. Cavernous pressure is
continuously measured using a manometer via one
butterfly needle, and saline at body temperature 
is infused via the other butterfly needle. The in-
fusion solution is placed at a gravity pressure of 
112mmHg. Following injection of the vasoactive
substance, intracavernous pressure is measured
continuously until a plateau has been achieved
(equilibrium pressure). The infusion tube is then
completely opened and the maximum cavernous
pressure is measured using a manometer. However,
gravity cavernosometry could never establish 
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itself against pump cavernosometry as a routine
method.

Penile Angiography

Until the mid 1980s, penile angiography was
regarded as the gold standard in the diagnosis of
arteriogenic impotence. This technique was mainly
developed at the end of the 1970s by Ginestié and
Romieu, whose standard work on this topic remains
valid today [44]. As a result of standardization of
vascular diagnostic in erectile dysfunction, using
non-invasive Doppler and duplex ultrasound, penile
angiography is no longer a standard diagnostic test
(45). The only remaining indications for penile
angiography is in younger men under 50 years of age
in whom an isolated vascular occlusion with the
absence of further risk factors makes the option of
penile revascularization appear logical. Penile an-
giography is used for arterial embolization in cases of
high-flow priapism [46].

Bulbocavernous Reflex Latency
Times (BCR) and Somatosensory
Evoked Potentials (SSEP)

This method is used to prove the integrity of somatic
penile innervation, which is transmitted via the
pudendal nerve and its motor terminal branches to
the pelvic floor muscles or their sensory branch—the
dorsal nerve of penis. Measuring the reflex latency
times of the BCR checks the peripheral reflex arch
(S2–S4), and measuring central latency times (SSEP)
checks central (spinal) nerve transmission.

A ring electrode on the distal shaft of the penis is
used to apply rectangular impulses lasting 0.2 msec
via a constant current stimulator, and the reflex
latency time is measured via the needle electrodes
placed in the bulbocavernous muscles. Stimulus
thresholds are chosen which permit constant reflex
responses. These are generally six to eight times the
sensory stimulus threshold, which varies individual-
ly between 7 and 12mA. The interval between the
stimuli is 40–60sec, 10 consecutive responses being
recorded.

The pudendal, somatosensory-evoked potentials
and their latency times are also recorded via two

electrodes located on the scalp at reference points 
CZ-2 and FpZ [47].

The latency times of the pudendal, somatosensory
evoked potentials depend on how tall the individual
is. The latency time until the first positive amplitude
P1 of SSEP is calculated according to the following
formula [48].

P1 latency (SSEP) = 5.41 + 0.207 ×
height of individual

If the latency times of the BCR of the two control
groups listed in Table 6.3 are compared to the results
cited in the literature, mean BCR latency times 
> 40 — 42 msec must be generally considered as
pathologic [48].

Based on the normal values mentioned for BCR
latency times and SSEP, Porst [49] showed that 65
(50%) of 130 patients with ED had pathologic BCR
findings. Of 116 patients with ED, in whom SSEP
was also measured, 31% (36) had pathologic find-
ings. In total, 76 (66%) of 130 patients with ED
showed abnormalities in neurophysiologic investi-
gations [49]. In the group investigated by Bemel-
mans, 58 (47%) of 123 impotent patients had
pathologic findings in the various neurophysiologic
investigations [48].

Nocturnal Penile Tumescence (NPT)
Testing

This method is useful for select individuals. NPT
testing takes advantage of the fact that men with
normal erectile function have 4–6 episodes of in-
voluntary, nocturnal erections lasting 20–50 min-
utes during a 6–8 hour sleep cycle. These erections
occur mostly during REM (rapid eye movement)
sleep. NPT testing in the diagnosis of ED has been
described and is known worldwide [50]. NPT is 
best used to distinguish between organic and
psychogenic ED.

Other simple and inexpensive methods such as 
the stamp test [51], the snap gauge band [52], and
the erectiometer [53], were developed originally to
record nocturnal erections. The common drawback
of all these methods was that they could only record
one nocturnal event. Thus no information could be
obtained on the duration and frequency of nocturnal
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erections, and the degree of erection could not be
sufficiently quantified.

The introduction of a computerized system called
Rigiscan® made it possible to measure both tumes-
cence and rigidity during an 8-h sleep cycle.
Interpretation of Rigiscan® results has been simpli-
fied by new, more extensive software (Rigiscan®-
plus), which includes four new parameters. In the
Rigiscan®, which is the most commonly-used device
to measure NPT worldwide, two loops at the penile
base and tip (coronary sulcus) are contracted every
20 sec to constantly record and store circumference
and rigidity changes, i.e. the erection status. A
personal computer can then be used to print out the
data [54].

Corpus Cavernosum
Electromyography (CCEMG)

This procedure is used in the measurement of the
reflex latency time of the BCR and pudendal,
somatosensory-evoked potentials. This method 
has a considerable shortcoming in that it only checks
the integrity of the somatic penile nervous system
and does not allow any statement in terms of auto-
nomic penile innervation, the system that is mainly
responsible for the induction of erection (parasym-
pathetic nervous system) and detumescence (sym-
pathetic nervous system).

The greatest obstacle to evaluation of autonomic
penile innervation, and in particular of the parasym-
pathetic nervous system, is the fact that the cav-
ernous muscle is the target organ of autonomic
innervation of the penis, and that this is smooth
muscle. No standard clinical procedure has been
established to date to measure the electrical activity
of smooth muscle, unlike the case for striated mus-
cle, which has been measured by a standard proce-
dure for decades.

More than ten years ago, the research efforts of
Wagner and Gerstenberg led to the first published
results for measuring the electrical activity of the
cavernous muscle [55]. The Hanover team led by
Stief et al. took up this method and refined it under
the term “single potential analysis of cavernous
electrical activity” (SPACE). In their first publica-
tion on this topic, they came to the conclusion that

SPACE could be useful in the diagnosis of auto-
nomic neuropathy of the cavernous and/or my-
opathy of the cavernous muscles [56]. Based on the
results obtained in 214 patients with ED, and 39
normally-potent patients, they observed that 52%
of all impotent patients had pathologic results in
SPACE. Further refinement of this method showed
that surface electrodes as well as conventional con-
centric needle electrodes could be used to measure
the electrical activity of the cavernous nerves.

With respect to the present status of CCEMG, it
may be concluded that this method can detect abnor-
malities in cavernous muscle to a certain extent, al-
though these pathologic alterations can be attributed
to both damage to autonomic penile innervation and
to degenerative processes of the cavernous smooth
muscle. There are indications that CCEMG ampli-
tudes correlate with the density of the cavernous
smooth muscle. To date, there are no generally ac-
cepted standard criteria that would enable exact dif-
ferentiation between normal and pathologic, and
etiologic classification of the various ED forms is not
possible. Thus, despite the fact that CCEMG has been
around for 10–20 years, it is still considered experi-
mental. It is far from becoming a routine procedure
in the evaluation of ED etiology, especially in terms
of autonomic neuropathy.

Sympathetic Skin Response (SSR)

Measurement of heart beat variation and the sympa-
thetic skin response are generally accepted and now
standardized investigation methods to demonstrate
involvement of the autonomic nervous system, e.g.
in diabetes, although the SSR method evaluates the
sympathetic nervous system. SSR is infrequently
used in the diagnostic evaluation of male ED, or in
planning treatment for male ED.

The method makes use of a somatic afferent/
sympathetic reflex, via which the activation of
sweat gland secretion in certain skin domains is
transmitted, which in turn is accompanied by a
change in electrical potential. The method can in
principle be used on different skin domains, al-
though the palms and the soles are the most com-
mon domains.

Various authors have described SSR measurement
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on the penis [57]. Penile sympathetic skin responses
could be provoked in 85% of normal individuals
with latency times of 1100–1600msec [58]. Daf-
fertshofer et al. showed that the SSR can be the only
neurophysiologic test with a pathologic result in
some patients, although other neurophysiologic
tests were normal [57].

Summary

While many tests are available for the diagnosis of
male ED, the history, physical and partner discus-
sions have surmounted the minimally invasive or
more rigorous testing schema used for the evalua-
tion of male ED in the 1980s and early 1990s. This
evolution was predicated on the introduction of
oral therapies for male ED (PDE-5i), which sup-
planted and obviated the need for these tests.
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Appendix A The abridged 5-item version (ED intensity scale) of the International Index of Erectile Dysfunction (IIEF-5).

Over the past six months:
1. How do you rate your Very low Low Moderate High Very high
confidence that you
could get and keep an
erection?

1 2 3 4 5

2. When you had erections Almost A few times Sometimes Most times Almost
with sexual stimulation, never/never (much less (about half (much more always/always
how often were your than half the the time) than half
erections hard enough time) the time)
for penetration?

1 2 3 4 5

3. During sexual intercourse, Almost A few times Sometimes Most times Almost
how often were you able never/never (much less (about half (much more always/always
to maintain your erection than half the the time) than half
after you had penetrated time) the time)
(entered) your partner?

1 2 3 4 5

4. During sexual intercourse, Extremely Very difficult Difficult Slightly Not difficult
how difficult was it to difficult difficult
maintain your erection to
completion of intercourse?

1 2 3 4 5

5. When you attempted Almost A few times Sometimes Most times Almost
sexual intercourse, never/never (much less (about half (much more always/always
how often was it than half the the time) than half
satisfactory for you? time) the time)

1 2 3 4 5

The IIEF-5 score is the sum of the ordinal responses to the five items. Thus, the score can range from 5 to 25. Severity catego-
rization of ED: Score 5–10, severe ED; Score 11–15, moderate ED; Score 16–20, mild ED; Score 21–25, normal (no ED).
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Introduction

Up until a few years ago, pharmacologic treatment 
of erectile dysfunction (ED) was limited to a few sub-
stances, most of which had to be injected directly
into the corpora cavernosa. The oral substances
available to treat ED included drugs containing
yohimbine, and in some special cases the serotonin
re-uptake inhibitor trazodone, officially approved
for the indication of depression, and occasionally ad-
ministered in an off-label use for ED. There was also
a plethora of aphrodisiacs or sexual tonics available,
which usually contained a mixture of various sub-
stances, such as testis sicca, testosterone, yohimbine,
ginseng, caffeine, barbituric acid, saw palmetto,
cayenne fruit, and many others, in one preparation.
Meanwhile many of these preparations disappeared
from the market; some, however, are still available,
in particular via the internet.

These include a range of drugs which contain
yohimbine, vitamins (in particular vitamin E and
vitamin B complex), dried extracts of muira-puama,
gingseng and other herbal and plant extracts, 
or bamethan sulfate and benzyl nicotinate, 
respectively.

Common to all these aphrodisiacs, offered mostly
by mail order sex companies or in sex shops, is the
fact that their efficacy was never proven in well-
designed placebo-controlled and double-blind clini-
cal trials, and that only the belief in them may con-
tribute to their promised efficacy, but not the usual
homeopathic doses of the various compounds con-
tained in these aphrodisiacs.

This chapter on pharmacologic treatment deals

with all those substances, which have been clinically
tested in a variety of ED studies and/or were finally
approved in the indication of ED, at least in some
countries of the world. In addition to drugs officially
approved by the health authorities, this chapter also
touches briefly on those medications/substances
with which clinical studies in the indication of ED
were conducted and reported in the literature, and
which may be available in some countries, although
not officially be approved for ED treatment.

Yohimbine

Yohimbine is the main alkaloid from the bark of the
tree called Coryanthe johimbe K. Schum (yohimbehe
tree), found particularly in central Africa. This tree
belongs to the Rubiaceae family. The alkaloid was
first isolated from the bark of the yohimbehe tree
(hence the name) by L. Spiegel in 1896. The bark of
this tree is still used today as the raw material for 
the various yohimbine preparations. Information 
on its use combined with papaverine in the treat-
ment of ED was published as early as in 1923 [1].
Until the launch of sildenafil and the other
phosphodiesterase-5 (PDE-5) inhibitors, yohimbine
was the most prescribed substance worldwide 
for the treatment of ED.

Pharmacologic profile
Yohimbine is in particular a central α2-adrenoceptor
blocker, its activity being 50–100 times higher on
presynaptic receptors than on postsynaptic ones [2].
A peripheral site of action is also presumed because
yohimbine acts on the α2-receptors of the penile
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arteries and on presynaptic α2-adrenoceptors, which
are localized on α1-adrenoceptors of sympathetic
nerve endings [3] (see also Fig. 3.7, p. 37). At these
presynaptic α2-adrenoceptors, α2-blockers inhibit
erection-suppressing impulses mediated by sympa-
thetic α1-adrenoceptors, which facilitates initiation
of erection. Yohimbine at higher doses is also re-
ported to act on cholinergic, vasoactive intestinal
peptidergic (VIPergic) and dopaminergic receptors
[2], and to exert antagonistic or inhibitory properties
on serotonin receptors, monoamino-oxidase and
the rapid sodium channels [4]. Based on these multi-
ple, partly complex pharmacologic properties,
yohimbine has three principal mechanisms of action
in the treatment of erectile dysfunction.

Central
Unlike α1-adrenoceptors, cerebral α2-adrenoceptors
mediate erection-inhibiting impulses. Thus yohim-
bine facilitates erection at a central level.

Peripheral
Yohimbine directly blocks α2-adrenoceptors, which
dominate in the penile arteries. Thus it counteracts
the vasoconstriction induced by norepinephrine/
epinephrine release, and in turn the reduction in
blood flow.

By presynaptically inhibiting α1-adrenoceptor ac-
tivity in the cavernous smooth muscle cells, yohim-
bine facilitates their relaxation.

Pharmacokinetics and dosage
Yohimbine hydrochloride is orally well absorbed and
has a plasma half-life of between 0.25 and 2.5h
[5,6]. However, the effects triggered by yohimbine,
which can be traced back to an increase in plasma
norepinephrine, may last for more than 13h [6].
Only about 1% of yohimbine appears in the urine,
indicating a predominantly hepatic clearance [6].
Doses described in the literature range from 5 to 15
mg three times a day, and may be a single daily
administration of up to 100mg (2,4,7,8). Doses of
5–15mg three times daily for 6–8 weeks are the most
commonly used regimen in the studies [2,8,9].

Efficacy
The efficacy and safety of yohimbine have been ana-

lyzed in numerous studies, some of which include 
a placebo-controlled, double blind, prospective 
design [2]. The efficacy rates range from no effect 
as compared to placebo, even at high doses, to 
efficacy rates of 71%, as compared to 40% for
placebo, in non-organic impotence [7,8,10]. A meta-
analysis of seven large yohimbine studies, which met
the strict quality criteria, showed a superiority of
yohimbine vs. placebo. Based on these data the au-
thors concluded that there is a rationale for the use 
of yohimbine in suitable ED patients [2]. The 
Clinical Guidelines Panel on Erectile Dysfunction 
of the American Urologic Association (AUA) came 
to the conclusion that the data currently available 
on yohimbine do not allow it to be recommended 
as standard treatment in ED, particularly not in 
organic etiologies; this statement of the AUA 
ED Guideline Panel was not changed in the 2005
update[11,12].

Apart from its use in ED, yohimbine has also been
reported effective in orgasmic disorders, i.e. delayed
ejaculation or orgasm [13].

Side effects and contraindications
The side effects commonly observed with yohimbine
can mostly be traced back to the partially increased
sympathetic activity: anxiety, nausea, restlessness,
agitation, sleeplessness tachycardia, palpitations,
rarely diarrhea, manic symptoms [4,7,9]. In 
addition, after yohimbine, either increases or more 
infrequently decreases in blood pressure were 
reported, which may become of clinical relevance if
hypertensive patients are taking this medication.

In 25 hypertensive patients who had not been
treated with drugs, Grossmann et al. demonstrated
that a mean increase in blood pressure of 5mmHg (p
< 0.01) occurred 1h after taking 20mg yohimbine,
and that plasma norepinephrine levels measured in
the cubital vein increased by an average of 66% (p <
0.001) [14]. Rate and severity of side effects is clearly
dose-dependent, i.e. the occurrence of side effects
particularly with higher doses (10–15mg three
times) leads to requests for the discontinuation of
treatment significantly more often. It should also be
noted that yohimbine may potentiate the effect of
tricyclic antidepressants and antagonize the effects
of clonidine treatment [4]. Severe cardiovascular
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diseases such as unstable angina or recent myocar-
dial infarction, difficult to treat hypertension, severe
psychiatric diseases, as well as severe hepatic impair-
ment, are considered to be contraindicated for yohi-
mbine use.

Conclusions and recommendations.
If yohimbine has any potential in ED then it is only in
patients with non-organic ED. In those patients
yohimbine may be used for a maximum of two
months, either on a regular regimen (3 × 10mg/day),
or on an as-needed regimen, taking 10–15mg, 
30–60min prior to sexual activities.

Apomorphine SL

The history of apomorphine dates back to 1869 when
its first synthesis from morphine was reported by
Mathiessen [15]. The dopaminergic activities of apo-
morphine were first published in the mid 1960s
when it was successfully administered in Parkinson’s
disease to suppress refractory motor oscillations [16].
Apomorphine was formerly used as an emetic in the
treatment of poisoning to prevent absorption of oral-
ly ingested poisons. The erection-inducing effect of
apomorphine in humans was first described by Lal 
et al. [17]. In 1995 Heaton et al. reported positive re-
sults for orally administered apomorphine in seven
out of 10 patients with psychogenic impotence [18].

Pharmacologic profile
Apomorphine is a central dopamine receptor agonist
with effects on D1 and D2 receptors (dominantly on
D2). Predominant sites of action are located in 
the paraventricular nucleus, stria terminalis, medial
preoptic area, and amygdaloid nucleus [19,20]. 
Apomorphine-induced erections are both testos-
terone and NO dependent [21,22], i.e. the erection-
triggering effects of apomorphine diminish or may
even be absent in the case of a clinically-relevant NO
or testosterone deficiency/withdrawal. Following
stimulation of the cerebral dopamine receptors the
apomorphine-induced erections are mainly trans-
mitted via parasympathetic oxytocinergic nerve
fibers, and lead to an increase of arterial blood sup-
ply in the penis [23] as well as in the clitoris and
vaginal wall [24]. In addition to its known cerebral

mechanisms of action, apomorphine also exerts 
pro-erectile properties at a spinal level [25].

Pharmacokinetics
As apomorphine has shown no efficacy via the gas-
trointestinal tract after oral intake (first-pass effect),
a sublingual preparation was developed, which is ab-
sorbed via the oral mucosa. The sublingual apomor-
phine tablet is rapidly absorbed, with measurable
plasma concentrations within 10min after applica-
tion and a Tmax of 40–60min [26]. The T1/2 ranged in
a dose-dependent manner between 2.7h ± 1.4SD for
the 2mg, and 4.2mg ± 2.9SD for the 4mg dose.

Efficacy
Although apomorphine SL has shown statistically
significant efficacy vs. placebo in the phase II/III
clinical program, the net benefit ratio (active effica-
cy minus placebo efficacy) with figures between
only 11 and 13%, were not convincing at all
[27,28]. This limited efficacy of apomorphine SL, es-
pecially in organic ED, was recently confirmed in
130 diabetic ED patients in whom apomorphine SL
3mg resulted in response rates of 22.9% vs. 17.3%
for placebo [29]. Meanwhile several prospective
studies between apomorphine SL and sildenafil
were reported in the literature, with all of them re-
sulting in a highly statistically significant superiority
of sildenafil, and preference rates of 94–95% in
favour of sildenafil [30–32]. Due to that over-
whelming superiority of PDE-5 inhibitors, apomor-
phine SL never reached noteworthy acceptance or
reasonable market shares in those countries where
it was approved; meanwhile the drug marketed as
Uprima® was withdrawn from nearly all markets in
Europe, except in the UK where it is still marketed as
3mg tablets.

Side effects
A summary of the side effects of the 3mg apomor-
phine SL dose, as reported in several phase three
trials shows the following outcome [33]: nausea
4.7%, headache 2.9%, dizziness 2.6%, yawning
1.9%, somnolence 1.5%, sweating 1.2%, vasodila-
tion 0.9%, vomiting 0.2%, hypotension 0.2%,
syncope 0.2%.

In apomorphine SL/alcohol interaction studies,
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ingestion of 0.6g/kg ethanol before administration
of 6mg apomorphine SL resulted in significant drop
of blood pressure in some patients [26]. Therefore
patients should be counselled to reduce alcohol
intake together when prescribed apomorphine SL.

Conclusions and recommendations
As previously mentioned, due to its inferior efficacy
apomorphine SL is withdrawn from most of the mar-
kets for which it was approved in 2001/2002. In
those countries where it is still available it should
only, if ever, be used in those patients with proven
non-organic ED.

Phosphodiesterase-5 Inhibitors:
Sildenafil (Viagra®), Tadalafil
(Cialis®) and Vardenafil (Levitra®) 

The physiological basis of erection (Fig. 7.1)
Pro-erectile impulses are generated in the parasym-
pathetic erection centers of the limbic system and
the hypothalamus, in particular in the paraventricu-
lar nucleus and the medial preoptic area, which are
the key regions for the central regulation of erection
[25]. Perception of sexual (erotic) stimuli, such as
visual, imaginary or tactile stimuli, activate a variety

of receptors processing the stimulatory signals,
which in turn are running via oxytocinergic/
dopaminergic neurons to the spinal parasympa-
thetic reflexogenic erection center, located at the
level S2–S4. Parasympathetic nerve fibers, the so-
called nervi erigentes, leave the reflexogenic erec-
tion center and build along with the sympathetic
nerve fibers originating from the superior hypogas-
tric plexus—the inferior hypogastric plexus—which
continues in the cavernous nerves. These cavernous
nerves contain both sympathetic and parasym-
pathetic fibers and perforate the pelvic floor
(urogenital diaphragma) to enter the cavernous
bodies at the level where the cavernous crura are
diverging.

Erection-initiating neurotransmitters are dopa-
mine (via D2-receptors) and melanocortins, for
which five melanocortin receptors (MCR) have been
identified, of which the MC-4-R seems of special im-
portance for erection. After entering the cavernous
bodies the parasympathetic nerve fibers principally
divide into two different nerve terminals: choliner-
gic (acetylcholine, ACH) nerve terminals ending at
the endothelial cells and stimulating nitric oxide
(NO)-synthase, which catalyzes the production of
NO from L-arginine and O2, and non-adrenergic,

Cerebral
sex centers

Erotic stimuli
(visual, tactile,

imaginary)

Stimulatory
neurotransmitters

Dopamine, NO, Oxytocin
NE (partly), Serotonin (partly)
α-MSH, Vasopresssin, ACTH

Parasympathetic
nerves

ACH

O2+L-Arginine

NANC
Nerve
NO VIP

+

+

++

eNOS NO+Citrulline

G-Protein

Guanylate cyclase Adenylate cyclase

+
+

GTP
5-GMP

ATP
3'5,-cGMP

Phosphodiesterase V-Inhibitors;
Sildenafil, Tadalafil, Vardenafil, others

3'5,-cAMP

–
Fig. 7.1 Physiology of erection and the
impact of PDE-5 inhibitors on erection.
Please see text above for an explanation
of this figure.
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non-cholinergic (NANC-peptidergic) nerve termi-
nals at the cavernous smooth muscle cells, from
which NO and VIP (vasoactive intestinal polypep-
tide) are released into the smooth muscle cell. There,
NO activates guanylate cyclase, which catalyses the
breakdown of guanosine triphosphate into 3′5′-
cyclic guanosine monophosphate (cGMP),the key
second messenger for erection.

The Phosphodiesterase (PDE) System
Currently the PDE system includes 11 families, 
with a total of more than 50 splice variants (iso-
forms) [34–40]. The distribution and density of 
PDEs varies among the different tissues. The PDEs
catalyze the breakdown of either cGMP or cyclic
adenosine monophosphate (cAMP), which are both
second messengers with specific physiologic func-
tions. By hydrolyzing the phosphodiesterase bond 
of cAMP or cGMP, these second messengers are
converted to the biologically-inactive monophos-
phates, resulting in termination of their physiologic
functions.

In addition to PDE-5, which is the most abundant
one in the corpus cavernosum, to date at least 13
other PDEs have been identified in the cavernous
bodies: PDE-1A, PDE-1B, PDE-1C, PDE-2A, PDE-
3A, PDE-4A, PDE-4B, PDE-4C, PDE-4D, PDE-7A,
PDE-8A, PDE-9A, PDE-10A [39,40].

Apart from their direct impact on cavernous func-
tion, PDE-4 and -5 inhibitors also inhibit prolifera-
tion and migration of smooth muscle cells [37].
PDE-3 and PDE-4 inhibition can reduce restenosis
after angioplasty procedures, individually, or by act-
ing synergistically, and are therefore under investi-
gation for their potential on angiogenesis [37].

General considerations for the three 
PDE-5 Inhibitors
For a better understanding of differences among,
and comparisons between the three PDE-5 in-
hibitors, some terms frequently used in publications
have to be explained.

IC50 is defined as the concentration of a PDE-5 in-
hibitor required to reduce the activity of PDE-5 by
50%. The IC50 values provide an overview of 
the clinical efficacy of a PDE-5 inhibitor. Generally
speaking the lower the IC50 values the more potent

and therefore more effective a compound is for this
enzyme.

Clinical efficacy
Regarding the clinical efficacy of a PDE-5 inhibitor
several tools are used in clinical trials.

Regarding the general assessment question
(GAQ): “Has the treatment you have been taking im-
proved your erections?” This efficacy tool does not
really tell whether the patient is able to attain an
erection sufficient for sexual intercourse or not. This
relatively weak efficacy measure is widely used,
especially by pharmaceutical companies, because
usually it yields the highest success rates.

International index of erectile function
(IIEF) [48]
The IIEF was originally developed to evaluate the
clinical efficacy of sildenafil (Viagra®) and became
the most accepted and used efficacy tool for drugs
assigned to treat ED world wide. It comprises 15
questions in five domains, addressing erectile and 
orgasmic function, sexual desire, sexual satisfaction
and overall satisfaction. Each question has six 
response options scoring between zero (worst) and
five (best result). For evaluation of the erectile effi-
cacy of a drug the IIEF erectile function (EF) domain, 
comprising questions 1–5 and 15, represents the
strongest efficacy tool, with a score >25 indicating a
normal erectile function.

Sexual encounter profile (SEP)
The sexual encounter profile relies on the recordings
of the patients in the patient diaries distributed to the
patients with the study medication and collected at
each study visit. The SEP comprises the following
five questions:
1 Were you able to achieve at least some erection

(some enlargement of the penis?)
2 Were you able to insert your penis into your part-

ner’s vagina?
3 Did your erection last long enough for you to have

successful intercourse?
4 Were you satisfied with the hardness of your

erection?
5 Were you satisfied overall with this sexual

experience?

SPS07  8/1/06  11:20 AM  Page 79



80 Chapter 7

SEP question 3 (ability to complete sexual inter-
course) turned out to be the most rigorous and 
most frequently-used efficacy measure in clinical ED
trials.

Selectivity
The selectivity of a drug such as a PDE-5 inhibitor
provides data on how selective a compound is with
regard to the enzyme in question (here PDE-5), on
which the efficacy is desired compared to other en-
zymes (PDE 1–4 and 6–11), and on which an efficacy
has to be regarded undesirable.

Therefore the selectivity of a PDE inhibitor is 
assessed by comparing its potency (IC50) to inhibit 
a PDE in question (here PDE 1–4 and 6–11), and 
its potency to inhibit the PDE desired (here 
PDE-5).

Selectivity Ratio: 

The selectivity ratio is used for all three PDE-5
inhibitors to show how selective they are for PDE-5,
as compared to anyone of the other ten PDEs. The
higher this selectivity ratio is for PDE-5 compared 
to the PDE investigated, the more specific the PDE-5
inhibitor can be considered. In the clinical use all
three PDE-5 inhibitors show, at the highest doses, a
sufficiently high safety margin to all the other PDEs,
except for sildenafil which shows only a 11-fold
higher selectivity ratio for PDE-5, and for vardenafil
which shows a 25-fold higher selectivity profile for
PDE-5 as compared to PDE-6—an enzyme exclu-
sively located in the retina that is responsible for our
color and brightness discrimination abilities. In
terms of PDE-11, an enzyme just recently isolated in
several tissues (Table 7.1), without knowing in detail
its physiologic function, the selectivity ratio of
tadalafil turned out to be only five-fold higher for
PDE-5.

Pharmacokinetic issues of the three 
PDE-5 inhibitors —onset and duration 
of clinical efficacy
The pharmacokinetic profile of a drug comprises all
the different steps between its entry into the body
and its elimination. In this regard of special interest is
the speed of absorption, which is best defined by 

IC  for a PDE in question

IC  for PDE-5
50

50

the Tmax (time needed to reach the maximum 
plasma concentrations—Cmax) and T1/2 (half-life),
defined as the time it takes for the fall of the plasma-
concentrations of a drug to half of its Cmax values. In
the clinical setting the Tmax corresponds quite well
with the speed of clinical efficacy (onset of erection)
and the T1/2 (half-life), with the period of clinical -ef-
ficacy.

As illustrated in Table 7.2, all three drugs show 
similar earliest onset of action times, with vardenafil
being a bit ahead. In this context it must taken into
consideration that both with sildenafil and varde-
nafil, the pharmacokinetic parameters Tmax, onset of
action and Cmax are clearly dependent on food in-
take; that means that after intake of a high fat (59%
fat) meal a delay in Tmax of 60min and a reduction 
in Cmax of 29% was observed with sildenafil [56];
similar data are valid for vardenafil [58,59]. On the
other hand, with tadalafil, no food interaction was
reported even with high fat meal [65].

Regarding the duration of efficacy, both with
tadalafil and vardenafil, large placebo-controlled,
double-blind trials were dedicated to figure out the
real window of responsiveness, which is not the case
for sildenafil [54,55,60]; although two studies with a
very limited and thus not representative number of
patients were able to show responsiveness of up to 
12 hours for sildenafil [62,63]. Tadalafil steady-state
plasma concentrations of 1.6-fold of the applied
single dose are attained within five days if given 
once daily. Less than 0.0005% of the administered
tadalafil dose appear in the semen.

Pharmacodynamics
The term pharmacodynamics covers all actions of 
a drug on the different body organs, and in turn 
on their functions (for example blood pressure, heart
rate, vision). The pharmacodynamic interactions 
of any drug are influenced by the number of recep-
tors available in the target organ and the affinity 
of the compound for the receptors in question. So 
for example it was just recently reported that varde-
nafil has, with 85%, a clearly higher proportion of
high-affinity components to the PDE-5 catalytic 
site than sildenafil (with 50%) and tadalafil (with 
60%) [61]. Given the fact that the high affinity com-
ponents of a PDE-5 inhibitor show a considerably
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Table 7.1 Current knowledge of the phosphodiestrase system and tissue distribution pattern [37,40,44,47].

Family Substrate Special Issues Tissue Distribution Pattern

PDE 1 cGMP > cAMP Ca++/Calmodulin-dependent Heart, brain, liver, kidney, skeletal muscle, 
vascular and visceral smooth musculature

PDE 2 cGMP = cAMP Stimulated by cGMP Brain, heart, adrenal cortex, kidney, liver,
skeletal muscle, olfactory neurons,
visceral smooth musculature, corpus
cavernosum

PDE 3 cAMP Inhibited by cGMP Heart, vascular and visceral smooth
musculature platelets, liver, kidney, fat,
corpus cavernosum

PDE 4 cAMP Lung and bronchus, brain, heart, liver,
kidney, skeletal muscle, vascular and 
visceral smooth musculature, lymphocytes,
mast cells, thyroid, testis,
corpus cavernosum

PDE-5 cGMP Corpus cavernosum, platelets, vascular and
visceral smooth musculature, urogenital
system (prostate, ureter, bladder)

PDE 6 cGMP > cAMP Retina (rod and cone cells)

PDE 7 cAMP >> cGMP Skeletal muscle, heart, brain, liver,
lymphocytes, pancreas, thyroid,
epididymis, tye

PDE 8 cAMP >> cGMP Testis, ovary, small intestine, colon, liver, eye

PDE 9 cGMP >> cAMP Small intestine, spleen, brain, kidney

PDE 10 cGMP > cAMP Brain (putamen, caudate nucleus), testis

PDE 11 cGMP > cAMP Testis, pituitary, heart, prostate, liver,
kidney, salivary glands, skeletal muscle,
corpus cavernosum

Table 7.2 Pharmacokinetics of the three PDE-5 inhibitors.

Onset of Action Duration of
(min) Efficacy

Drug Tmax earliest and >50% T1/2 (h) (% succesful Cmax

(Authors) (min) pt.response (h) coitus) ng/ml

Sildenafil 100mg 70 (30–120) 14 20 3.82 ± 0.84 4 (81%) 327 ± 236
[56,59]

Tadalafil 20mg 120 (30–720) 16 30 17.5 36 (59 and 62%) 378
[52–55,57,59]

Vardenafil 20mg 40 (15–180) 11 25 3.94 ± 1.31 8 ± 2 (69%) 20.9 ± 1.83
[51,58,60]

pt, patient.
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longer dissociation time, this explains why varde-
nafil showed in clinical use a clearly longer duration
of efficacy than could be inferred from its half-life
time [60].

Intrinsic and extrinsic factors, 
drug-interactions
In patients with renal and hepatic insufficiency
special dose adjustments have to be considered in

dependence of the severity of organ failure and the
applied PDE-5 inhibitor (see Table 7.3)

Bleeding time
Both with aspirin 150mg and warfarin, no increase 
in bleeding time was observed with the PDE-5 in-
hibitors. After heparin, sildenafil showed an additive
effect on bleeding time in rabbits, but this interaction
trial was not conducted in humans.

Table 7.3 Pharmacodynamic issues with the three PDE-5 inhibitors (Source: Last Us-Label as of July 2005).

Parameter/Condition Sildenafil Tadalafil Vardenafil

CYP 3A4 inhibitors1 Start dose 25mg Max.dose 10mg/72h Max.2.5mg/day

CYP 3A4 inhibitors2 Start dose 25mg Max.dose 10mg/72h Max.dose 2.5mg/72h
Max.dose 25mg/day

Age >65 years Start dose 25mg No dose adjustment Start dose 5mg

Severe renal failure Start dose 25mg Max.dose 5mg No dose adjustment
(Creatinine clearance
<30ml/min.)

Mild/mod.hepatic Start dose 25mg Max.dose 10mg Start dose 5mg
failure (Child Pugh A/B) Max.dose 10mg

Blood pressure drop 8.4/5.5mmHg 1.6/0.8mmHg 7/8mmHg
systolic/diastolic

α-blockers Interval of 4h Stable α-blocker Stable α-blocker
recommended therapy recommend. therapy recommend.

Start dose 5mg Start dose 10mg

Antihypertensives No interactions of No interactions of No interactions of
(all drug classes) clinical relevance clinical relevance clinical relevance

Alcohol intake (0.5– No additional No additional No additional
0.6g/Kg) hypotensive effect hypotensive effect hypotensive effect

Contraindications Nitrates and NO donors3 Nitrates and NO donors Nitrates and NO donors

Safe interval for Not defined 48 hours 24 hours
nitrate medication (presumably 24h)
in emergencies

1CYP 3A4 inhibitors: erythromycin, ketoconacole, itraconacole: up to 3–10 fold increases in the plasma concentrations of the
respective PDE-5 inhibitors. Cimetidine: 56% increase in sildenafil plasma concentrations; not valid for vardenafil; tadalafil
not reported.
2CYP 3A4 inhibitors: protease inhibitors ritonavir, indinavir, saquinavir: increase in plasma concentrations of the respective
PDE-5 inhibitors between 1.5-fold (tadalafil) and 16-fold (vardenafil). CYP 3A4 inducers: Rifampin: decrease of PDE-5
inhibitor plasma levels up to 88% (reported for tadalafil)
3Nitrates and NO donors: all short and long-acting nitrate-containing drugs, including recreational drugs such as “poppers”
as well as molsidomine and nitroprussid-natrium containing medications
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Cardiovascular risk patients
Those with left ventricular outflow obstruction (aor-
tic and subaortic stenosis), recent (<6 months) my-
ocardial infarction, and stroke or life threatening
arrhythmias, as well as hypotensive (RR < 90/50)
and hypertensive (RR > 170/110) patients, can be
particularly sensitive to the systemic actions of PDE-
5 inhibitors.

In conditions/drugs with a known risk of priapism,
such as sickle cell disease, leukemia and multiple
myeloma, PDE-5 inhibitors must be used with spe-
cial precautions.

α blockers
Sildenafil 25mg simultaneously applied with 
doxazosin 4mg resulted in symptomatic postural 
hypotension, which was also the case with 
tadalafil 20mg [56,57]. After tamsulosin 0.4mg, 
both tadalafil 20mg and vardenafil 5mg did not
exert any clinically relevant influence on blood
pressure, whereas vardenafil 5mg, if simultaneously
applied with terazosin 10mg, resulted in sympto-
matic hypotension, which could not be observed 
if both drugs were taken six hours apart [57,
58]. Tadalafil 20mg applied with alfuzosin 10mg 
did not result in clinically significant hemodynamic
interaction [66].

Nitrate-/NO donor interactions
All three PDE-5 inhibitors showed clinically relevant

interactions with nitrates in the sense of sympto-
matic blood pressure decays if given simultaneously
[56–58,68–69]. Therefore all three PDE-5 inhibitors
are contraindicated for patients with nitrate medica-
tions. The time interval considered to be safe be-
tween the administration of a PDE-5 inhibitor and a
nitrate medication is 24 hours for the short-acting
sildenafil and vardenafil, and 48 hours for tadalafil
[56–58,68].

Efficacy
The efficacy of the three PDE-5 inhibitors was inves-
tigated world wide in large-scale trials, both in mixed
ED populations as well as in subpopulations, like pa-
tients with diabetes, and after nerve-sparing radical
prostatectomy (Table 7.4). To interpret Table 7.4 cor-
rectly it has to be mentioned that SEP 2 and SEP 3
diary data were available in all the tadalafil and var-
denafil trials, whereas in the early sildenafil trials
SEP 2 and 3 were not available, the tool “successful
intercourse” was used instead.

All three PDE-5 inhibitors were remarkably suc-
cessful in a variety of ED subpopulations including
patients with diabetes, patients with neurologic 
disorders such as spinal cord injuries and multiple
sclerosis, patients after radical prostatectomy—
provided they have undergone a nerve sparing pro-
cedure, patients with hypertension or coronary
artery disease, as well as patients with renal insuffi-
ciency or after kidney transplant.

Table 7.4 Efficacy of the three PDE-5 inhibitors in various ED populations.

Sildenafil/Placebo Tadalafil/Placebo Vardenafil/Placebo

ED
(50/100mg) (10/20mg) (10/20mg)

Population GAQ(%) SEP/2/3(%) GAQ(%) SEP 2(%) SEP 3(%) GAQ(%) SEP 2(%) SEP 3(%)

Mixed 82/24 66/20 81/35 Not rep. 75/32 80/30 Not rep. 75/39
(n = 1600–1787) [56] (n = 1112) [70] (n = 601) [71]

85/28 81/52 67/33
(n = 804) [72]

Diabetes 56/10 48/12 64/25 57/30 48/20 72/13 64/36 54/23
(n = 268) [56,73] (n = 216) [74] (n = 452) [75]

BNSP RRP No controlled 62/23 54/32 41/19 65/13 48/22 37/10
multicenter studies (n = 303) [76] (n = 427) [77]

SPS07  8/1/06  11:20 AM  Page 83



84 Chapter 7

Having said that, it has to be stated that all three
PDE-5 inhibitors yielded very similar success rates,
with only minor differences in the efficacy end-
points (Table 7.4).

Long-term efficacy
Long-term studies (two years) were able to prove
that, in general there is no loss of efficacy among the
three PDE-5 inhibitors. In recent experimental re-
search studies no upregulation of PDE-5 in the penis
was observed with the long-acting PDE-5 inhibitor
tadalafil [78–81]. Apart from improvement in ED,
improvements in other sexual domains such as or-
gasmic function, overall satisfaction with the sexual
experience, and the quality of life [82] along with
improvement of depressive symptoms [83], and in-
creases in partner satisfaction with the sexual life
[84,85], were regularly reported with the use of
PDE-5 inhibitors.

First-dose-success
Large cohort studies were able to show that even
with the very first dose of a PDE-5 inhibitor, the over-
whelming majority of patients with 87% SEP 2 rates
(successful vaginal penetration) for vardenafil 10mg
[86], and with 79% SEP 2 rates for tadalfil 20mg
[88], could successfully be treated.

Safety
As shown in Table 7.5, the side effects observed 
with the use of PDE-5 inhibitors are principally 
the same, except for color and brightness visual 
disturbances, which almost exclusively occurred 
after sildenafil, and back/muscle pain being ob-

served in a small portion of patients after tadalafil. In
the overwhelming majority, these drug-related ad-
verse events were mild to moderate and resulted in
only 1–2% of early drop-outs in the clinical trials.

Cardiovascular safety
As shown in Table 7.6, in all trials the risk for my-
ocardial infarction and death per 100 patient-years
with PDE-5 inhibitors was not greater than with
placebo. In addition, several trials in patients with
coronary artery disease were able to confirm that
PDE-5 inhibitors do not have any detrimental effect
on the cardiovascular safety, which is also valid for
patients taking antihypertensives, regardless of the
number of antihypertensives currently adminis-
tered in the same patient [90–97]. Moreover, many
patients currently taking nitrates can be withdrawn
from this treatment without facing disadvantages,
and can then be successfully treated with a PDE-5
inhibitor [98].

Occular safety
Just recently reports in the mass media that PDE-5
inhibitors may induce blindness due to so-called
non-arteric anterior ischemic optic neuropathy
(NAION), made patients unsure about the safety of
these medications. Although at the moment the FDA
could not see the proof for a causal connection be-
tween the cases reported and the use of PDE-5 in-
hibitors, the PDE-5 manufacturers were requested to
include in their new label warnings about NAION.
Conditions with a higher likelihood for NAION are:
age > 50 years, heart disease, diabetes, hypertension,
high cholesterol, nicotine use, certain eye problems.

Sildenafil[88] Vardenafil[89] Tadalafi[70]
Side effect (n = 5.918) (n = 2.203) (n = 804)

Headache 14.6% 14.5% 14%
Flush 14.1% 11.1% 4%
Dyspepsia 6.2% 3.7% 10%
Rhinitis 2.6% 9.2% 5%
Back pain 0% 0% 6%
Visual disturbances 5.2% 0% 0%

Table 7.5 Drug-related adverse events
with the three PDE-5 inhibitors.
Integrated analysis of pooled data from
phase III trials.
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Overdose [56,57]
Sildenafil: doses of up to 800mg increased dose–
dependently the well-known drug-related adverse
events, without occurrence of new side effects cur-
rently not seen under therapeutic doses. Tadalafil:
single doses of up to 500mg and daily dosing of 
100mg for three weeks (in this study design patients
reached tadalafil plasma levels equivalent to 160mg
single dose), resulted in a dose-dependent increase
in drug-related adverse events already observed
under therapeutic doses, but no new unknown side
effects occurred.

Non-responders to PDE-5 inhibitors
Of course there are real non-responders to PDE-5 in-
hibitors. Real non-responders mostly have a severe
end-organ failure, which means that the cavernosal
tissue has lost a considerable portion of its functional
smooth musculature [99]. In the clinical setting
these PDE-5 inhibitor non-responders show severe
veno-occlusive dysfunction, with many of them also
non-responding to intracavernosal injection of va-
soactive drugs such as alprostadil or the trimix

combination. Quite frequently this veno-occlusive
dysfunction (syn: venous leak or cavernous insuffi-
ciency) is associated with severe impairment of the
penile arterial blood supply in the penile color
Doppler findings. But many so-called non-respon-
ders may be rescued by appropriate counseling, by
treatment of concomitant diseases or change in med-
ication use. The definition of a real non-responder is
justified if no success is seen under the following
conditions: use of at least four tablets with the high-
est dose of the respective PDE-5 inhibitor, at four
different occasions, under optimal conditions (ap-
propriate sexual stimulation, appropriate interval
between tablet intake and sexual activity, with silde-
nafil and vardenafil—fasting conditions for two
hours, and with tadalafil—keeping an interval of at
least two hours between intake and sexual activity)
(personal experience).

In the literature the following measures resulted
in convincing salvage rates from previously defined
PDE-5 non-responders:
1 Re-counseling of the patients/couples in the 
proper use of PDE-5 inhibitors, including especially

Table 7.6 Cardiovascular safety of PDE-5 inhibitors in clinical trials.

Tadalafil
Tadalafil[92] treated[92]
(controlled patients

Demographics Sildenafil[90] Vardenafil[91] trials) in all trials

Study drug Placebo Active Placebo Active Placebo Active Active

Number patients 3.627 5.148 793 1.812 2.118 5.228 10.480

Mean age (years) 54 54 57 57 55 55 Not reported

Hypertension 28% 26% 35% 26% 27% Not reported

Diabetes 26% 22% 30% 20% 20% Not reported

CAD 10% 11% 7% Not reported Not reported

Dyslipidemia 12% 13% 24% 16% 15% Not reported

MI/insult rate 0.84 0.80 0.4 0.05 0.41 0.26 0.33
per 100 patient-years

Cardiac death 0.19 0.23 0% Not reported 0.12
per 100 patient-years
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the use of the highest doses, with salvage rates of up
to 60% depending on the study population under 
investigation [100–103].
2 Optimal treatment of concomitant diseases, such
as optimal diabetes control (elevated gycosylated he-
moglobin can directly impair the relaxant capacity of
the cavernosal smooth musculature [104]) or hyper-
tension control. In addition, treatment of hypercho-
lesterolemia with statins such as atorvastatin were
able to improve erectile function per se, due to the
fact that statins decrease low density lipoprotein
(LDL) levels and subsequently the negative effect of
oxidized LDL on endothelial function [105].
3 Treatment of concomitant hypogonadism. As it is
proven that testosterone regulates the expression of
PDE-5 and the responsiveness to PDE-5 inhibitors in
the corpus cavernosum [106], and that androgens
per se improve the cavernous vasodilation [107], hy-
pogonadal men with ED show principally a poorer
responsiveness to PDE-5 inhibitors and also other
erectogenic drugs. In this regard many authors have
provided evidence that hypogonadal ED patients,
originally unresponsive to PDE-5 inhibitors, may 
be rescued by testosterone replacement therapy
[108–110].
4 “High dose” (overdosing) PDE-5 inhibitor therapy
i.e. doubling the maximum dose, resulted in a 24%
salvage rate of ED patients (n = 54) previously unre-
sponsive to 100mg sildenafil [111]. According to
personal experience, this concept may also apply 
for vardenafil and tadalafil in suitable patients—
especially in unresponsive diabetics.
5 Shifting patients to another PDE-5 inhibitor:
Shifting of real non-responders from sildenafil to
vardenafil resulted in a rescue success rate of 12%
[112]. According to personal experience with more
than 7000 patients on PDE-5 inhibitors, only a small
minority (5–8%) of real non-responders (vaginal
penetration not possible after four attempts with the
highest dose) to one PDE-5 may be rescued by an-
other one.
6 Daily dosing with PDE-5 inhibitors for several
months in patients, previously unresponsive, is able
to rescue more than 50% of failures [113,114]. Al-
though this was proven for sildenafil and tadalafil, it
can be assumed that this also holds true for all PDE-5

inhibitors, in particular in patients with severe or-
ganic ED.

Chronic daily dosing of PDE-5 inhibitors
Although all three PDE-5 inhibitors were developed
and approved for as-needed use, many experts in
this field moved to daily dosing, provided the pa-
tients could afford it. Daily dosing of PDE-5 in-
hibitors at bed time became a successful treatment
option in early sexual rehabilitation of patients after
nerve-sparing radical prostatectomy [116–118]. But
beyond this indication, daily dosing with PDE-5
inhibitors turned out to be very successful in non-
responders to on-demand treatment [113], sup-
ported by personal observations and also increased
nocturnal erection events in healthy men
[119–120]. According to personal experience with
more than 100 patients currently on daily dosing
with tadalafil 5–10mg, this concept is very promising
for organic ED patients with several cardiovascular
risk factors, and relieves the patients from schedul-
ing sexual activities. This is especially welcomed by
their partners. In addition, chronic dosing with PDE-
5 inhibitors, either short-acting (here sildenafil) or
long-acting (tadalafil), resulted in improvement of
endothelial dysfunction. This holds true not only for
the cavernous bodies, but also for the endothelium
in the whole vascular system [121–123]. In this re-
gard it may be speculated that daily dosing with PDE-
5 inhibitors may have long-term beneficial effects on
the whole vascular system, and perhaps also on void-
ing difficulties related with benign prostate hyper-
plasia, as PDE-5 is widely distributed within the
prostate [124].

Conclusions on PDE-5 inhibitors
As described in the extension to this chapter, all
three PDE-5 inhibitors are very effective and safe
and can be applied to nearly all ED patients, with the
exception of those under nitrate or NO donor med-
ications and those suffering from very severe eye
diseases (retinitis pigmentosa and NAION). In terms
of efficacy they are not really distinguishable, al-
though it might quite often happen in the daily rou-
tine use of these drugs that one PDE-5 inhibitor
produces better erections in an individual than the
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other one, or one PDE-5 inhibitor might be better
tolerated than the other. In this regard it seems to be
wise and reasonable to offer the patients the option
to try all three drugs in order to choose the optimal
one for long-term use. Daily dosing with PDE-5 in-
hibitors seems to be a very promising new option,
especially in difficult to treat patients—provided
they can afford it.

Other Oral Drugs Used but not
Approved for ED

Trazodone
Trazodone, approved for the treatment of depres-
sion, is a centrally-acting, selective serotonin re-
uptake inhibitor, which inhibits cerebral serotonin
turnover. Trazodone’s α-adrenoceptor blocking
properties are a further important function of tra-
zodone in relation to its erection-inducing effect.
Both Saenz de Tejada et al. and Azadzoi et al.
demonstrated that trazodone inhibits contraction 
of the cavernous smooth muscle, i.e. it facilitates 
relaxation. [125,126].

It is still unclear which of the two effects (serotonin
re-uptake inhibition or blocking of α-adrenoceptors)
is more important with respect to the erection-
inducing properties of trazodone. The success rates
of trazodone in placebo-controlled trials were up to
67% vs. 39% for placebo [127–129].

Side effects occur relatively often during tra-
zodone treatment and may be attributed to its
cerebral effects, via interference with serotonin
metabolism, and to its peripheral, anti-adrenergic
properties. The most common side effects described
so far are marked fatigue and sleepiness, headache,
dizziness, fall in blood pressure and nausea. Patients
find the marked fatigue and dizziness particularly
troublesome and they are the mostly the cause for
premature discontinuation rates in 20–30% of cases
(130, personal experience).

Conclusions
In the era of very successful PDE-5 inhibitors the
only indication for an attempt with trazodone ap-
pears to be the constellation of psychogenic ED and
concomitant depression. In this regard it has to be

mentioned that the literature contains reports of
more than 200 cases of priapism associated with tra-
zodone therapy.

Phentolamine (Vasomax®)
Phentolamine is a competitive, non-selective α1-
and α2-adrenoceptor antagonist, which blocks both
presynaptic and postsynaptic α-adrenoceptors. This
explains its general cardiovascular effects, such as
lowering of blood pressure. Its proerectile effects,
when injected directly into the cavernous bodies,
were described by several authors [131,132]. The
real breakthrough for phentolamine came when it
was successfully used along with papaverine for in-
tracavernous self-injection therapy, which is still in
place to date [133]. The same author [134] described
successes in 21 out of 69 cases (30%), with a new
buccally-administered preparation of phentolamine
(20mg).

Phentolamine mesylate in tablet form for oral 
administration was developed by Zonagen, and has
been tested for efficacy and safety between 1995 and
1997 in three large multicenter studies in Germany,
Mexico and the USA [135,136].

Oral phentolamine was temporarily approved in
some countries of South America in 40mg tablets,
but was withdrawn early from the market due both
to its very limited efficacy, and to the fact that the
FDA refused its approval in the US because it was said
to induce brownish discoloration of the fat tissue 
in rats.

L-arginine
L-arginine is the precursor of NO synthesis (Fig. 7.1).
Zorgniotti et al. conducted a placebo-controlled
study with 2800mg L-arginine per day in 20 impo-
tent men for two weeks. Of the 15 men who com-
pleted the study, six reported an improvement in the 
ability to achieve an erection, nine experienced no 
improvement [137].

In a placebo-controlled, crossover study on 21 pa-
tients with ED of different etiology, the efficacy of
500mg L-arginine applied three times daily, was
tested over a period of twice 17 days without show-
ing a superiority over the placebo [138].

A high-dose, prospective, randomized, double-
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blind and placebo-controlled study with 5g L-
arginine per day for six weeks was conducted in 50
patients (aged 55–75 years) with organic, complete
ED (unable to perform coitus), for at least six months
[139]. This study resulted in success rates (sexual in-
tercourse possible) of 31% in the L-arginine group,
compared to 12% in the placebo group. It was inter-
esting to note that significantly higher urine concen-
trations of the stable NO metabolites, NO2 and NO3,
were measured in the arginine responders than in
the non-responders, although the responders had
lower urine concentrations of NO3 prior to treat-
ment. Thus the question arises as to whether supra-
physiologic doses of L-arginine given over a long
period of time can lead to a permanent improvement
in cavernous function in some of the ED patients. No
side effects were observed, except a fall in blood pres-
sure of maximum 10% in some patients, which did
not result in clinical symptoms.

Gingko biloba extract
In a prospective, double-blind and placebo-
controlled study in 32 patients, the efficacy of gingko
biloba was evaluated over a period of 24 weeks
[140]. Gingko biloba did not result in a subjective, or
a statistically significant objective (NPT testing)—
improvement of erection.

Korean red ginseng
In a three arm, placebo-controlled study with 
trazodone, placebo or ginseng in 90 patients (30 
in each arm), global efficacy rates of 60% (p < 0.05)
were reported for ginseng and 30% for both placebo
and trazodone [140]. The erection-promoting effect
of ginseng is attributed to its saponin content, al-
though its exact mechanism of action is unclear.
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Self-Injection Therapy

The demonstration by Virag in 1982 that intracav-
ernous (IC) injection of papaverine produced a fully-
rigid erection in normal males, introduced a new
route of administration in the clinical management
of pharmacologic agents for the treatment of erectile
failure [1,2]. Intracavernous injection of a vasoac-
tive agent that readily produces erection has greatly
simplified the multidisciplinary diagnostic investiga-
tions and management of erectile dysfunction (ED).
Three groups of drugs are presently used for self-
injection therapy worldwide, or at least in some 
parts of the world. These include papaverine, α-
adrenoceptor blocking agents such as phentolamine
or moxisylyte, and prostaglandin E1 (PGE1). These
compounds have proven to be effective in all etiolo-
gies of erectile failure such as psychogenic, neuro-
genic or vasculogenic impotence.

Other agents that have been investigated for 
their suitability in self-injection therapy, but never
reached the stage of official approval or even off-label
use, comprise calcium channel blocking agents, va-
soactive intestinal polypeptide, ketanserin, hista-
mine, β-adrenergic agonists, nitric oxide donors
(linsidomine or sodium nitroprusside) etc. Generally
speaking, compounds that were able to relax the
smooth muscle cells of both the penile arteries and
the cavernous tissue, subsequently resulting in blood
engorgement of the cavernous sinusoidal spaces,
with activation of the veno-occlusive mechanism
through compression of the subtunical veins, may be

principally considered for self-injection therapy in
ED.

Up to 1998, self-injection therapy was the only ef-
fective pharmacologic treatment in ED and was con-
sidered a first-line option in this indication. But with
the launch of sildenafil (Viagra®) IC self-injection
therapy became generally a second-line option for
the majority of ED patients, with the exception of
those men in whom phosphodiesterase-5 (PDE-5)
inhibitors were contraindicated, or turned out to be
ineffective. In the following, the essential features of
those compounds are described, which are either ap-
proved and/or mostly used, even in off-label use, for
self-injection therapy.

Alprostadil (PGE1 —Caverject®, Edex®,
Viridal®)
The effect of PGE1 on the human corpus cavernosum
(CC) was first described in 1975 by Karim & Adaikan
[3]. Of more than 30 prostaglandins tested in vitro on
the human CC, PGE1 is the only compound that pro-
duced relaxation conducive for erection [4]. All
other prostaglandins produced either a dual effect
(contraction and relaxation) or contraction only.
The relaxant effect of PGE1 on the human CC has
been further demonstrated in vitro [5,6]. Initial
studies on the effectiveness and mechanism by
which IC administration of PGE1 produced erection
were very encouraging [7–10]. Several investigators
have assessed, in large groups of patients, the effec-
tiveness of PGE1 for the treatment of erectile failure
in man.

CHAPTER 8

Self-Injection, Trans-Urethral 
and Topical Therapy in 
Erectile Dysfunction
Hartmut Porst and Ganesan Adaikan
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PGE1-induced relaxation of CC muscle is mediated
through the activation of EP prostaglandin recep-
tors and subsequent activation of the membrane 
bound adenylate cyclase, resulting in an increase in
intracellular concentrations of cAMP in the cav-
ernous tissue [11]. Further consequences of the
PGE1-mediated relaxation of human CC are the acti-
vation of maxi K channels, resulting in hyperpolar-
ization and changes in transmembrane Ca2+ flux
[12]. These effects are complimented by the ability of
PGE1 to inhibit the release of noradrenaline from
sympathetic nerve endings and to suppress an-
giotensin II secretion in the cavernosal tissues
[13,14] (Fig. 8.1).

Intracavernous injection of PGE1 has definite ad-
vantages over the use of other drugs, such as the mix-
ture of papaverine/phentolamine. PGE1 is readily
metabolized in the body by 15-hydroxyprostaglandin
dehydrogenase, an enzyme that was identified in the
human CC ([6]. The enzymic degradation of PGE1

within the human CC probably contributes to the re-
markably low incidence of undesirable side effects,
such as prolonged erection and priapism.

PGE1 was also shown to suppress the collagen syn-

thesis by TGF-beta 1 in cultured human CC, suggest-
ing that PGE1 may play a key role in modulation/
prevention of collagen synthesis with subsequent fi-
brosis of the CC [17]. This suppressive effect corre-
lates well with the low incidence of local fibrotic
lesions reported in PGE1-injected primates and ED
patients [15,18,19] (Table 8.2) and the unaltered in-
tracavernous structures in patients with biopsies
performed after intracavernous PGE1 injection [20].

In the meta-analysis involving literature review
and personal experience in 4577 patients with erec-
tile failure, PGE1 showed a response rate of more
than 70% (Table 8.1) and compared to the mixture
of papaverine and phentolamine, a considerably
lower risk of priapism (0.35% versus 6%, respec-
tively) as well as of local fibrotic complications such
as penile nodules, indurations, or fibrosis during
long-term injection therapy [15]. Intra-penile pain
or tension following intracavernosal injection of
PGE1 is the other most frequently reported com-
plaint in 7.2% of patients (Table 8.2). Except for rare
cases of blood pressure decrease, no systemic side
effects were observed after intracavernous injection
of PGE1 [15].

Contraction Relaxation

S m o o t h   m u s c l e   c e l l
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Fig. 8.1 Physiologic actions of alprostadil (PGE1) on erectile function.
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Table 8.2 Side effects of vasoactive substances in intracavernous injection treatment. Literature review of evaluable
publications. From Porst [15].

Substance N No. Publications Priapism >6h Fibrosis Pain Elevated liver enzyme

Papaverine 1527 15 7.1% (92 out 5.7% (60 out 4% (18 out 1.6% (5 out
of 1300) of 1056) of 452) of 314)

Papaverine/ 2263 22 7.8% (122 out 12.4% (288 11.6% (141 5.4% (43
phentolamine of 1561) out of 1843) out of 1215) out of 799)

PGE1 2745 10 0.36% (10 out 0.8% (18 out 7.2% (40 out 0%
(alprostadil) of 2745) of 2180) of 558)

There are data indicating that intracavernosal
PGE1 therapy may also promote transient, partial or
complete restoration of spontaneous erections. Al-
though the mechanism of this effect is not clear, both
psychogenic factors and local effects on penile 
arterial and cavernous smooth muscle function 
have been implicated [21–23]. The recent observa-
tion that PGE1 is not cytotoxic on cultured endo-
thelial cells of human CC, may be considered as the
beneficial effect of long-term self-injection PGE1, as
the endothelium of the corpus cavernosum plays an
important role in the cascade of signal transduction
of penile erection [24].

Alprostadil (PGE1) is approved for self-injection
therapy in ED as Caverject® (Pfizer/Pharmacia,
USA) in 10 and 20µg dual chamber syringes, and 
as Edex®/Viridal® (Schwarz Pharma, Germany) 
in 10, 20 and 40µg dual chamber syringes.

Papaverine
Papaverine is a non-opiate derivative from Papaver

somniferum (poppy plant) and was the first clinically
effective pharmacologic therapy for ED tried as an 
IC injection.

As a good smooth muscle relaxant, papaverine has
shown to evoke relaxation of isolated CC strips, pe-
nile arteries, cavernous sinusoids, and penile veins in
vitro; papaverine caused marked vasodilation of the
penile arteries and decreased venous outflow, as
recorded by Doppler [2]. Furthermore, papaverine
also attenuated contractions induced by stimulation
of adrenergic nerves and exogenous noradrenaline
[25,26]. An IC injection of 80mg papaverine in nor-
mal volunteers and patients with psychogenic impo-
tence produced rigid erections.

At the cellular level, papaverine is a nonspecific
phosphodiesterase inhibitor that causes increases in
intracellular cAMP and cGMP, resulting in corporal
smooth muscle relaxation and penile erection. It 
may also modulate cavernosal smooth muscle tone
through inhibition of voltage-dependent L-type Ca2+

channels independent of cAMP, as reported in tra-

Table 8.1 Efficacy of vasoactive substances in the diagnosis of ED. Literature review of evaluable publications. From Porst
[15].

Substance Dose (Min/Max) Publications No.of patients Responders

Papaverine 30/110mg 19 2161 61% (987 out of 1,616)
Papaverine/ 15mg/1.25mg 13 3016 68.5% (2065 out of 3,016)
phentolamine 60mg/2mg
PGE1 (alprostadil) 5 µg/40 µg 27 10353 72.6% (7519 out of 10,353)

SPS08  8/1/06  11:22 AM  Page 96



Self-Injection, Trans-Urethral and Topical Therapy in Erectile Dysfunction 97

cheal smooth muscle, and also leads to suppression of
angiotensin II secretion in cavernosal tissue [14,27].

It is well established that IC injection of papaverine
may cause cavernosal fibrosis. In a meta-analysis of
the literature, including 15 retrospective studies, 
fibrotic changes were observed in 5.7% and 12.4%
of patients after papaverine, and the mixture of
papaverine/ phentolamine, respectively [15] (Table
8.2). Compared with PGE1, an increased risk of pro-
longed erection and penile fibrosis was associated
with long-term IC papaverine given weekly for eight
months in primates [18].

Increased damage to cavernosal endothelial cells
by papaverine had been reported within the human
CC after injection of papaverine and papaverine/
phentolamine, but not after injection of PGE1

[28,29]. Using cultured endothelial cells of human
CC, Schultheiss et al. clearly demonstrated that pa-
paverine produced cytotoxic effects as measured by
increased release of lactate dehydrogenase, a marker
of cytotoxicity and a significant decrease in the viable
cell count and metabolic activity of the cultures [24].
The acidity (pH < 5) of papaverine or papaverine/
phentolamine solutions probably contributes to both
the cytotoxic and fibrotic effects of papaverine. To
avoid incurring permanent damage to endothelial
cells, these findings encourage the use of alprostadil-
containing preparations instead of papaverine-
containing formulations for intracavernous injection
therapy. Papaverine is extensively metabolized in the
liver and papaverine-induced hepatotoxicity has also
been reported (see Table 8.2).

Papaverine hydrochloride is marketed in many
countries under a variety of trade names, mostly in
1–2ml ampoules containing 30mg papaverine per 1
ml. The most commonly used doses in ED were
30–60mg; the dose range described in the literature
varies between 10 and 110mg [15].

Alpha-adrenoceptor blockers
Phentolamine
Phentolamine is a competitive, non-selective α1-
and α2-adrenoceptor blocker that acts both on presy-
naptic and postsynaptic α-adrenoceptors. In addi-
tion its actvities are also attributed to potassium
channel opening and endothelin-antagonist proper-

ties, as well as to NO synthase (NOS) stimulatory ef-
fects [30,31]. In the dog model intracavernously in-
jected phentolamine resulted in a 50–100% increase
in arterial blood flow without showing any impact
on the veno-occlusive mechanism [32]. In contrast,
in the same animal experiment papaverine resulted
in a 300–700% increase in blood circulation and si-
multaneous blockade of venous drainage. The intra-
cavernous injection of phentolamine 5mg only
resulted in penile tumescence but not rigidity [33],
whereas a combination of phentolamine and pa-
paverine showed additive efficacy resulting in 
long-standing rigid erections sufficient for sexual
intercourse [34].

Moxisylyte
Moxisylyte is an α-adrenoceptor blocker with pre-
dominance of α1-adrenoceptors [35]. Moxisylyte
was developed for self-injection therapy in France
and marketed in several European countries as
Icavex®. Although its sucess rates were reported to
range between 40% and 61%, regarding the induc-
tion of rigid erections sufficient for successful vaginal
penetration, its efficacy was clearly inferior to al-
prostadil in a direct head to head comparative trial
[36]. This may be the reason why this drug was not
widely used for self-injection therapy despite its low
side-effect profile. Just recently in the spring 2005
the manufacturer of Icavex® decided to withdraw
this drug from the European market, presumably
due to its low market shares. In experienced hands
moxisylyte was especially helpful in the treatment of
patients with ED after RRP, in whom PDE-5 in-
hibitors have failed and PGE1 injections resulted in
painful erections.

Vasoactive intestinal polypeptide
Vasoactive intestinal polypeptide (VIP) was consid-
ered to be one of the strong candidates for penile
erection in the 1980s. The reasons for that is the fact
that it is one of the naturally occurring neurotrans-
mitters present in considerable amounts in the male
genital tract. VIPergic nerves are densely distributed
in the penis supplying the pudendal arteries and the
cavernous smooth muscle cells. VIP is said to mediate
facilitatory effects on blood flow, secretion and 
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muscle tone, suggesting that this peptide neuro-
transmitter may play an important role in the neural 
control of male erectile function [37].

Interestingly, VIP was found in co-localization with
NOS within the perivascular and trabecular nerve fi-
bres of the penile erectile tissue [38]. In view of the
findings that these nerve fibers contain vesicular
acetylcholine transporter, a specific marker for cholin-
ergic neurons, the NO and VIP-containing nerves
were also considered to be cholinergic [39]. Further-
more, VIP-related peptides such as PHM, PACAP and
helospectin (Hel-1), also coexist with VIP in nerve
structures within the human cavernous tissue
[40,41].

Whereas VIP is a potent relaxant of the CC and 
penile vascular smooth musculature in vitro, the 
ineffectiveness of VIP antiserum to inhibit the neu-
rogenic relaxation in CC strips suggested that VIP
was not released from the nitrergic (NANC) nerves
during field stimulation [42]. This significant study
made it unlikely that VIP is the erectile neurotrans-
mitter and set off further research for potential 
neurotransmitters involved in the erection process.
Another finding from this study was that intracav-
ernous injection of VIP in man produced tumescence
and not erection. Therefore, the finding that VIP 
was not able to induce penile rigidity adequate 
for coitus, when injected intracavernosally in nor-
mal volunteers and impotent men, made a potential
role as a primary neurotransmitter for penile erec-
tion unlikely [42,43]. This is in line with the results
obtained in healthy adult male volunteers in whom
no significant changes were detected in systemic and
cavernous plasma levels of VIP once the flaccid penis
became rigid [44]. However, VIP may play a signifi-
cant role in the mechanism of male sexual arousal as
cavernosal VIP levels were elevated during penile
detumescence and following ejaculation [44]. It was
recently shown that chemical castration in patients
who underwent radical prostatectomy does not 
influence VIP immunostaining of human CC, sug-
gesting that VIP is not an androgen–dependent neu-
romediator of penile erection and that it may be
responsible for sexually-induced erections in these
castrated patients [45].

Similar to PGE1, the effects of VIP are mediated 
by a specific membrane-bound receptor linked to

adenylate cyclase via a stimulatory G-protein. VIP
has been shown to elevate cAMP concentrations 
in cavernosal tissues without affecting cGMP 
[41–46].

Drug combinations for 
self-injection therapy
General considerations
PGE1 is still the first line option for patients who ei-
ther do not respond or show contraindications for
oral phosphodiesterase-5 inhibitors. Besides PGE1

mono therapy, several potentially useful combina-
tions have been used for self-injection therapy as
second line options. The vasoactive agents most
commonly used in combination therapy, were phen-
tolamine, papaverine, PGE1, and VIP. Potential ad-
vantages of the use of combination therapies over
mono therapy may depend on the number of
drugs/strength of the mixtures used, an increase of 
efficacy by targeting different sites of action in 
the erection process, reduction of side effects 
such as priapism or fibrosis, and reduction of costs
per application.

For instance, 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 enhanced relaxation induced by phen-
tolamine in the cavernosal tissue strips. The en-
hancement of VIP and PGE1-induced relaxation
(cAMP-mediated) by phentolamine suggests a syn-
ergistic interaction, while the interaction between
phentolamine and sildenafil (cGMP-mediated) ap-
pears to be additive [47]. The same investigators
were also able to show that sildenafil and PGE1 has
additive and synergistic effects, respectively, with
phentolamine-induced relaxation. Therefore, in
combination therapy using phentolamine as an ad-
junct, the efficacy of vasodilators that initiate erec-
tion via independent relaxant pathways is increased
due to a reduction in adrenergic tone, through the α-
adrenoceptor blockade.

Combination of papaverine and
phentolamine (Androskat®)
The combination of papaverine/phentolamine 
has become popular since the publication of Adrian
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Zorgniotti 1985, and has competed with alprostadil
mono therapy for a long time [34]. The mixture 
of papaverine/phentolamine is commercially avail-
able and approved as Androskat® in several coun-
tries worldwide, especially in Europe. Androskat® is
marketed in 2ml ampoules containing 15mg pa-
paverine and 0.5mg phentolamine per 1ml, i.e. a
total content of 30mg papaverine +1mg phento-
lamine per ampoule. As a rule of thumb, 
the efficacy of one ampoule Androskat® is com-
parable to 10µg alprostadil, and two ampoules 
Androskat® to 20µg alprostadil [15] (Table 8.1). The
major disadvantages of papaverine/phentolamine is
its relatively high risk of priapism >6 hours ranging 
between 2 and >10% (mean 7.8%) depending 
on the concentration of the first dose used [15],
(Table 8.2).

The main indication for using the mixture of 
papaverine/phentolamine are patients with ED 
in whom PGE1-induced erections were felt into-
lerably painful, which is relatively often the case 

after major pelvic surgery (RRP, cystectomy, rectum
amputation), or this minority of patients in whom
PGE1 mono therapy turned out to be inferior 
to papaverine/phentolamine. Long-term use of the
mixture of papaverine/phentolamine was marked
with a considerably higher risk of cavernous fibrosis
compared to alprostadil monotherapy [15].

Combination of
papaverine/phentolamine/PGE1
(Triple drug, syn. Trimix)
The use of the triple drug combination of papaver-
ine/phentolamine/PGE1 was reported for the first
time in 1990 by Goldstein [48]. Since this publication
a variety of reports on the usefulness of this drug
combination was published in the literature, with
wide range of dose recommendations (see Table 8.3).
A direct comparative study investigated the equiva-
lent doses of alprostadil monotherapy to the triple-
drug combination in terms of efficacy [56] (Tables
8.4 and 8.5).

Table 8.3 Triple drug compositions: intracavernous injection of Trimix, a mixture of papaverine, phentolamine and PGE1,
is indicated for patients unsuitable for PGE1 injection due to poor response, pain or cost. Various dose combinations have
been reported with the range of ratio (based on mass) for papaverine [12–30]: PGE1 (0.006–0.02): phentolamine (taken 
as 1).

Injection 
volume 

Reference Trimix Stock Solution Ratio (equimass basis) (ml)

Papaverine PGE1 Phentolamine Papaverine PGE1 Phentolamine

Bennett et al [49] 17.6mg/ml 5.9 µg/ml 0.59mg/ml 30 0.01 1 0.25

Govier et al [50] 22.5mg/ml 8.3 µg/ml 0.83mg/ml 27 0.01 1 0.36

Israilov et al [51] 19.4mg 16.4 1.6 12.1 0.01 1 NA

Marshall et al [52] 12mg 9 µg 1mg 12 0.009 1 0.1–0.8

Shenfield et al [53] 4.5mg/0.5ml 5 µg/0.5ml 0.25mg/0.5ml 18 0.02 1 0.5

Mulhall et al [54] 30mg 10 µg 1mg 30 0.01 1 NA
30mg 25 µg 2mg 15 0.0125 1 NA

Montorsi et al [55] 150mg 30 µg 5mg 30 0.006 1 0.18–0.21
300mg 100 µg 10mg 30 0.01 1 0.18–0.21
300mg 200 µg 20mg 15 0.01 1 0.18–0.21

The Trimix stock solution of Montorsi et al. [55] is in 3 ml.

SPS08  8/1/06  11:22 AM  Page 99



100 Chapter 8

There is no question that at present the triple drug
combination represents the most effective regimen
in self-injection therapy, which was also preferred
over alprostadil in the cited trial [56]. The major dis-
advantage of this powerful drug-combination is the
fact that up to now, no commercially available prepa-
ration exists worldwide, i.e. the patients or the phar-
macists have to reconstitute this combination
individually, which is relatively complicated and
cumbersome for many patients.

Combination of VIP and 
Phentolamine (Invicorp®)
The use of the combination of VIP and phentolamine
in a larger series of patients with ED was 
published for the first time in 1992 [57]. After 
a couple of studies [58,59], the mixture of 
VIP/phentolamine in doses of 25µg/1mg or 25µg/

2mg was introduced commercially as Invicorp®, 
available with a very user-friendly automatic 
injection device for single use (Senetek-CA, USA),
and approved in some countries (Denmark, 
UK, New Zealand). Although the VIP/phentolamine
combination was very promising, especially due 
to its self-injection device and relatively high 
efficacy, it was never marketed worldwide. This 
is presumably due to the considerable decrease of 
the market for injectables in ED. To the knowledge 
of the authors, at present the VIP/phentolamine
combination is not officially available in any 
country.

Other drug combinations for 
self-injection therapy
There are a variety of other drug combinations,
mostly with PGE1 (alprostadil), such as triple 
drug with PGE1/papaverine/chlorpromazine (0.5
mg/ml) instead of phentolamine, or triple drug + at-
ropine, PGE1 + ketanserin, PGE1 + CGRP (calcitonin
gene-related peptide), PGE1 + forskolin (activates
the enzyme adenylate cyclase and increases intracel-
lular cAMP), or triple drug and forskolin, but none of
these combinations were able to achieve any market
acceptance or official approval [60].

Combination of self-injection therapy and
oral drug therapy
The successful conversion of non- responders either
to high dose alprostadil mono-therapy (40µg) or 
to the triple drug combination (40µg PGE1/48mg
papaverine/3.2mg phentolamine) by combining

Table 8.5 Intra-individual comparative study of alprostadil powder (Caverject®) and papaverine/phentolamine/PGE1

(triple drug solution). From Kulaksizoglu et al. [56].

Alprostadil powder Papaverine/phentolamine/PGE1 No preference
(PGE1 Caverject) (triple drug solution) (both the same)

Overall assessment better 23% 46% 31%
Improved rigidity 22% 37% 41%
Erection maintenance better 19% 37% 44%
Reproducibility better 15% 35% 50%
Orgasm/ejaculation better 0 0 100%

Table 8.4 Equivalent efficacy doses of alprostadil powder
(Caverject®) and papaverine/phentolamine/PGE1

combination (triple drug solution) in 68 patients. From
Kulaksizoglu et al.[56].

Alprostadil Papaverine(mg)/
powder (PGE1 (mg)) phentolamine (mg)/PGE1 (mg)

4 1.47/0.05/0.49
8 3.2/0.1/1.1
12 4.6/0.15/1.55
16 6.8/0.22/2.27
20 7.6/0.25/2.5
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self-injection therapy with 100mg sildenafil, was 
reported in 34% [32] of 93 patients treated in this
way [61]. In another prospective, placebo (against
sildenafil) controlled study with 40 patients experi-
encing unsatisfactory erections at both the 50 
and 100mg dose of sildenafil, the combined 
treatment with 20µg IC-PGE1 resulted in a statisti-
cally significant improvement of the erectile re-
sponse as assessed by the IIEF-EF in 65% of the
patients [62].

Technique and complications of 
self-injection therapy
In order to overcome the reservations and to in-
crease the acceptance of patients on the one hand,
but to decrease at the same time the complications of
self-injection therapy on the other hand, a thorough
instruction of the patients in a proper technique and
use of ultra-thin needles is mandatory. According to
the experiences of the authors it takes, in many pa-
tients, at least two teaching sessions before the pa-
tient is sure that he has mastered this technique
correctly and avoids potential mal-injection risks
(see Fig. 8.2).

The most frequent side effects encountered with
self-injection therapy are:
Prolonged erections/priapism: the frequency of which
has been shown to be drug- and dose–dependent
(see Table 8.2). Priapisms lasting longer than 
six hours must be interrupted by injecting IC a
sympathomimetically acting antidote (see Chapter
15 on conservative management of priapism),
and/or evacuation of the entrapped blood through 
a butterfly cannula. The six hour time limit has
absolutely to be considered in order to avoid
irreversible ischemic damage to the cavernous 
tissue.
Fibrosis of the cavernous tissue: the occurrence of 
which has also shown a clear drug dependency (see
Table 8.2). The follow up of fibrotic changes occur-
ring both in the European multicenter 4-year study
with alprostadil (Viridal®/Edex®), or in the US 5
year trial (Caverject®), showed that between
33–47% of these nodules/plaques healed sponta-
neously [63,64]. In a recently published study on the
outcome of fibrotic changes due to self-injection
therapy in 44 patients, 52% (n = 23) of the patients
showed spontaneous improvement despite most of

1. Subcutaneous
    injection

Potential of mal-injection in self-injection technique Correct intrasinusoidal
injection

2. Intratunical
    injection

3. Intratrabecular
    injection

4. Intraseptal
    injection

5. Intraurethral
    injection

Fig. 8.2 Technique of self-injection therapy. From Porst [60].
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them (91%) continuing self-injection therapy 
[65]. The tendency for spontaneous disappearance
of the fibrotic changes may be supported by
temporary discontinuation of self-injection therapy
for two to four months, followed by a re-education 
of the patient in the correct self-injection tech-
nique (see Fig. 8.2). In roughly half of the patients,
fibrotic changes are followed by the development 
of penile deviations frequently requiring surgical
intervention.
Penile hematoma/bruising is the most often encoun-
tered side effect observed with self-injection ther-
apy, and occurred between 33% and 47% in the
European four years long-term trial (63). Hema-
toma occurred more frequently in those patients
who developed fibrotic changes in the further
course, pointing to the potential role of mal-
injection technique in this regard. In some patients
repeated occurrence of hematoma may be followed
by dark coloring of the penile skin due to hemo-
siderin deposits.
Rare complications with self-injection therapy are the
occurrence of infections/abscesses, needle breakages
requiring surgical removal, or even the development
of cavernous thrombosis with involvement of the
pelvic veins and subsequent lethal pulmonary em-
bolism [66].

Special populations/features with 
self-injection therapy
Patients on anticoagulants
According to the literature and my own experience,
self-injection therapy can be performed even in men
on warfarin or phenprocoumon-containing antico-

agulants, without increasing the risk of bleeding/
ecchymosis [67].

Transplant patients
The literature does not show any increased risk with
self-injection therapy in patients who have received
kidney or heart transplants [68].

Diabetics
Both in the literature and in own patient popula-
tions, ED patients with diabetes are revealed at in-
creased risk of fibrosis and painful sensations with
self-injection therapy [69].

Trans(intra)urethral Therapy

Transurethral alprostadil (PGE1) with
MUSE® (Medicated Urethral System
for Erection)
A new alprostadil preparation using transurethral
application with a small single-use applicator was in-
troduced in 1994, and later on developed as MUSE®
(Medicated Urethral System for Erection) for market
approval in US, 1996 (VIVUS, USA) followed by
many other countries worldwide [70]. Although the
transurethral application route seemed at first glance
to be preferable to self-injection therapy the out-
come and especially direct comparative trials to 
intracavernously-applied alprostadil (Caverject®,
Edex®, Viridal®), revealed a distinct inferiority of
MUSE® [71–76] (Table 8.6).

Typical frequent side effects of MUSE® are pe-
nile/urethral pain between 25 and 43%, and ure-
thral bleeding (around 5%). Infrequently reported

Author No. of patients MUSE® IC alprostadil

Ghazi 1998[71] 125 48% (61) 79% (98)
Werthman 1997[72] 100 37% 89%
Porst 1997[73] 103 43% (44) 70% (72)
Shabsigh 1998[74] 106 27% 66% (buckling test)
Shabsigh 200[75] 68 53% 83% (at home use)
Flynn 1998[76] Literature review 45% >70%

Table 8.6 Efficacy rates of
transurethral alprostadil (MUS®) vs.
self-injection therapy with alprostadil
(Caverject®, Viridal®, Edex®).
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adverse events are dizziness with fall in blood pres-
sure (1–5%), and even the occurrence of syncope
between 0.4 and 3% [70–76].

Of importance for achieving the best efficacy with
MUSE® and avoidance of bleeding is a correct tech-
nical application, i.e. to insert MUSE® directly upon
micturition with the urethra still being moist. The ef-
ficacy of MUSE® may be enhanced by simultaneous
application of a constriction bandage on the base of
the penis to avoid quick drainage of the medication
through the penile veins. Successful salvage of non-
responders to mono therapy either with sildenafil or
MUSE® using a combination of both methods was
reported by several authors [77,78]. At present
transurethral alprostadil therapy with MUSE® must
be considered a niche therapy in ED. The main indi-
cations of MUSE® are patients, non-responsive to
PDE-5 inhibitors due to damage of the autonomic
penile nerve supply after pelvic surgery or trauma
(RRP, cystectomy).

Transurethral route used with 
other compounds
Transurethral application with other compounds
such as lyophilized liposomal PGE1 (LLPGE) [79,80]
or PGE2 [81,82] was investigated several times, but
then abandoned, and never reached the stage of 
market approval.

Topical Therapies

Provided topical application can be as effective as
oral or injection therapy, it would certainly have a
greater popularity and acceptance, particularly for
those patients with needle phobia fearing injection
therapy, or those with contraindications for the use
of PDE-5 inhibitors. Ideally, topical applications are
considered to be non-invasive and have minimal
systemic side effects that are commonly associated
with oral pharmacotherapies. Currently, the appli-
cation sites for topical therapy for ED are the skin of
the penile shaft and the glans penis. Unlike certain
skin areas such as the impermeable back or palms,
the stratum corneum of the penile skin is more easi-
ly permeable to agents applied topically [83]. How-
ever, to reach the level of the corpora cavernosa, the

agents applied on penile skin have to permeate fas-
cial layers and the tunica albuginea with its thick 
layers of collagen. In view of the proven existence 
of venous communications between corpora 
cavernosa and glans penis [84], some studies have
also investigated the efficacy of topical application
on the glans penis to reach the CC. This approach is
expected to minimize the venous return of the
agents into systemic circulation thereby prolonging
the local action. However, in spite of the advantages,
i.e. ease of administration and patients’ preference
for topical therapy, the high concentration of an
agent needed for topical application as against the di-
rect intracavernous route may increase the likeli-
hood of local and even systemic effects, and also
could not be considered cost effective. For instance,
1000µg of PGE1 is required for an intraurethral ap-
plication (MUSE®) compared to an equipotent dose
of 20µg to 40µg of PGE1 by the IC route. As for topi-
cal application on the glans penis, the dose of 2.5mg
(2500µg: Topiglan®) PGE1 used (0.25ml of 1% al-
prostadil), which was effective in 38.9% of the ED
patients under investigation), is more than 125 times
that of the average 20µg dose of PGE1 used for IC
injection [85].

Minoxidil is a potent vasodilator–antihypertensive
agent used in patients refractory to a standard anti-
hypertensive regimen. It is also used topically for
alopecia. In view of its ability to relax vascular and
other smooth muscle cells, it was also tested topical-
ly on the glans penis for the treatment of ED. One ml
of 2% minoxidil solution, applied on the glans penis
20 minutes before attempted intercourse, was in-
vestigated in a total of 21 patients (age ranging from
29–65 years) [86]. One patient with psychogenic
impotence and another patient who became impo-
tent after excision of Peyronie’s plaque, reported
rigid erections adequate for intercourse. The latter
one could subsequently achieve erection without
minoxidil. The remaining 19 patients had no im-
provement of erectile rigidity. Similarly, Chancellor
et al. [87]. who compared papaverine injection and
vacuum constriction device (VCD) against topical
minoxidil in the treatment of ED due to spinal cord
injury, noted that both subjective and objective
erectile responses to minoxidil were poor as
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compared to 77% success rates with papaverine 
and 57% with VCD [87]. However, in another study
it was reported that three out of four paraplegic 
men have had a positive erectile response [88]. It
may be suggested that the lack of erectile effect by
minoxidil could be due to the fact that hepatic bio-
transformation is needed for the formation of the ac-
tive metabolite, minoxidil O-sulfate [89]. However,
in another prospective, double-blind controlled
study, where transcutaneous application of minoxi-
dil on the glans penis was tested against nitroglyc-
erin (2.5g, 10% ointment) and placebo, involving
116 patients, Cavallini et al. reported that minoxidil
proved to be significantly superior to nitroglycerin,
which was, in turn, more effective than the placebo
[90].

Nitroglycerine: Nunez and Anderson [91] reported
three cases of successful treatment of impotence
using topical nitroglycerin ointment. In another
placebo-controlled, double-blind study, using 2%
nitroglycerin paste, the authors observed an im-
provement of blood flow in the cavernous arteries
and tumescence after erotic stimulation in 18 of 26
patients [92].

Studies on the use of topical papaverine gel are rare.
In a phase I, placebo-controlled, non-blinded study,
Kim et al. investigated the efficacy of 15% and 20%
papaverine base gels applied to the scrotum, per-
ineum and penis [93]. The authors claimed a 
significant increase in cavernous arterial diameter
(36%) and concluded that topical papaverine aug-
mented reflex erections in their spinal cord injury
patients. However, Chiang et al., using a combination
of 20% papaverine base gel with an enhancer against
500µg PGE1 were not able to yield a satisfactory erec-
tile response after these combined vasoactive agents
[94].

Whereas there have been several sporadic re-
ports/personal observations on locally applied
agents for the treatment of ED, the paucity of 
well controlled trials indicates poor success and ac-
ceptance rates of these drugs and precludes their
widespread use in ED. Currently, there is no world-
wide approved topical therapy for the treatment 
of ED on the horizon, although topical agents 
have been widely investigated in clinical studies and
trials.
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The overwhelming success of sildenafil in the man-
agement of male erectile dysfunction (ED) encour-
aged both researchers and the pharmaceutical
industry to enforce their endeavors in this special
field of medicine. Meanwhile two further PDE-5
inhibitors tadalafil and vardenafil have joined silde-
nafil. Because they are not really distinguishable
from sildenafil in terms of efficacy and side effects,
but only from the pharmacokinetic profile, they are
now directly competing with this very first protago-
nist. The ED market continues to be very attractive
for pharmaceutical companies and independent
researchers, in particular due to the fact that at
present only between 15 and 20% of all men suffer-
ing from ED are treated. The purpose of the following
chapter is to provide a brief overview of the main
sites of the current research dedicated to the phar-
macologic treatment of ED.

Centrally Acting Drugs Under
Clinical Investigation

After apomorphin SL, a dopamine D1/2 receptor
agonist with dominant action on D2, has failed on the
European market, due to lack of efficacy and clear
inferiority to the phosphodiesterase-5 (PDE-5)
inhibitors. The main focus in drug development is
now directed to other central neurotransmitters
known to be involved in processing erection.

Melanocortin receptor (MCR) agonists
Presently there are five MCRs identified and all five
are activated by adrenocorticotropin hormone
(ACTH) and four out of five, except MC2R, by alpha-
melanocyte stimulating hormone (α-MSH) [1]. Of

the five MCRs only two (MC3R and MC4R) are
expressed in cerebral regions known to be involved
in the modulation of erectile function. The origin of
both α-MSH and ACTH is the pro-opiomelanocortin
(POMC) gene, and the biologic effects of these two
hormones are mediated via activation of one or more
of the five MCRs. All five MCRs use cAMP as the
second neurotransmitter mediating the final bio-
logic (physiologic) effects upon their activation.

Melanotan II and its active metabolite PT-141
(Bremelanotide), are cyclic peptide analogues of α-
MSH, targeting four of the five MCRs (not MC2R),
which have been under investigation for nearly 10
years for their usefulness in the management of ED 
[2]. Following the first research studies Melanotan II
was investigated both as subcutaneous injection and
as intranasal spray [3,5].

Recently the results with the intranasal 
melanocortin receptor agonist PT-141 in an at home,
multi-center, double-blind, placebo-controlled
parallel-arm study in 271 sildenafil-responsive
patients were reported, with improved erections in
66–67% with the 10–20mg dose [5]. As shown in
Fig. 9.1 there was no dose-dependent efficacy
between 10 and 20mg. In two further Rigiscan
studies with a subcutaneous (s.c.) application of PT-
141 in doses between four and 10mg, efficacy was
reported even in a small group of patients (n = 25)
with a history of inadequate response to 100mg
sildenafil and an IIEF-EF-score <17 [4]. A first
response was seen approximately 37min after the 10
mg dose. Mean duration of efficacy (definition:
≥60% penile base rigidity) was 41min for the 6mg
s.c. dose [4], whereas in another study the mean
duration of efficacy after intranasal PT-141 was 26
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min (6mg dose) and 54min (20mg dose), respec-
tively, compared to 18.5min in patients receiving
placebo [3]. Co-administration of low doses of
intranasal PT-141 (7.5mg) and sildenafil (25mg) in
men suffering from ED resulted in an enhanced erec-
tile response [6].

A major problem with this new MCR agonist may
be its side effect profile, with nausea rates up to 36%
after 6mg s.c and 17% after intranasal application
[3,4]. Further drug related side effects >5% were
headache (up to 27%), flushing (up to 17%) vomit-
ing (up to 9%), back-pain (up to 9%), muscle cramps
(up tp 9%), and fatigue (up to 8%).

There is no doubt that this completely new
approach with MCR agonists seems to be promising
in terms of efficacy, but at present there are some
uncertainties regarding their side effect profile.

Centrally Acting Compounds with
the Potential for Pharmacotherapy
in ED

Positive effects on the erectile mechanism were
reported from the following centrally-acting
compounds.

Oxytocin
In the rat model oxytocin micro-injections into the
nucleus paraventricularis and the medial septum of
the hippocampus induced erections [7], which is
not the case if these regions were injured through
trauma [8]. In small clinical trials, conducted about
30 years and 10 years ago, oxytocin was able to im-

prove ED in patients with psychogenic etiology
[9–11]. As the patent for oxytocin (syntocinon)
was revoked long ago, no pharmaceutical compa-
ny seems to be interested in investigating the po-
tential of this hormone in psychogenic ED.

Serotonin receptor agonists
Generally speaking, serotonin (5-hydroxytrypta-
mine, 5-HT) receptors are attributed inhibitory
effects in the erectile mechanism, but the serotonin
receptor subtypes 5-HT1C/2A and C are suggested to
facilitate both erection in male and female sexual
proprioceptive behaviour [12–14]. There were two
5-HT2C agonists in preclinical or clinical phase I/IIA
investigations named RSD 992 and YM 348, with no
results being reported so far. The pro-erectile effects
of RSD 992 were blocked by the 5-HT2A/C antagonist
ritanserin but not by the 5-HT2A antagonist
ketanserin, indicating that the 5-HT2C receptor is the
more important one in facilitating an erectile
response [14].

Glutamate
In the rat model it was shown that hippocampal 
glutamate receptors are involved in the erectile
response [15]. The injection of glutamate subtype re-
ceptor agonists such as NMDA, ACPD and AMPA, re-
sulted in multiple episodes of erectile responses [15].

Hexarelin analogues
Hexarelin, a growth hormone (GH)-releasing
hexapeptide, induced erections upon intra-
paraventricular injection [16]. In the rat model
several hexarelin analogues were able to induce
erections after injection into the paraventricular
nucleus, which resembled the erections caused by
apomorphine [16,17].

Peripherally-Acting Drugs Under
Clinical Investigation

New PDE-5 inhibitors
DA 8159 is a new PDE-5 inhibitor from a South
Korean pharmaceutical company with a selectivity
that is similar to sildenafil with a Tmax of 1.0–1.5h
and a T1/2 of 11–13h. This new PDE-5 inhibitor was
recently investigated in a large multicenter, double-

15mg PT-141Placebo 5mg PT-141 10mg PT-141 20mg PT-141

GAQ –improvementof erection
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Fig. 9.1 At home efficacy of PT-141, an intranasal MCR-
agonist, in 271 sildenafil-responsive patients [5].
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blind placebo-controlled home trial for 12 weeks, in
doses of 100 and 200mg, in 319 men with ED [18].

As shown in Fig. 9.2, the SEP 3 rates reached
nearly 70%, against only 17% at baseline. Side
effects >5% were flushing and headache. 

TA-1790 (avanafil) is also a new PDE-5 inhibitor
developed for the treatment of ED. Its pharmacoki-
netic profile shows a Tmax < 1h and a T1/2 of about 1
hour. In a phase II A Rigiscan study, doses of
50/100/200mg TA 1790 were compared to sildenafil
50mg and placebo. Whereas the efficacy (rigidity
>60% at penile base) of TA 1790 was superior to
sildenafil in a time frame of 20–40min after applica-
tion, it was inferior to sildenafil after a time frame of
100–120min [19]. The most commonly observed
adverse event was flushing in between four and 11%
of patients. The future will show whether these two
PDE-5 inhibitors will be developed up to market
approval, and whether these two PDE-5 will have
the potential to compete with the three marketed
PDE-5 inhibitors.

Topical alprostadil (Alprox®)
Topical alprostadil (Alprox®-TD) in doses of 100,
200 and 300µg was investigated against a placebo in
two multicenter pivotal phase 3 trials involving 1732
patients with mild to severe ED [20]. The demo-
graphics of the study population showed diabetes in
21%, hypertension in 44%, RRP in 12%, CAD in
21%, and nitrate or α-blocker medication in 16%.
The SEP 3 data obtained after 12 weeks of treatment
as shown in Fig. 9.3, indicate a clearly inferior effi-
cacy if compared to PDE-5 inhibitors, whose SEP 3
data ranged in the literature between 65 and 75%. It
may be presumed that topical alprostadil may play a
role in the future combination treatment strategies if
PDE-5 inhibitors only are not able to induce satisfac-
tory responses.

Peripherally-Acting Drugs with the
Potential for Pharmacotherapy 
in ED

S-Nitrosylated a-blockers
Nitrosylation of α-blockers has been reported both
with yohimbine and moxisylyte [21]. The additional
nitrosylation has no negative impact on the α-

adrenoceptor blocking properties but enhances their
erectile-inducing efficacy by the additional NO-
donor activities. Although this concept was intro-
duced nearly 10 years ago, no results of clinical
studies are reported to date.

Nitric oxide-releasing PDE-5 inhibitors
NCX-911 a novel nitric oxide-releasing PDE-5 inhi-
bitor, turned out to be superior to sildenafil in the rab-
bit model if there was a lack of endogenous NO[22].
To date no data on clinical trials have been reported.

Guanylate cyclase (GC) activators
Several research groups were focusing in the past
couple of years on guanylate cyclase, on the GC-B,
a membrane bound enzyme in particular involved
in the physiologic process of erection by promoting
the cleavage of cGMP from GTP [23,24]. At least
two GC activators, i.e. YC-1 and BAY 41-2272,
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Fig. 9.2 Results (SEP 3) of the multicenter trial with the
PDE-5 inhibitor DA 8159 (udenafil [18]); N=319.
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Fig. 9.3 Results of the two pivotal trials with topical
alprostadil (Alprox® TD) [19].
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have shown potential efficacy both in animal mod-
els and in vitro experiments with human corpus
cavernosum muscle strips [25–28]. At present no
data are available on clinical trials, but based on
findings in experiments with diabetic rats it is spec-
ulated that GC activators may be more effective in
diabetic ED than the common PDE-5 inhibitors.
This speculation relies on the observation that en-
dogenous NO release is significantly decreased in
diabetes, and that NO-independent GC activators as
well as NO-releasing PDE-5 inhibitors may be more
useful in diabetic ED [28].

Rho-kinase inhibitors
A variety of research findings emphasize the role of
Rho-kinase in the regulation of the corpus caver-
nosum smooth muscle tone, i.e. maintaining con-

traction and thereby preventing erection [29,30]
(Fig. 9.4, see also Chapter 3, p.36). It has been shown
that Rho-kinase expression and activity is clearly up-
regulated, both in diabetes and hypertension and in
hypoxemic conditions [31,32,33]. In the animal
model Rho-kinase inhibitors were able to ameliorate
ED [34,35]. Recent studies performed in hyperten-
sive rats have provided evidence that the combina-
tion of PDE-5 inhibitors and Rho kinase inhibitors
are superior to the respective mono-therapies [35].
Finally the topical application of the Rho-kinase
inhibitor Y-27632 to the rat tunica albuginea
resulted in an erectile response [36].

Conclusions

As briefly described in this chapter, there are a
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Fig. 9.4 The role of Rho A and Rho-kinase in the erectile process. Modified after Mills et al. [34].

SPS09  8/1/06  11:23 AM  Page 112



Future Aspects of Pharmacotherapy in Erectile Dysfunction 113

variety of targets worthy of being considered for the
development of pharmaceutical drugs in the indica-
tion of male ED, both on the central and the periph-
eral level. Without any doubt the following couple of
years will be exciting in this field.
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Introduction

Gene therapy in urology initially focused on urinary
tract malignancies such as bladder and prostate
cancer. However, in the last half decade new
research endeavors in tissue engineering, and gene
and cell-based therapies, have become more wide-
spread for the treatment of erectile dysfunction
(ED). Tissue engineering aims to replace complete
tissues or organs, while gene and cell-based thera-
pies act at the cellular level to improve specific cellu-
lar and enzymatic functions [1].

Tissue Engineering and ED

Various surgical techniques have been developed 
to restore genital abnormalities, e.g. epispadias,
micropenis, penile carcinoma, genital trauma, cor-
poral fibrosis, and Peyronie’s disease. In many of
these cases there is a limited amount of cavernosal
tissue and surgeons have relied on prosthetic devices
to recover the patient’s erectile function [2].

Reconstruction of normal erectile tissue using
autologous cells, derived from the patient’s own
body, is an intriguing concept for the treatment of
this severe form of ED. Atala and colleagues have
proposed a tissue regeneration approach that
involves patching isolated cells to support structures
that possess suitable surface chemistry for guiding
cell reorganization and growth [3].

Initial experiments were performed in order to
determine the feasibility of creating corporal smooth
muscle and endothelial cells in vivo, using cultured
human corporal smooth muscle cells seeded onto

biodegradable polymers [4]. Their results were
confirmed with human corporal smooth muscle 
and endothelial cells seeded on acellular matrices
processed from donor rabbit corpora cavernosa [5].

Three and six months after implanting these
tissue-engineered constructs into the corpora caver-
nosa of the animals from which the respective cells
had been harvested, animals with tissue-engineered
corporal segments exhibited much better functional
and morphologic results compared to unseeded
control animals, as assessed by cavernosography,
cavernosometry, mating behavior, cell-specific im-
munochemistry, and Western blot analyses. Cur-
rently, this group has been working on engineering
corporal tissue for the purposes of phallic reconstruc-
tion, and tunical tissue for reconstruction of severe
cases of Peyronie’s disease.

Gene Therapy and ED

Basic science research on erectile physiology has
focused on the pathogenesis of ED and has provided
convincing evidence that ED is predominantly a
disease of vascular etiology. The oral phosphodi-
esterase-5 (PDE-5) inhibitors are uniformly recom-
mended as first-line therapy because of their
convenience and high rate of efficacy in a diverse
population of ED patients. Unfortunately, not all ED
patients benefit from PDE-5 inhibitor therapy, and
the development of new approaches, including gene
and cell-based therapies, is required.

Initially, gene therapy had been reserved for the
treatment of life-threatening disorders, including
cancer, hereditary and acquired diseases. Although
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there have been some concerns and regulatory
changes due to the loss of a young volunteer who
was treated with the intrahepatic administration 
of a recombinant adenoviral vector containing
ornithine transcarbamylase in 1999, there are still
hundreds of gene therapy trials being conducted
worldwide [6,7]. Gene therapy is an attractive thera-
peutic possibility for the treatment of ED. A simple
concept about ED is that in most men only a very
small alteration in the balance between contracting
and relaxing stimuli can cause significant effects on
cavernosal and penile vascular smooth muscle tone
[8,9] (Fig. 10.1). The penis is also a convenient tissue
target for gene therapy because of its external loca-
tion, the ubiquity of endothelial-lined spaces, and
low level of blood flow.

The objective of gene therapy is to introduce new
or repair damaged genetic materials (DNA or RNA)
into the cells of a target (i.e. the penis) in order to
recover the organ’s function.

The ideal vector for gene transfer is one that allows
for efficient transduction and long-term stable trans-
gene expression while having few or no adverse
effects, such as risk of infection, immunogenicity, 
or host-cell mutagenesis. Various vectors, such as
viral vectors (adenovirus, adeno-associated virus,
adeno-myoblast, and retrovirus) and nonviral
vectors (naked DNA, plasmid DNA, liposomes, and
myoblast-mediated), have been used to date for the
transfer of genetic material to the target cell or tissue

[10]. Each has advantages and disadvantages with
regards to their safety, efficiency, and immunogenic-
ity (Fig. 10.2).

The essential component of the mechanism for
penile erection is cavernosal smooth muscle relax-
ation. Therefore all molecules and enzyme systems
that are involved in signal transduction for either
relaxing or inhibiting contraction of corporal smooth
muscle are potential targets for gene therapy to 
the penis. Many research centers have conducted or
are conducting studies to exploit this recognized
mechanism (Table 10.1).

Gene therapy can be divided into two simplistic
strategies:
1 Increase the supply of stimulus, by increasing the
expression of endogenous vasomodulators.
2 Alter the demand, such that the end organ or
receptor becomes more sensitive to relaxatory
stimuli. Therefore, gene therapy restores the normal

Regulation of resistance
Neural, humoral, and local factors

Vasoconstrictors Vasodilators

Vascular
balance

RhoA/Rho-kinase
Ions: Ca2+

NE
ET-1
ANG II
TXA2

NO
Ach
Ions: K+

CGRP
VIP
BK
EDRF
Prostaglandins

Fig. 10.1 Balance between vasoconstrictors and vasodila-
tors determine penile vascular smooth muscle tone.

Table 10.1 Potential applications of gene therapy for ED.

Plasmid or naked DNA
• hSlo (maxi-K channel)*
• pnNOS

Viral mediated gene transfer
• iNOS
• eNOS
• pnNOS
• Anti-PIN
• BDNF
• VEGF
• Anti-Arginase
• EC-SOD
• CGRP
• T19NRhoA

Proteins
• VEGF
• bFGF
• BDNF
• IGF & growth hormone

Cell-based
• Endothelial Cell
• Adeno-Myoblast iNOS

* Initiated FDA -approved Phase I clinical trial.
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balance between contracting and relaxing stimuli to
the cavernosal smooth muscle.
Since the first preclinical study in an in vivo rat model
using iNOS [11], a variety of gene therapy trials have
been conducted for the treatment of ED. Because of
its significant role in the physiology of normal erec-
tile function, many gene therapy studies have
focused on the NO/GC/cGMP pathway. The
rationale for this target is that overexpression of
important endogenous cavernosal smooth muscle
relaxants and vasodilators could assist with the
diminished erectile response, as witnessed in men
suffering from ED. Follow-up approaches suggest
other means of genetic manipulation: nerve and vas-
cular growth factors, (e.g. brain-derivated nerve
growth factor [BDNF], vascular endothelial growth
factor [VEGF]), the cyclic adenosine monophos-
phate (cAMP) cascade (i.e. calcitonin gene-related
peptide [CGRP] receptor), the calcium sensitization
pathway, and K+ channel gene expression (a cellular
convergence point for mediating the effects of all of
the above).

Cell-Based Approaches and ED

One of the most important recent discoveries in
biomedical research is that stem cells are found in
many tissues of adults that can provide new cells 
for normal tissue turnover and can regenerate
damaged and diseased tissue [12]. Marrow stromal
cells (mesenchymal stem cells) are adult stem cells
from bone marrow that have multilineage differenti-
ation potential and contribute to the regeneration of
mesenchymal tissues, including bone, cartilage,
muscle, and fat [13]. As marrow stromal cells are rel-
atively easy to isolate, expand ex vivo, and gene engi-
neer, genetically modified marrow stromal cells with
desired genes have recently been used for gene deliv-
ery and tissue regeneration in the treatment of
various diseases, including ED, with little or no host
immune response [14].

Another potential application for ED is the (re)-
implantation of genetically modified cells into the
corpus cavernosum. The aim is to seed the corpora
cavernosa with cells having desired, genetically

Viral

Vectors

Nonviral 

AV RVAAV 

• High efficiency 
• Infects dividing / 
nondividing cells 
• Transient 
expression 
• Immunogenic 

• High efficiency 
• Insertion of small 
DNA segments 
• Transient 
expression 
• Immunogenic 

• Stable long-term 
expression 
• High efficiency 
• Requires 
dividing cells 
• Insertion 
mutagenesis 

Naked DNA Liposomes 

• Extremely safe 
•Insertion of large 
DNA segments 
• Low efficiency 

• Increased 
efficiency 
compared to naked DNA 
• Transient 
efficiency 

Fig. 10.2 Advantages and disadvantages of viral and nonviral vectors employed in gene therapy.
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modified physiologic characteristics. Endothelial
cells have the ability to adhere and self-aggregate
once they are transplanted into another organ, such
as the penis [15]. Wessels et al. first demonstrated
that autologous endothelial cells could be trans-
planted into the corpus cavernosum, and undergo
cell adherence and persistence in the cavernosal
sinusoids for up to two weeks and eventually
become part of the sinusoidal lining of the penis [16].
This is the basis for the rationale of cell-based gene
therapy for the treatment of ED. Studies have docu-
mented that muscle cell-mediated gene therapy was
even more efficacious in delivering iNOS into the
corpus cavernosum [17]. Transplanted cells are of
considerable interest, and future studies using
marker genes and functional transgenes will further
our knowledge about the survival, replication, and
function of endothelial cells within the corpus
cavernosum.

Current Status of Human Erectile
Dysfunction Therapy Trials

Because of limitations of current ED therapies, there
is a clinical demand and a scientific interest in gene
transfer therapy for ED. The safety and efficacy of
many of the vectors used to allow for delivery of the
gene of interest is of paramount importance to the
regulatory bodies. These concerns, for the most part,
have limited the widespread application and pro-
gress in the field of gene therapy for ED. (Table 10.2).

At the time of writing, there is only one ongoing
human clinical trial of gene transfer for the treat-
ment of ED [18]. The group from Albert Einstein in
New York City has exploited the mechanism of
action of ion channels over the last decade.

Unlike gene transfer therapy for cancer, where
100% of the cells must be affected, only a small per-
centage of cells in the corpora need to be transfected
with the gene of interest in order to obtain the
desired erectile response. Because of gap junctions, a
small stimulus can be rapidly propagated from cell to
cell in a collective syncytial response. This has rele-
vance in a number of clinical situations (e.g. radical
prostatectomy and diabetes mellitus) where the
neural signaling may be impaired, but the local
cavernous response may be intact.

The vector that meets both efficacy and FDA safety
requirements is the maxi-K methodology. Though
naked DNA has poor transduction efficiency, only a
small amount is needed for obtaining the required
response. Additionally, naked DNA does not cause
an allergic or immune response as witnessed with
viral vectors, and it is not integrated into host
chromosomes.

The preclinical evidence employing the maxi-K
vector injected intracavernosally as naked DNA has
demonstrated efficacy and long duration of action in
both diabetic and aging rat model experiments
[19,20,21].

The USFDA approved a human trial studying 
hSlo maxi-K under an investigational application in
August 2003. A phase I sequential dosing trial was
initiated in early 2004 and enrollment has proceeded
slowly, mainly because of the unknown issues of
gene therapy.

A total of 15 men were screened for this trial and
the preliminary results after transfer in six men at
two dose levels was recently published [18]. At this
time, three dose levels (500, 1000, and 5000mg)
were administered into three groups of men each
[22]. Preliminary data has revealed no gene trans-
fer-related serious adverse events in any of the trial
participants. There has been no evidence of trans-
fer of any hSlo maxi-K into the semen as measured
by polymerase chain reaction analysis (an impor-

Table 10.2 Gene therapy approaches for the treatment of
erectile dysfunction.

Supply side Increase NO
eNOS
nNOS
Superoxide dismutase

Increase nerve supply
BDNF

Increase vascular supply
VEGF

Increase CGRP

Demand side Decrease amount of stimulus required for 
relaxation
Alter potassium/calcium channels
(via hSlo)
Alter calcium sensitization (via RhoA)
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tant requirement by the FDA). In the first two
groups of 500 and 1000mg (suboptimal dosing as
per comparative rat model studies where 10–20-
times higher doses were safely used for efficacy),
there was no evidence of efficacy as determined by
the international index of erectile function (IIEF)
and Rigiscan data. However, in the third group
(5,000mg), one participant reported significant im-
provement as per Q3 and Q4 of the IIEF at three
months after transfer. This benefit has been cor-
roborated by his partner. These investigators plan
sequential instillations at two higher doses in the
near future. The efficacy and safety of this first gene
transfer study will undoubtedly direct future re-
search efforts in the field of gene therapy for ED in
the years to come.

Conclusion

The past decade has seen an explosion of informa-
tion regarding the physiology, pathophysiology, and
pharmacology of the erectile mechanism. Creative
research in the coming decades will stimulate new
applications in tissue engineering that will comple-
ment our surgical reconstructive endeavors. The
introduction of gene- and cell-based therapies for 
the treatment of ED will attract more scientific and
media attention. Though one may simplistically
codify a number of current gene-based approaches
(Table 10.3), only time and data generated from
human controlled trials will provide the answers.

References

1 Schultheiss D. Regenerative medicine in andrology:

Tissue engineering and gene therapy as potential treat-

ment options for penile deformation and erectile dys-

function. Eur Urol 2004;46:162.

2 Kwon GK, Yoo JJ, Atala A. Autologous penile corpora

cavernous replacement using tissue engineering tech-

niques. J Urol 2002;168:1754.

3 Atala A. Tissue engineering applications for erectile dys-

function. Int J Impot Res 1999;11 (Suppl 1):S41.

4 Falke G, Yoo JJ, Machado MG, Moreland R, Atala, A.

Formation of corporal tissue architecture in vivo 

using human cavernosal muscle and endothelial cells 

seeded on collagen matrices. Tissue Eng 2003;9:871–

879.

5 Kershen R, Yoo JJ, Moreland RB, Krane RJ, Atala A.

Novel system for the formation of reconstitution of

human corpus cavernosum smooth muscle tissue in

vivo. Tissue Eng 2002;8:515.

6 Scollay R. Gene therapy: a brief overview of the past,

present, and future. Ann N Y Acad Sci 2001;953:26.

7 Ferber D. Gene therapy. Safer and virus-free? Science

2001;294:1638.

8 Azadzoi KM, Kim N, Brown ML, Goldstein I, Cohen 

RA, Saenz de Tejada I. Endothelium-derived nitric

oxide and cyclooxygenase products modulate corpus

cavernosum smooth muscle tone. J Urol 1992;

147:220.

9 Lerner SE, Melman A, Christ GJ. A review of erectile

dysfunction: new insights and more questions. J Urol

1993;149:1246.

10 Bivalacqua TJ, Hellstrom WJ. Potential application of

gene therapy for the treatment of erectile dysfunction. J

Androl 2001;22:183.

11 Garban H, Marquez D, Magee T, Moody J, Rajavashisht

T, Rodriguez JA, Hung A, Vernet D, Rajfer J, Gonzalez-

Cadavid NF. Cloning of rat and human inducible penile

nitric oxide synthase. Application for gene therapy of

erectile dysfunction. Biol Reprod 1997;56:954.

12 Gerlach JC, Zeilinger K. Adult stem cell

technology–prospects for cell based therapy in regener-

ative medicine. Int J Artif Organs 2002;25:83.

13 Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,

Douglas R, Mosca JD, Moorman MA, Simonetti DW,

Craig S, Marshak DR. Multilineage potential of adult

human mesenchymal stem cells. Science 1999;

284:143.

14 Van Damme A, Vanden Driessche T, Collen D, Chuah

MK. Bone marrow stromal cells as targets for gene

therapy. Curr Gene Ther 2002;2:195.

15 Stopeck AT, Vahedian M, Williams SK: Transfer and

expression of the interferon gamma gene in human

endothelial cells inhibits vascular smooth muscle cell

growth in vitro. Cell Transplant 1997;6:1.

Table 10.3 Gene therapy approaches for the treatment of
erectile dysfunction.

• NO/cGMP System
• Ion Channels and Gap Junctions
• Control of Oxidative Stress
• Growth Factors
• RhoA/Rho kinase System
• Stem Cells

SPS10  8/1/06  11:24 AM  Page 119



120 Chapter 10

16 Wessells H, Williams SK. Endothelial cell transplanta-

tion into the corpus cavernosum: moving towards cell-

based gene therapy. J Urol 1999;162:2162.

17 Tirney S, Mattes CE, Yoshimura N, et al. Nitric oxide

synthase gene therapy for erectile dysfunction: com-

parison of plasmid, adenovirus, and adenovirus-

transduced myoblast vectors. Mol Urol 2001;5:37.

18 Melman A, Bar-Chama N, McCullough A, Davies K,

Christ G. The first human trial for gene transfer therapy

for the treatment of erectile dysfunction: Preliminary

Results. Eur Urol 2005;48:314–318.

19 Christ GH, Rehman J, Day N, et al. Intracorporal injec-

tion of hSlo cDNA in rats produced physiologically

relevant alterations in penile function. Am J Physiol

1998;275 (2 pt 2): H600–8.

20 Melman A, Zhao W, Dzvies KP, Bakal PR, Christ GH. The

successful long-term treatment of age related erectile

dysfunction with hSlo cDNA in rata in vivo. J Urol

2003;170(1):285–290.

21 Christ GJ: Gene therapy treatments for erectile and

bladder dysfunction. Curr Urol Rep 2004;5(1):52–60.

22 Melman A. Personal communication, August 2005.

SPS10  8/1/06  11:24 AM  Page 120



History

The concept of vacuum device therapy in the treat-
ment of erectile dysfunction (ED) goes back as early
as 1874 when the American physician John King
described a method of improving erections by a small
vacuum pump. The first patent for a vacuum device
was granted in 1914 in Germany and 1917 in US to
Otto Lederer. In 1960 the American entrepreneur
Geddings Osbon started to produce a vacuum device
and founded his own company for manufacturing
the device he had invented. Finally in 1982 he was
granted permission from the Food and Drug Admin-
istration to produce this device, which was named
Erec-Aid® [1]. Nadig et al. published the first report
on efficacy and safety of vacuum constriction devices
(VCD) in 1986 [2].

Indications for Treatment of 
Erectile Dysfunction with VCD

Compared to other therapeutic options for ED the
major advantage of VCD is that it can be applied suc-
cessfully for nearly all etiologies of ED [2]; but its
success clearly depends on adequate instruction [3].

After the launch of the phosphodiesterase type 5
inhibitors, the first effective oral treatment for broad
spectrum ED populations, VCD became a second-
line therapy along with intracavernosal self-
injection and intraurethral therapy with vasoactive
substances [4]. VCD may be offered mainly to elderly
patients with occasional intercourse attempts, as
younger patients show limited acceptance because

of its mechanism resulting in a more unnaturally
perceived erection [5]. On the other hand there may
be couples preferring VCD, as was reported by Chen
et al., with one-third of men, who had been success-
fully treated with VCD and who had tried sildenafil
with satisfactory erections, finally opting for VCD
[6].

Vacuum therapy may also be used in conjunction
with other therapies to enhance results. So, for
example, the addition of 100mg sildenafil with VCD
improved sexual satisfaction and penile rigidity in
patients unsatisfied with VCD alone, after radical
prostatectomy [7]. Combination treatment of psy-
chotherapy and VCD showed greater beneficial res-
ponse in men with ED than either therapy alone [8].

Technique of VCD (Fig. 11.1a, 11.1b)

Nearly all commercially available vacuum devices
share a common mechanism of action: a plastic cylin-
der, whose lower edge is made airtight with the appli-
cation of a lubricant gel, is applied over the penis in a
standing position and then firmly pressed against the
body (see Fig.11.1a). Then a vacuum is created man-
ually via a pump that is either separately connected to
the cylinder with a tube or is directly integrated in the
distal end (top) of the cylinder and is then battery
operated (see Figs 11.1a, 11.1b). The erection
obtained with VCD is not a natural-like erection. 
The vacuum pressure passively draws blood into the
sinusoidal spaces of the cavernous bodies of the
penis, whose diameters double after negative
pressure distension, but with maintenance of the
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cavernous artery flow [9]. Once an adequately rigid
erection has been achieved a rubber constriction
ring, previously rolled onto the cylinder prior to the
vacuum maneuver, is now rolled off the base of 
the penis preventing the escape of the artificially
entrapped blood. The application of the constriction
ring should be limited for up to 30 minutes to avoid
ischemic damages of the cavernosal tissue. Some-
times two constriction rings must be applied to main-
tain a rigid erection. Vacuum pressures between 
100mm Hg and 225mm Hg is necessary to achieve
erection [10]. Compared to naturally occurring erec-
tions, VCD -derived erections are perceived differ-
ently by both the men and their partners. Because the
constriction ring can be applied only to the base of the
penis, the proximal third of the cavernous bodies, i.e.
the crura, are not involved in VCD erections. This
non-involvement of the crura penis in VCD-induced
erection causes some degree of instability at the
penis’ base, quite often requiring manual assistance
while inserting the penis into the vagina. Due to the
passively entrapped venous blood, the VCD-erected
penis looks more cyanotic, is perceived to be much
cooler, and not always enjoyed by the partners, in
addition to the increased glans volume [11].

Results of VCD therapy (Table 11.1)

Among the available literature on VCD publications,

most series are reporting on the outcome of the
Osbon VCD devices (Osbon Erec-Aid®) and its suc-
cessor (Osbon Esteem®), and only few smaller series
are published with the devices of other manufactur-
ers such as Innovital System, Post-T, VED, and the
Synergist System.

When analyzing the data of VCD therapy a striking
feature of many published series is the discrepancy
between the numbers of VCD users or men to whom
VCD was prescribed, respectively, and those finally
being eligible for assessment. So, for example, in the
large series as published by Witherington [13] and
Lewis [11], only 10–17% of all VCD owners were
considered or eligible, respectively, for evaluation of
the outcome, which is in marked contrast to all other
ED therapies such as oral therapy, self-injection
therapy, or even penile implants. In these series, in
which a majority of primarily recruited patients 
were eligible, 40–60% failed to continue with VCD
therapy [18,19,21]. The generally low acceptance of
VCD therapy was shown in the series of Graham 
et al; among 1236 new ED patients who were subject
to all diagnostic work-up and to whom all therapeu-
tic modalities available at that time were offered to
only 323 (27%), requested a two-week trial period
and only 74 (6% of the total population) finally went
for a VCD prescription [20]. In a German VCD series
it was obvious that the acceptance rate of VCD was
markedly higher in non-responders to pharma-

(a) (b)

Fig. 11.1 Technique of vacuum device
therapy (the conventional “two-piece”
Osbon Erec-Aid® system).
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cotherapy compared to responders (45% vs. 22%)
[15].

Contraindications

Contraindications in the use of vacuum therapy are
few and primarily include patients with a tendency
for spontaneous priapisms/prolonged erections
[11]. Originally, bleeding disorders were considered
a contraindication [11], but a prospective trial
showed that the adverse effects of vacuum therapy,
especially hematoma and petechiae, in patients on
warfarin, did not exceed those observed in the
general urologic population [23]. In addition VCD
therapy is contraindicated in severe penile anom-
alies, especially in marked penile deviations—either
congenital or acquired—as a consequence of
Peyronie’s disease.

Complications

Side effects such as occasional numbness, pain,

penile bruising, or petechiae, are the most common
complications of VCD. Painful ejaculation, due to 
the constriction ring, has been commonly reported
[11,13]. As mentioned, although VCD are able to
give sufficient penile rigidity in the majority of
patients, vaginal penetration can be impaired
because of the instability of the phallus at the penis
base, and ejaculation is achieved in less than two-
thirds of men due to the fact that passage through the
urethra is blocked by the constriction ring [11]. In
addition, satisfaction with sexual intercourse may be
impaired because the whole situation may not be
accompanied by a subjective state of physical or
mental sexual arousal. Thus, the mere physical pres-
ence of an erection does not seem to evoke bodily or
mental feelings of sexual arousal, especially in the
partners [24].

Rarely, the use of VCD has been associated with
Peyronie’s disease [25]. In a prospective trial the use
of VCD for spinal cord-injured men with erectile
dysfunction did not increase the risk of adverse
events [26]. Other anecdotal complications linked to 

Table 11.1 Overview of the literature on VCD therapy outcome.

Mean age Follow-up
Author Device N Evaluable (years) (months) Satisfaction

Nadig[12] 1987 Osbon 302 81% (244) ? up to 72 83%
ErecAid

Witherington[17] 1989 Osbon 15,000 10% (1517) 64 8.6 92% good
ErecAid erections

Blackard[14] 1993 Osbon 47 96% (45) ? ? 42%
ErecAid

Derouet[15] 1993 Osbon 90 100% 32–75 ? 37%
ErecAid

Baltaci[16] 1995 Osbon 61 80% (49) ? 12.8 67%
ErecAid

Lewis[11] 1997 Osbon 34,777 17% (5847) ? 1974–1992 65–83%
ErecAid

Meinhardt[17] 1993 Post-T 74 100% 55 3 weeks 30%
VED

Fedel[18] 1995 Innovital 100 40% 52.4 6 90%
Cookson[19] 1993 ? 216 53% (115) 65 29 84%
Graham[20] 1998 ? 323 100% 61 2 weeks 23%
Droupy[21] 1998 ? 53 (RRP) 55% (29) 66.5 27 52%
Opsomer[22] 1998 ? 170 ? 66 48 55%
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VCD were skin necrosis and urethral bleeding [27].
Sometimes, continuous use of VCD may result 
in hyperpigmentation of the penile skin due to
repeated skin bruising, with subsequent hemo-
siderin deposition. It is important to advise patients
to use only prescription devices. Others devices have
no pressure control or safety valves to release the
pressure, which can increase the rate and severity of
complications [25].

Acceptance, Long-term Use and
Drop-out Rates of VCD

Although VCD therapy is able to produce erections
sufficient for sexual intercourse in more than 75% of
users [29], the main reasons for discontinuation of
VCD therapy were ineffectiveness, side effects, the
time-consuming nature of the procedure, lack of
acceptance by patient and partner, and the relatively
high costs of the devices [28]. Once VCD turned out
to be effective, significant increase in frequency of
intercourse, sexual arousal, coital orgasm and sexual
satisfaction was reported by patients’ partners [30].

In a minority of patients (8–16%) the continuing
use of VCD therapy may result in recovery of sponta-
neous erections [11,16,18,19,21].

Present Role of VCD in the Era of
Oral Pharmacotherapy

Treatment of ED with the vacuum constriction
devices should be utilized as an alternative to intra-
cavernous drug-induced erection therapy when oral
therapy fails or is contraindicated. Elderly males
with a stable partner are the main indication for this
therapy [31.32].

Its main advantage is that almost every case,
regardless of the underlying ED etiology, may be
managed successfully with VCD, regarding the
establishment of an erection [29]. Efficacy depends
on correct individual instruction and it needs at least
two teaching sessions for patient learning [11,33].

Although VCD therapy is presently not considered
a first-line treatment, it is used in many countries
worldwide [3]. The successful use of VCD was
repeatedly reported in patients after removal of
penile prostheses, to prevent penile scarring and

shortening [30,31]. Chronic intermittent stretching
with a vacuum erection device was used in a small
trial to lengthening shortened penises caused by
severe Peyronie’s disease, after venous grafting [36].

Moreover, as mentioned before, VCD may be 
used successfully in conjunction with self-injection
therapy, and may add to its efficacy [37,38].
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Introduction and History

It was probably Leonardo Da Vinci who first recog-
nized the importance of blood supply for penile erec-
tion [1]. In 1923 the French surgeon Leriche first
described arterial vascular impotence in the syn-
drome of thrombotic obliteration of the aortic bifur-
cation [2,3]. During the following years several
operative strategies were developed to save or recon-
struct the internal iliac artery during abdominal
vascular surgery for the purpose of maintaining or
restoring erectile function [4].

It was in 1973 that the Czech surgeon Vaclav
Michal performed direct anastomosis of the inferior
epigastric artery to the cavernous body. This original
penile revascularization technique has been named
the Michal I procedure [5]. During the following
years, many modifications of penile revasculariza-
tion, all using the inferior epigastric artery (IEA) as
the donor vessel were developed. Direct anasto-
moses to corpus cavernosum were soon abandoned
and refined microsurgical techniques made it techni-
cally possible to anastomose the IEA to the dorsal
penile vessels (arteria dorsalis penis, vena dorsalis
penis). These techniques were developed in the
1970s and 1980s. Despite the passage of many years,
no further important technical change has occurred
in the field of penile revascularization and still no

consensus exists concerning the value of penile
revascularization.

The same problem exists for venous surgery in the
treatment of erectile dysfunction (ED). The idea that
pathologic venous outflow from the corpora during
sexual excitement may cause ED was initiated some
140 years ago when the Italian dermatologist Parona
published the first report on percutaneous scarifica-
tion of the dorsal penile vein in ED believed to be of
venogenic origin [6].

At the turn of the 20th century, surgical venous
ligation or resection was practiced by several sur-
geons [7]. Crural plication techniques for so-called
proximal penile venous leakage were developed by
Lowsley. In 1953 he published a series of more than
1000 patients in whom he performed this proce-
dure [8]. With the new possibilities for investiga-
tion of vasculogenic ED after the introduction of
drug-induced erection, these venous ligation and
resection procedures were reintroduced into the
therapy of ED in the 1980s. The surgical procedure
over time has been expanded from simple deep
dorsal vein ligation to extensive surgical exposure
and excision, ligation or crural plication, and spon-
giolysis between the glans and corpora alone, or in
combination [9]. At the same time, antegrade or
retrograde embolization with microcoils, sclerosing
agents, or cyanocrylate, was reported as a less in-
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vasive radiologic procedure, which could be used
alone, or in combination with open operative pro-
cedures [4]. Even arterialization of the deep dorsal
penile vein was used for the therapy of venogenic
impotence [10].

All these procedures for venous ligation or resec-
tion were developed more than 15 years ago. Suffi-
cient time for long-term follow up assessment has
passed and we are still confronted with contradictory
results. Indications, surgical technique, and prog-
nostic criteria are not clearly defined, and are still
debated in the literature [4].

Penile Revascularization Procedures

Rationale and technical considerations
The simplest approach to penile revascularization is
a direct anastomosis of an arterial donor vessel to the
corpus cavernosum. But, with this approach most
patients develop high-flow priapism in the early
postoperative phase, followed by fibrosis of caver-
nous tissue due to the supraphysiologic intracaver-
nous pressure. Even a venous interposition graft
between the femoral artery and cavernous body
does not solve this dilemma [2].

Several authors have reported on an end-to-side
anastomosis between the IEA and the deep caver-

nous artery. Theoretically this approach is the most
direct way to improve intracorporal blood supply,
but long-term results of this operation are not satis-
factory, because the cavernous artery is so small that
the microsurgical anastomosis between it and the
IEA is prone to thrombosis. In addition, intensive
intracorporal scarring often resulted from the opera-
tive procedure [1,2]. In the face of these difficulties,
it became obvious that anastomoses of the IEA had to
be performed to recipient vessels outside the corpora
cavernosa.

Currently, three principal surgical approaches for
penile revascularization are in clinical use (Fig.
12.1). These are:
1 Anastomosis of the IEA to the dorsal penile arter-
ies (end-to-end or end-to-side)
2 Anastomosis of the IEA to the deep dorsal vein and
deep dorsal artery (arterio-venous shunt)
3 Anastomosis of the IEA to the deep dorsal 
vein with additional proximal and/or distal vein 
ligation.

1. After the Michal I procedure was abandoned,
direct anastomoses of the IEA to the dorsal penile
artery (DPA) was proposed. This has been called the
Michal II operation. This was a logical step because
the cavernosal artery is a branch of the DPA. Most
stenoses of the common penile artery due to trauma

Inguinal
ligament

Michal II Deep dorsal vein arterialization
(Virag/Furlow–Knoll)

Hauri procedure

Lobelenz procedure

Inferior
epigastric

artery

Epigastric artery or
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Dorsal
penile
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Dorsal
vein
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Fig. 12.1 Three principal surgical approaches for penile revascularization in clinical use.
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or arteriosclerosis occur proximal to its bifurcation
into cavernosal and dorsal artery. Only a small
cohort of six patients have been re-evaluated by
angiography after a Michal II procedure. This small
study showed improved perfusion of cavernosal and
helicine arteries [53].

The Michal II procedure probably works best in
young patients with post-traumatic arteriogenic
erectile dysfunction. In patients with systemic arte-
riosclerotic disease, arterial run-off is limited by mul-
tiple peripheral stenoses, and low flow rates will lead
to early anastomotic thrombosis. As most candidates
for revascularization procedures have systemic arte-
riosclerosis, an alternative to pure arterio–arterial
bypasses was needed [15].

2. In 1986, Hauri published the results of an
arterio–arterial anastomosis of the IEA to the dorsal
artery including the deep dorsal vein into the anasto-
mosis. The “triple anastomosis” permits an addi-
tional arterio–venous shunt with good arterial
run-off and high flow rates [12]. This type of anasto-
mosis was later modified by Löbelenz and published
in 1992 [13]. Lobelenz preferred a simple end-to-
side anastomosis between donor vessel and deep
dorsal vein, and added two end-to-side anastomoses
of the interrupted dorsal artery to the arterialized
deep dorsal vein (see Fig. 12.1). The inclusion of the
deep dorsal vein as a shunt vessel theoretically
improves neo-arterial run-off, enabling the surgeon
to apply penile revascularization to patients with
systemic arteriosclerotic lesions or to patients with
uncertain peripheral arterial conditions. Follow-up
examinations have revealed patency rates with this
operation of more than 75% [4,21]. However, the
only experimental study on postoperative flow char-
acteristics in the animal model did not detect neo-
arterial flow in the dorsal arteries included in the
anastomoses. All of the neoarterial run-off went into
the venous system [14].

3. The idea of pure venous arterialization of the
deep dorsal vein was first published by Virag in 1980
[16]. Virag developed various modifications of his
original technique (Virag I–VI). The modifications
involve distal and proximal ligation of the arterial-
ized vein or creation of a window between vein and
corpus cavernosum (Virag V–VI). The Virag proce-
dures have been further modified by other authors

[17,18,19] (see Fig. 12.1). These further modifica-
tions involve ligation of circumflex and emissary col-
laterals or destruction of valves in the dorsal vein.
The rationale of all these procedures is to create ret-
rograde filling of the corpora with arterial blood
through emissary veins. At the same time, venous
outflow is reduced, making these techniques theo-
retically applicable to patients with arteriogenic,
venogenic and mixed arteriogenic and venogenic
erectile dysfunction [17]. However, there is no study
in peer-reviewed journals, which objectively
demonstrates enhanced arterial inflow into the
corpora with these procedures [4,20,21,22,23]. In
the animal model, an intracorporal pressure rise
could only be shown only after creation of an artifi-
cial window between the arterialized dorsal vein and
the corpus cavernosum [14].

Results of penile revascularization
The literature on results of penile revascularization
has been summarized for several consensus meet-
ings on ED. The first relevant consensus statement
was extracted from the consensus conference on
ED at the National Institutes of Health (NIH) in
1993 [35]. This review evaluated 34 studies with
more than 1700 patients, which were detailed in
two further publications [20,21]. Reported success
rates were found to range between 33 and 100%,
with a median of 72%. Only seven studies included
objective follow-up parameters. It was concluded
that only highly selected patients may benefit from
these operations, which should only be performed
in an investigational setting in specialized centers.
In 1996 the ED Guideline Committee of the AUA
stated: “For venous and arterial surgery, the
measures of success are nonstandardized and
unpredictable” [36]. The 2005 AUA ED guideline
recommends that: “Arterial reconstruction is a
treatment option only in healthy individuals with
recently-acquired erectile dysfunction secondary 
to a focal arterial occlusion and in the absence 
of any evidence of generalized vascular disease”
(http://auanet.org/timssnet/products/guidelines/
main_reports/edmgmt/chapter1.pdf). During the
Second International Consultation on Erectile and
Sexual Dysfunction in 2003 a Medline® based
literature research on penile revascularization of
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Table 12.1 Outcome data table for penile revascularization from 1996–2005 [4].

Follow- % % Over
No up month Success Success all

Study Pts Procedure Age (Range) (Unassisted) (Assisted) Intercourse Notes

Jarow 11 Dorsal n/a 50 (12–84) 64% 28% 92% 10/11
1996 Artery patent

DDVA 9

DePalma 12 Dorsal n/a 33 (12–48) 27% n/a n/a —

1997 Artery

DePalma 12 DDVA (F-F) n/a 35 (12–84) 33% 47% 90% —

1997

Lukkarinen 24 V5 6 n/a n/a 46% 33% 77% No
1997 Hauri 4 difference in

F-F 14 outcomes
by age at
operation 

Manning 62 Virag 7 48 (19–70) 41 (18–72) 34% 20% 54% Patency:
1998 Hauri 55 92%

Manning 42 DDVA n/a n/a 31% 26% 57 5 <50 years. 83%
1998 (Mannheim) success

Kawanishi 18 Dorsal art. 1 33 32 (4–80) 94% 0% 04% 17/19
2000 Hauri 5 (18 > 50 patent

F-F 13 yo)

Sarramon 114 Dorsal art. 47.5 17 (1–20) 48% 15% 63% No diff.in
1997 44 (20–74) outcome by

DDVA 70 procedure
(p = 0.064)

Sarramon 38 DDVA 52 61 25% n/a n/a 28%
2001 (F-F) (IIEF EF > 26) IIEF: 22–25

Vardi 61 n/a 20–50 60 (24– 48% n/a n/a CVOD
2002 120) success: 64%

Art. Dx.
success: 44%

Kawanishi 51 Hauri proc. 21–49 36–60 n/a n/a 85.9% No
2004 26 (3 years) difference

Furlow 65.5% between
(Virag5) 23 (5 years) techniques
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Venous ligation procedures: rationale and
technical considerations
The previous terms venous leakage, venous vasculo-
genic dysfunction or venogenic ED have been
replaced by the more precise term CVOD [11]. CVOD
may be due to structural alterations in the corporal
smooth muscle, trabecular framework or tunica
albuginea. The location and degree of venous
leakage is variable and can occur anywhere along the
tunica albuginea of the corpus cavernosum. Hyperc-
holesterolemia and arterosclerotic-induced ische-
mia can be associated with alterations in the
fibroelastic components of the trabeculae [24]. A
strong correlation has been demonstrated between
measures of cavernosal venous leakage and trabecu-
lar smooth muscle content [25].

In addition, congenital anomalies and post-
traumatic changes in the tunica albuginea can
produce localized venous leakage [26,50]. Localiza-
tion and severity of veno-occlusive dysfunction may
be determined by invasive dynamic intracavernosal
cavernosometry and cavernosography (DICC) [27].
A less invasive screening test for patients with sus-
pected CVOD is color-coded duplex sonography of
the penile vessels with artificial erection stimulated
by intracavernous injection of vaso-active drugs
such as alprostadil or papaverine. Duplex sonogra-
phy should be considered prior to DICC [28].

Ligating or resecting penile veins is symptomatic
treatment but does not cure the underlying disease.
Most methods of penile venous surgery were
invented before basic research defined the patho-
physiologic mechanisms of CVOD. The extensive
collateral venous drainage of the penis is probably a
major reason that these surgical procedures fail [29].
With respect to the disappointing long-term results
of venous ligation and resection procedures dis-
cussed later in this chapter, these operations are no
longer recommended by several panels [4,30] and
authors [31,32]. Nevertheless, better preoperative
selection of young patients with rare congenital or
post-traumatic isolated crural leakage, and the use of
more sophisticated operative techniques for crural
ligation or banding, may offer better long-term
results in the future [50].

On the other hand, the concept of deep dorsal vein
arterialization is still appealing for the treatment of

the literature from 1993 to 2003 was evaluated [4].
Eight studies were selected for evaluation (see
Table 12.1). In Table 12.1 one further study, which
appeared in 2004, is included [38].

The goal of an invasive vascular procedure for ED
is to provide a durable and satisfying spontaneous
erection with sexual stimulation without relying on
pharmacologic augmentation. Using these strict cri-
teria, success in these studies ranged from 27 to 94%
for all procedures with no identified difference in
success among the different techniques [4].

The best instrument for evaluating subjective
success is the international index for erectile func-
tion (IIEF). This instrument has only been used in
one study [34] and only for the postoperative evalu-
ation. The IIEF was not administered to patients
before surgery in this study.

In view of these data, it is impossible to draw def-
inite conclusions concerning selection criteria for
penile revascularization. If the arterial blood supply
to the penis is impaired by systemic arteriosclerot-
ic disease, no vascular reconstruction is appropri-
ate because there are significant abnormalities in
intracavernous structures [31]. Many authors have
drawn conclusions concerning their own selection
criteria, which are based on their personal experi-
ence. Advanced age (>50 years), smoking and the
presence of severe corporal veno-occlusive dys-
function (CVOD) have been identified to have a
signifi-cant negative impact on postoperative re-
sults [15,16,31,40,41,42]. The ideal candidate for
penile revascularization is a young man with local-
ized interruption of penile arterial supply after
pelvic or straddle trauma, and without concomitant
neural damage. Apart from the fact that these pa-
tients are very rare, the only published multicen-
ter study in such a highly selected subgroup of
patients showed a disappointing success rate of
only 22% [21,43].

Complications of penile revascularization
Complications occur in up to 25% of patients after
penile revascularization [4,37,39]. Glans hyperemia
is the most common complication after these proce-
dures. Inguinal hernia formation and postoperative
hematoma have occurred in up to 25% of patients as
well [4].
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CVOD [10,33,34], because in this operation venous
ligation is combined with improved arterial inflow
into the corpora, producing hypothetical beneficial
effects on damaged intracavernosal tissue [34].

Recently, a new extraperitoneal laparoscopic
approach to venous ligation has been suggested. With
this approach, it is easy to gain access to the deep
dorsal vein complex overlying the anterior prostatic
surface. Suture ligation can be performed quite easily
without damaging the dorsal penile structures.
However, no long-term success data are available for
this new approach to penile venous ligation [54].

Results
As in penile revascularization, the literature on the
results of venous surgery has been repeatedly
reviewed for several consensus meetings. During
the NIH consensus meeting in 1993, it was recom-
mended that penile venous surgery should be used
only in investigational settings in experienced
centers with prospective outcome evaluation [35].
In 1994, a Medline®-based literature research
revealed 30 studies with short-term follow up (<12
months) and a range of subjective success rates be-
tween 10 and 95% (median 62.3%) [21]. Twenty-
two studies were found with long-term follow up
data of more than 12 months. The success rates
ranged from 13 to 74% with a median 41.4%. Only
12 studies compared short and long-term results.
In these studies, the median short-term success rate
dropped from 70 to 37.3% [21]. The AUA guide-
line panel recommendations from 1996 were not
significantly different from the NIH recommen-
dations in 1993 [36]. The updated 2005 AUA ED
guideline recommends: “Surgeries performed with
the intent to limit the venous outflow of the 
penis are not recommended” (http://auanet.org/
timssnet/products/guidelines/main_reports/
edmgmt/chapter1.pdf). During the Second Inter-
national Consultation on Erectile Dysfunction in
Paris 2003, it was concluded that meaningful data
comparison between surgical series is not possible
due to the varying diagnostic criteria, selection cri-
teria, surgical techniques and length of follow-up
and outcome assessment [4]. Six studies with a fol-
low up of more than one year between 1997 and
1999 again showed success rates between 11.2 and

74% [4]. In Table 12.2, three recent studies are
added to the original six studies from reference [4].

Several authors have tried to identify selection cri-
teria, which might produce better results after penile
venous surgery. In one study, only young, non-
smoking patients with mild to moderate CVOD were
selected, excluding those with significant smooth
muscle degeneration and arterial pathology. But
even in these patients success rates dropped to less
than 50% after more than one year of follow up
[4,45,46]. Even extensive ligation and resection
procedures show the same steep decline in success
after longer follow-up [32]. Perhaps there is a spe-
cific subgroup of young, otherwise healthy patients 
with trauma-induced or congenital circumscribed 
veno-occlusive dysfunction who might profit from
venous resection or plication procedures [26,48,50].
However at the present time, the weight of evidence
is that no clear indication for venous surgery can be
identified [4,30]. The weight of evidence against the
value of penile venous surgery is so strong that single
center reports showing excellent long-term results
must be interpreted with caution [47,50].

Venous embolization has the advantage of being
minimally invasive. It also allows immediate proof 
of venous ablation and obstruction [4,49]. Overall
short-term results after venous embolization or abla-
tion show the same range of success between 26 and
73% as open procedures. There is no agreement on
indications and techniques for this approach to the
treatment of CVOD.

Long-term results on laparoscopic suture ligation
of the deep dorsal vein complex are not yet available.
Early follow-up data using IIEF for evaluation of
success reveal promising results in a small patient
group [54].

Venous arterialization of the dorsal penile artery
has been investigated as a treatment for CVOD
[10,34]. In these two studies, the IIEF score was used
for success evaluation but the results must be inter-
preted with caution. In Sarramon’s study, postopera-
tive, but not preoperative, IIEF evaluation was done
in 55% of patients. In Kayigil’s study, only 18% were
evaluable for postoperative controls. Sarramon and
Kayigil reported subjective success rates of 55% and
75%, respectively, but success declined with length
of follow-up.
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Table 12.2 Outcome data of penile venous ligations surgery for CVOD. From [4,32,46,50].

No. of Follow- Success
Study Date pts. Age Technique up Evaluation Outcome

Sasso 1999 23 20–50 Superficial 12 Not specified 74% spontaneous
(mean 41) deep dorsal, months, erections at 12 

Circumflex long- months
and emissary term 55% long-term
vein ligation

Popken 1999 122 19–78 Superficial, 70 Questionnaire 14%
(mean deep and months spontaneous
49) circum-flex erections

vein ligation 19% ICI response

Al Assal 1998 325 18–162 Ligation of DDV, 1–13 Not specified Age < 40
(mean 45) abnormal veins, years years:76%

cavernosal veins, “cured”
cavernosal- Age > 40
spongiosum years: 58%
shunts “cured”

Lukkarinen 1998 21 NA Ligation DDV, >1 yr Patient 29%
+/− cavernosal report “good”
veins 52% ICI-response

Basar 1998 26 NA Venous 25 Not specified 6 months 15%
ligation months complete erection

23% partial
erection

Schultheiss 1997 147 NA DDV ligation NA Patient 11.2% 
report, spontaneous
questionnaire erection

Rahman 2005 11 22–39 Crural 34 IIEF score 80% subjective
(mean ligation months success score from
28) 8.9 to 17.5

(median)

Cakan 2004 134 21–72 Extended 54 Patient report 25.7% 
(mean ligations (no months spontaneous
39) crural vein or PDE5-

ligation) supported
erections

Da Ros 2000 32 23–66 Extended >36 Patient 22%
(mean ligations months report spontaneous
55) (occasionally erections

crural plication)
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Complications
Complications of penile venous surgeries are signifi-
cant and numerous. Wound infections, penile cur-
vature or shortening, skin necrosis, and painful
erection, as well as loss of glans, and shaft sensitivity,
have been reported [4]. A recent report showed a
complication rate of 23.9% in 134 patients [46].
When venous arterialization has been applied to
patients with CVOD, up to 32% of patients have
experienced complications. This includes 8% who
had glans hyperemia [10].

Conclusions

The application of penile revascularization proce-
dures even in highly selected patients performed by
well-trained experienced surgeons results in a vari-
able and unpredictable outcome. The precise mecha-
nism by which these procedures yield their potential
benefit has not been fully elucidated. In the 2005
update of the AUA ED guideline, narrow criteria
were chosen for outcome evaluation. These criteria
were well-circumscribed arterial occlusive disease
without obvious cavernous myopathy. Only four
studies with a total of 50 subjects who fit these crite-
ria could be found in the literature. The panel con-
cluded, that a patient population of 50 is too small to
determine whether arterial reconstructive surgery is effica-
cious or not [30]. This conclusion coincides with the
final recommendation of the Second International
Consultation on Erectile Dysfunction from 2004 [4].

Several tasks for future research in the field 
of penile revascularization can be identified. The
potential mechanisms of improvement in penile
blood supply after venous arterialization are not yet
sufficiently understood. Contradictory and confus-
ing results from human clinical studies, animal expe-
rience and post-mortem studies must be resolved
[14]. A recently developed model for erectile mecha-
nisms could be of help [44]. New modalities like
CT–angiography should be examined for potential
use in detecting hemodynamic changes after penile
revascularization [38]. For subjective success 
evaluation, examiner-independent validated instru-
ments such as the IIEF should be used preoperatively
and postoperatively to achieve evidence-based 
data [4].

The vast majority of patients with CVOD have
intracavernosal myopathy as the underlying cause
of venous leakage [31]. The well-known capacity 
of venous collaterialization after venous resection
may also explain the rapid decline of postoperative
success. Only carefully selected young patients 
with isolated congenital or post-traumatic CVOD,
and without other concomitant pathologies, may
benefit from individualized ligation procedures. 
The same restrictions are valid for percutaneous
embolization techniques and for the application of
venous arterialization procedures in CVOD patients.

After a careful analysis of literature on this subject,
the most recent recommendation of the erectile dys-
function guideline panel of the AUA concluded that
surgeries performed with the intent to limit the venous
outflow of the penis are not recommended [30].

Further research should focus on diagnostic possi-
bilities to differentiate isolated venous leakage 
from systemic intracavernosal disease. Results of
evidence-based medicine meta-analyses in surgery
of the venous system should be integrated in our
future approaches [29]. Basic research on intracor-
poral hemodynamics should be pursued [44,51,
52,53].

For future clinical studies, validated survey instru-
ments such as the IIEF should be administered both
pre- and post-operatively to determine long-term
success [4].
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Introduction and History

Impotence, or in modern terms erectile dysfunction
(ED), has afflicted human males since ancient times,
if not since the very beginning of human existence.
External supports intended to aid the inadequate
erection, a precursor of the modern prosthesis, were
known in the Ancient World. In the Roman theatre,
actors wore oversized cases made of leather or wood,
which were fastened to the actors’ hips to produce
the appearance of a large penis. These external
devices originated in China and Japan. Ambroise
Parée, the famous surgeon of the Renaissance,
designed one of the first exterior penile prostheses. It
was intended for disabled war veterans. Its advan-
tage was to enable the user to micturate in an upright
position. It was also popular with obese men whose
penis was partially covered or totally hidden by pre-
pubic and infra-pubic fat. Another device, dating to
the turn of the 20th century, was a box for support,
which provided the patient with something like 
an erection, the ejaculate being drained off by a
separate tube.

The internal prosthesis is a copy from nature: some
animals are equipped with a penile bone or baculum.
Men whose ED followed trauma or partial penile
amputation were the original target group for this
treatment method. In a pioneering report of 1936,
Bogoras [1] described his technique in a patient after
traumatic penile amputation. Reconstruction was
achieved with the help of a pedicled skin flap, which
was supported by a piece of costal cartilage. If we
believe him, the patient thereafter was able to repro-
duce. Somewhat later in time, Bergmann [2]
implanted costal cartilage between the existing rem-
nants of the proximal cavernous bodies, hiding the
cartilage in a tubed flap. He reported normal micturi-
tion and satisfactory sexual intercourse by four
months postoperatively. Other reports by various
authors followed; however, long-term results of

these techniques were not good. There was a slow
resorption of the cartilage and insufficient rigidity of
the phallus to permit coitus [3]. Therefore, there was
a need for better material. In 1952 Goodwin [4] was
among the first to implant two acrylic rods in the
reconstructed penis after amputation. He published
four case reports, two of which had to be explanted
during a two-year follow-up period because of
patients’ intolerance to the rods. Later on, the acrylic
rods were implanted outside the cavernous bodies
[5] in patients with an intact penis but with ED due to
priapism. Meanwhile, in the 1960s, more and more
patients began to complain of ED and the demand for
a durable penile device grew. In 1966, Beheri [6], 
an Egyptian surgeon, made a major advance in 
the field by using the intracavernosal spaces for
implantation of a penile prosthesis. His pioneering
idea was to implant polyethylene rods, which are
more flexible and can be fashioned to the anatomy 
of the corpora cavernosa, in order to lower the risk 
of perforation that occurred with acrylic material.
Beheri performed 700 implantations; subsequently,
other investigators substituted silicone for poly-
ethylene to reduce the risk of perforation [7,8].
Penile prostheses underwent continual improve-
ment over a period of many years [9–12], with 
eventual improvement in the appearance of tume-
scence and detumescence.

The development of the hydraulic penile 
prosthesis–a far better copy of nature–in 1973 by
Scott [13] represented a landmark in penile pros-
thetics. These new prostheses subsequently under-
went several modifications, but the underlying
principle however remained the same.

Types of Penile Prosthesis

Penile implants are currently available in a variety of
forms, which can be categorized into two major
types: semi-rigid, or inflatable, with a silicon or

Penile Prosthetic Surgery
Michael Sohn and Antonio Martín-Morales
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polyurethane jacket. Details of the available length
and diameters can be found on the websites of the
two manufacturing companies: American Medical
Systems at www.visitams.com; and the Mentor
Corporation at www.mentorcorp.com. When im-
planted into the corpora cavernosa, they can be
manipulated by the patient to fit his needs. The Jonas
implant, produced in Germany, has a silver core and
a silicone covering [12]. A soft silicone implant was
introduced by Subrini. Currently these devices are
manufactured in France and sold under the names
“SSDA” and “Virilis” in many countries [15]. These
implants may be indicated in the presence of residual
spongy erectile tissue, which permits tumescence
and complimentary girth expansion around the
central silicone support.

The only “mechanical” prosthesis on the market is
the Dura II, which has articulating segments of poly-
ethylene held together by a central spring. These
articulating segments are covered by a polytetrafluo-
roethylene sleeve surrounded by a silicone jacket.
The Dura II prosthesis is a product of the American
Medical Systems (AMS). A similar device, called
“Genesis”, with a hydrophilic coating is planned by
the Mentor Corporation. This design provides posi-
tional memory, allowing the prosthesis to remain
concealed when not in use, yet rigid during inter-
course [25]. These semi-rigid implants are cheaper
than inflatable prostheses and easier to implant
because there is no pump or reservoir to place. Semi-
rigid prostheses may be implanted through a
subcoronal, infrapubic or scrotal incision. Local
anesthesia may be used if the corpora cavernosa are
not too fibrotic and their dilatation is expected to be
easy.

Inflatable implants are available in two-piece or
three-piece models. Two-piece implants are made 
by AMS and by the Mentor Corporation. The AMS
Ambicor prosthesis consists of a pair of inflatable
cylinders, which are implanted into the corpora cav-
ernosa, and a pump, which is implanted into the
scrotum. The cylinders and pump are preconnected
during the manufacturing process and the system is
prefilled with sterile saline. To achieve an erection,
the scrotal pump is squeezed and released several
times. This inflates the cylinders by transferring
saline solution from a small reservoir located at the

end of each cylinder into each cylinder shaft. The
newly developed Mentor two-piece penile prosthe-
sis is called the Excel Resist® device. It consists of a
pair of inflatable cylinders, which are implanted into
the corpora cavernosa, and a resi-pump that is
implanted into the scrotum. The cylinders and resi-
pump are preconnected and filled with sterile saline
during the manufacturing process. The volume of
fluid in the reservoirs of both two-piece inflatable
penile prostheses is less than in the reservoir of the
three-piece prostheses. The lesser volume of the
two-piece reservoirs diminishes the difference
between rigidity and flaccidity of these systems,
compared to the three-piece systems.

Three-piece inflatable implants are composed of
two cylinders, a scrotal pump and a reservoir, which
is typically positioned either in the retrovesical space
or within the peritoneal cavity. Three-piece implants
manufactured by AMS are the 700 CX, 700 CXR and
Ultrex devices. The CXR cylinders have a narrow
base and come in shorter lengths than the CX cylin-
ders. CX and CXR cylinders have a three-layer design
consisting of an inner layer of elastic silicone, a
middle layer of woven Dacron–Lycra and an outer
layer of silicone. The inner layer fills with fluid to
provide rigidity, the outer layer allows for capsule
formation around, but not into, the prosthesis, and
the middle layer permits controlled expansion of the
cylinders. The recently introduced parylene coating
of the cylinders diminishes the risk of aneurysmal
dilatation of cylinders. In the CX and CXR cylinders,
the middle layer is woven unidirectionally, permit-
ting girth expansion but not length expansion. It is
commonly agreed that although very satisfactory
results may be obtained in all subsets of patients, the
CX implant is particularly useful for patients with
Peyronie’s disease or any form of severe organic ED.
Patients who have significant scarring of the corpora
cavernosa, e.g. after priapism or with extensive Pey-
ronie’s disease, or having a re-implant after previous
removal of an infected prosthesis, may benefit from
an inflatable implant with narrow cylinders such as
the CXR, which requires dilation of the corpora cav-
ernosa to only 10mm. The only penile prosthesis
that can lengthen with inflation is the AMS Ultrex
prosthesis. This prosthesis also has three layers, but
the middle layer of Dacron–Lycra has a bi-directional
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weave that permits both length and girth expansion
of the cylinders. However, the Ultrex prosthesis is
not appropriate for patients with Peyronie’s disease
because these patients need greater stiffness than is
provided by the Ultrex prosthesis.

Three-piece inflatable implants manufactured by
the Mentor Corporation share a similar design to the
previously described models. The main difference is
that the Mentor implants are made based of an inert
aromatic polyurethane polymer called BioflexTM.
Compared to silicone, BioflexTM has increased abra-
sion resistance and higher tensile strength. An addi-
tional feature of the current Mentor “Titan” or
three-piece inflatable prostheses, is a lockout valve
that reduces the common phenomenon of auto-
inflation of the prosthesis [16]. The lockout valve is
also used in the two-piece Excel Resist® device. The
Titan prostheses are also available in a narrow-base
version, which is best used in patients with severe
fibrosis of the corpora cavernosa, as described above
for the AMS CXR prosthesis.

As infection is the most feared complication 
of penile prosthetic surgery, two- and three-piece
implants specifically modified to reduce this risk
have been recently introduced into clinical practice.
The InhibiZoneTM prostheses by AMS are coated
with a combination of rifampicin and minocycline to
inhibit bacterial growth. In these prostheses, the sur-
faces of the prostheses, which come into contact with
the adjacent tissue, are impregnated with quantifi-
able doses of these antibiotics that elute into the area
surrounding the prosthesis after surgery. Both 
drugs elute initially at high rates, with a significant
decrease in rifampicin after one and minocycline
after seven days. The inhibitory effect of the Inhibi-
ZoneTM treatment is greatest for Staphylococcus epider-
midis and Staphylococcus aureus [17,8].

Mentor has also developed a method to reduce
penile prosthetic infection. This method uses an
intensely hydrophilic coating called ResistTM that 
is applied to the Titan and Excel prostheses. Its
increased lubrication has been shown to decrease
bacterial adherence in vitro. Furthermore this
coating absorbs antibiotics that can elute into sur-
rounding tissues over 24 to 72 hours to further
decrease infection. An antibiotic-soaking solution,
which has been tested both in laboratory experi-

ments and in clinical use, is composed of 2g of gen-
tamycin and 100 000 units of bacitracin in 1000ml of
saline [17,21].

Reduced infection rates have been reported
recently for the AMS InhibiZoneTM and the Mentor
ResistTM products [18,19,20]. The three-piece
implants of AMS and Mentor can be seen with their
coatings in Figure 12.2. The two-piece device of
Mentor is also available with hydrophilic coating,
while the AMS two-piece Ambicor device is not.

Notably, to avoid elution of the coating prior to
implantation, the various components should not be
soaked in saline or other solutions for a prolonged
period. However, conventional parenteral prophy-
lactic antibiotic protocols should be maintained.

Penile prosthesis implantation is a frequent opera-
tion performed worldwide. The implant statistics
over the last years are summarized in Table 12.3.

The introduction of PDE5 inhibitors into the
market in 1998 initially caused a significant drop in
implant rates worldwide, but in more recent years a
constant increase of implants has been noted.
Seventy-five percent of penile implant sales are in
the United States, where 90% of implants are three-
piece and two-piece devices. Outside the United
States 40% of all implants are non-hydraulic devices
[55].

Patient and Implant Selection

It is of critical importance to offer this treatment only
to properly selected patients, and furthermore to

Table 12.3 Implant rates of all manufacturers. (Personal
data with permission of AMS, Germany [22].)

Year Overall USA Europe 

1994 23.280 19.400 3.880
1995 23.760 19.800 3.960
1996 24.360 20.300 4.060
1997 20.760 17.300 3.460
1998 17.640 14.700 2.940
1999 24.960 20.800 4.160
2000 26.600 22.000 4.400
2001 28.800 23.800 5.000
2002 31.100 25.700 5.400
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select the model that best fits the patient’s needs and
anatomy. Patients who are eligible for a penile
implant should be assessed with a detailed systemic
medical and sexologic history [14]. Candidates for
penile prosthesis implantation should fulfill the
following criteria:
• Good general health
• Failure of medical therapy for ED or,
• Contra-indication to medical therapy of ED
• Psychologic stability
• Patient and partner fully informed
• Informed consent for surgery
• Unsuccessful trial of vacuum devices or at least
consideration of these devices [14,55]

The complete medical assessment may include the
following elements if they are available:
• The international index of erectile function (IIEF)
or other validated questionnaires to objectively
assess severity of ED and subsequent postoperative
outcome
• Penile colour Doppler sonography with intracor-
poral pharmacologic injection
• Nocturnal penile tumescence test, especially
when the initial medical evaluation suggests the
possibility that the patient’s ED is predominantly
psychogenic
• In cases with medico–legal questions, a compre-
hensive diagnostic work up should be done [14]
A thorough physical examination is very important.
This should include an assessment or actual mea-

surement of the length of the penis. The length after
prosthetic implantation is usually similar to the
length of a completely stretched flaccid penis. It is
worthwhile to spend time with the patient illustrat-
ing this concept because, commonly, patients have
unrealistic expectations of penile length that cannot
be met by any form of therapy. The physical exami-
nation may also allow the detection of areas of signif-
icant scarring within the corpora cavernosa. Patients
with Peyronie’s disease may not report a penile bend
even though they may have extensive corporal
fibrosis, which can ultimately limit the intraopera-
tive dilatation of the penis. In such cases, the final
penile length and girth may be unsatisfactory to the
patient [55]. Preoperative identification of corporal
fibrosis and other factors that impact on postopera-
tive results, plays a very important role in reducing
or eliminating patients’ disappointment with post-
operative length and girth. During the physical
examination, the manual dexterity of the patient
should be assessed, as it must be sufficient when an
inflatable prosthesis is used. Obesity may be a factor
making the use of any prosthesis more difficult; this
is a physical feature that must be addressed [14].

In patients with poorly-controlled or treated
diabetes mellitus, it is wise to obtain a preliminary
diabetologic consultation to normalize their glucose
metabolism. There is controversy as to whether
abnormally high serum glycosylated hemoglobin is a
marker for higher risk of postoperative infection.

(a) (b) (c)

Fig. 12.2 (a) AMS 700CX InhibiZoneTM. (b) Mentor-Alpha 1. (c) Mentor Titan with ResistTM-Coating (here, colour-
enhanced with methylene-blue).
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Several investigators suggest that patients with
uncompensated diabetes mellitus may have an
implant placed safely [23,55,57].

A critical point in the evaluation of the candidate
for an implant is to identify active infections at the
time of surgery. A urine culture is mandatory in all
patients. Patients who have infectious lesions in the
genital area or other local infections, and patients
who have active systemic infections, should defer
surgery until the infection has resolved. It has been
suggested that patients should scrub their genitalia
with an antiseptic solution during the five days prior 
to hospital admission, and should take an oral
quinolone during the same period [14].

When an AMS three-piece implant is planned for
a patient with long penile length, the CX device
should be used because CX devices provide better
rigidity than Ultrex devices at longer penile length
[56]. Patients with limited dexterity should be of-
fered malleable devices. If the limited dexterity is
due to a neurologic condition in which there is re-
duced penile sensation, there is an increased risk of
urethral or cutaneous erosion of the implant. In
such cases, the surgeon should consider implanting
somewhat shorter cylinders, to reduce the risk of
erosion. In patients with severely scarred corpora,
CXR or Mentor narrow-based devices should be
used. If patients are disappointed postoperatively
with their penile length, they can be advised that
daily inflation of the prosthesis may produce cor-
poral dilatation, and that surgical replacement with
longer cylinders may be possible at a later time
[24]. In patients undergoing secondary or repeat
prosthesis implantation, the Ultrex device may be
considered if preoperative physical examination re-
veals a 2cm or more difference between the non-
stretched and stretched penile length. However,
Ultrex cylinders should not be used in patients with
Peyronie’s disease.

In patients who have had retropubic prostatec-
tomy, cystectomy or other causes of perivesical
scarring, two-piece implants offer the advantage of
not requiring retropubic placement of an implant
reservoir. However, the difference in rigidity and
girth between the inflated and deflated states of 
two-piece penile prostheses is limited compared 
to three-piece implants. Alternatively, intra-

abdominal, rather than retropubic, placement of the
reservoir of a three-piece device can be chosen for
the patient with retropubic fibrosis [25].

Technical Considerations in Penile
Prosthetic Surgery

Preoperative considerations
Patients are admitted to the hospital either the
evening before or the morning of the operation. The
shorter the hospital stay, the smaller the risk of
contracting infections from hospital contamination.
The urine culture should be negative at the time of
surgery [14,55].

Antibiotic prophylaxis is used routinely. Intra-
venous administration of the first dose of the antibi-
otic should be completed at least one hour before the
skin incision to ensure having adequate serum con-
centrations of the antibiotics at the time of surgery.
There is no general agreement on the antibiotic
regimen to be used. It is advisable to use the antibi-
otic recommendations of the hospital in which the
surgery is performed. The most common germs
involved are Staphylococcus species, particularly
Staphylococcus epidermidis, and gram negative enteric
bacteria. One commonly used antibiotic regimen 
is a cephalosporine during the hospital stay followed
by oral ciprofloxacine for one week after discharge
[55]. Some clinicians prefer to use vancomycine 
and rifampicin [14]. Other clinicians use other
combinations.

Genital shaving should be performed in the oper-
ating room immediately prior to surgery to avoid
contamination of the incision. Shaving should be
followed by a fifteen minute surgical scrub with
iodopovidone [55]. Traffic within the operating
room should be minimized to reduce the risk of
infection. Proper sterile technique, minimizing
tissue trauma, short operating time and effective
wound closure, are also well known to reduce the
risk of perioperative infections [26].

Operative considerations
The surgical approach may differ according to the
type of implant used, the surgeon’s preference and
the previous surgical history of the patient. Semi-
rigid prostheses may be implanted either subcoro-
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nally, infrapubically or scrotally. Inflatable implants
may be implanted either infrapubically or scrotally.
There is no evidence that any one surgical approach
is best [27]. The transverse scrotal approach allows
excellent exposure of most of the length of the
corpora cavernosa. With this approach, the crura of
the corpora cavernosa may be easily exposed as far
back as the ischial tuberosities. This posterior expo-
sure may be important when there is severe scarring
of this segment of the corpora. At the same time, the
distal part of the corpora may be easily exposed by
degloving the penis from the surgical incision [14]. A
ring retractor with hooks placed at the skin edges sig-
nificantly facilitates the exposure of the surgical
field. This retractor should be available during these
procedures. Placement of a urethral catheter may be
of help in identifying the urethra. In addition, if the
reservoir is placed in Retzius’ space, the bladder
should be emptied first to minimize the risk of inad-
vertent bladder injury. During the procedure the
surgical field should frequently be irrigated with an
antibiotic solution such as gentamycin. Dilating the
corpora cavernosa is a key step of the procedure. Dif-
ferent dilators are available; each surgeon should use
the one with which he or she feels most comfortable.
Hegar and Brooks dilators are useful in most cases,
while Rossello dilators are of particular value when
managing fibrotic corpora cavernosa [28]. The
narrow base three-piece implants mentioned above
are helpful in these cases, as they only require
dilation up to 10mm. A major advantage of using
narrow-base implants is that they avoid the need for
a synthetic patch to close the corporotomy. This may
occur, when a conventional three-piece implant has
been placed in severely fibrotic corpora cavernosa.

Measuring the length of the corpora cavernosa is
important to avoid developing penile deformities
after surgery. The use of the Furlow inserter to
measure the length of the distal and proximal part of
the corpora cavernosa is very helpful. The sum of the
proximal and distal measurements minus 1cm is the
length of cylinder that should be implanted. Gener-
ally the shorter length should be chosen when there
is doubt between measured lengths (e.g. choose an
18cm cylinder if the length of the corpus caver-
nosum is 18.5cm). Montague et al. [29,56] have pro-
posed that the length of cylinders should be 2cm less

than the measured corporal length in order to avoid
pain and deformities from over-sizing of the cylin-
ders. Ultrex cylinders, which can lengthen with
inflation should be sized 1cm less than measured
corporal length. Semi-rigid rods should be sized
about half a centimeter less than the measured cor-
poral length [25]. Proper prosthesis width is also crit-
ical for optimal support for erection. If the 12mm
dilator is snug, it is more appropriate to use a narrow
cylinder, as the fully expanded standard inflatable
cylinders reach at least 18mm in girth [25].

Rear tip extenders may be used to achieve the
desired length of the cylinders. In cases of severe
fibrosis of the crura, it is better to choose a shorter
cylinder and add several centimeters of rear tip
extenders to achieve the desired length. The smaller
size of the rear tip extenders will facilitate their inser-
tion into the narrow crura. Once the cylinders are in
place, they should be inflated to check for adequate
positioning and sizing. Filling of the devices can be
done with 0.9% NaCl solution or with iso-osmolar
dilute contrast agents. In Europe, contrast material is
preferred, while in the United States surgeons prefer
NaCl solution. The corporotomy incisions should be
closed with 2-0 polydioxanone running suture. The
input tubing of inflatable cylinders may be posi-
tioned intracorporally and exit from the corpora at a
convenient location or the tubing may exit directly
where the tubing comes off the cylinder. If there is
extensive scar tissue in the corpora, inflation and
deflation of the cylinder may cause erosion of the
cylinders where the tubing presses against the thick-
ened tunica [25,56].

Placing the reservoir blindly into the retrovesical
area from a scrotal incision requires special care. The
superficial inguinal ring should be palpated and then
elevated with a Deaver retractor. The index finger
should be passed medial to the spermatic cord and
should gently perforate the fascia transversalis, thus
reaching the Retzius space. The use of an extra-long
nasal speculum to open the space facilitates reservoir
placement using a long clamp with no teeth. The
reservoir should be filled adequately and the tubing
connected using a specifically dedicated “quick” con-
nector system. Blind placement of the reservoir
should not be attempted when there is perivesical
scarring, as may occur after cystectomy or prostatec-
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tomy. In such cases, the reservoir should be placed by
a second pararectal skin incision.

Adequate filling of the reservoir can be achieved
with less than the maximum reservoir capacity of 50,
65 or 100ml, but the filling volume should be at least
10cm more than the maximum filling volume of
both cylinders. The implant should then be activated 
and the wound closed, leaving the cylinders fully
inflated. This improves hemostasis and reduces the
risk of hematoma formation. The use of a drain is
controversial. Some surgeons prefer to use a drain to
reduce the risk of hematoma while other surgeons
believe that an indwelling drain increases the risk of
infection. The infrapubic approach has the advan-
tage of implanting the reservoir under direct view.
However, the infrapubic approach has the disadvan-
tages of possible damage to the dorsal nerves of the
penis with sensory loss, limited corporal exposure
and lack of ability to fix the pump in the scrotum. If a
urethral catheter is used, it should be removed on the
first morning after surgery. The cylinders should be
deflated to half their maximum volume on the first
morning after surgery, when the patient usually is
discharged from the hospital [14].

Anesthesia
Penile implants may be placed under general or
regional anesthesia. For the implantation of semi-
rigid rod or soft silicone cylinders, a penile block with
a local anesthetic may be sufficient. After tourniquet
placement, about 25cm2 of 1% lidocaine are addi-
tionally instilled into each corpus cavernosum.
Alternatively, surgery can be done with a pudendal
block without the need of corpus cavernosum insti-
lation [55]. For placement of hydraulic devices,
penile blocks combined with pudendal blocks are
preferred by some surgeons; most surgeons recom-
mend general or spinal anesthesia [56].

Postoperative management
Most patients are discharged on the first day after
surgery and intravenous antibiotics are stopped at
that time. At home, patients are usually prescribed
one week of oral quinolones.

Patients are instructed to start activating and deac-
tivating the implant as soon as the local pain has sub-
sided enough to allow this. In most cases this takes

place during the first follow-up visit appointment
seven to ten days after surgery. Sexual activity is not
allowed until six weeks after the procedure, when
the second outpatient visit should take place. Ideally,
validated instruments, including the IIEF, should be
used at three, six and/or 12 months after surgery to
produce objective outcome data once the patient has
resumed sexual activity on a regular basis. Particular
care should be taken in assessing penile length and
sensitivity, which represent two possible patient
complaints [14].

Complications of penile prosthetic
surgery and their management
Intraoperative complications
The typical complication that may occur during dila-
tion of the corpora cavernosa is perforation of the
tunica albuginea. Typically the perforation occurs
during the initial step of dilatation; if this is the case,
interrupting the dilatation on that side and complet-
ing the same procedure contralaterally will show the
real length of the crus. With a size nine Hegar dilator
in place in the corpus cavernosum contralateral to
the perforation, the surgeon should go back to the
crus affected by the perforation and use only large
dilators to complete the dilation. After completing
the dilatation and placing the cylinders, a polydiox-
ane suture may be passed through the rear tip of the
cylinder and then through the tunica albuginea at
the most proximal end of the corporotomy to anchor
the cylinder in proper place. Alternatively a Dacron
sock can be sutured to the rear tip of the prosthesis
and fixed to the wall of the tunica with one or two
sutures.

Proximal corporal perforations do not mean that
surgery must be terminated. If there is a distal per-
foration, most experienced surgeons agree that
surgery should be interrupted to prevent prosthesis
infection. Although termination of surgery is the
most prudent course in most distal perforations, in
special cases such as extremely fibrotic corpora,
primary suture of the albuginea with or without
grafting may render good results. In such cases, after
suturing the urethral perforation and inserting the
cylinders, use of a suprapubic cystostomy tube or
Foley catheter for one month has produced a suc-
cessful outcome in a few reports [14].
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thema of the incision or genitalia, and/or cutaneous
fixation of prosthesis components, such as the pump
to the scrotal skin [25]. This is the most feared com-
plication after penile implant surgery. The use of
antibiotics alone has not been successful in eradicat-
ing postoperative infections. It is difficult, if not
impossible, for antibiotics to penetrate the area of a
postoperative infection because the pseudo-capsule,
which forms around the device, the relatively poor
blood supply in the area, and the biofilm or slime
produced by Staphylococci and other bacteria that
provide a protected cavity in which bacteria can pro-
liferate. When an infection develops around a
portion of the implant, it may easily migrate to all
other parts along the connecting tubes, as well as any
foreign body, such as polytetrafluoro-ethylene or
permanent sutures in the immediate area.

In the face of infection the surgeon has two
options. The first is to remove the prosthesis and
reinsert it at least three months or more later. If this
option is chosen, the penis will be noticeably shorter
and the reinsertion procedure more difficult because
of the scar tissue that forms during that interval. The
second option is to use a salvage procedure, which
entails removing the prosthesis and all foreign mate-
rials, cleaning the wound with a series of antiseptic
solutions and reinserting a new prosthesis at the
same operation. Mulcahy [32] reported a success
rate of 85% with the salvage procedure. There are
several circumstances in which salvage should not
be considered. These include prosthesis infections in
patients with diabetic ketoacidosis, life-threatening
sepsis, and frank tissue necrosis or urethral erosion
of the cylinders in the fossa navicularis. If one
excludes these conditions, a salvage approach is a
reasonable procedure. According to a technique first
described by Mulcahy [32,33], all prosthetic parts
and foreign materials are removed; the wound is irri-
gated with a series of seven antibiotic solutions; the
drapes, instruments, gloves and gowns are then
changed, and a new prosthesis system placed in the
wound.

Also a delayed form of salvage therapy using
primary removal of the prosthesis, continuous
antibiotic irrigation for several days, and secondary
prosthesis reimplantation, ideally after 72 hours, has
been published [25]. If salvage procedures are

Postoperative complications
The most significant postoperative complication
associated with implant surgery is prosthetic infec-
tion, which occurs in 1 to 3% of cases [25]. Other
important complications include distal and proximal
perforation of the tunica albuginea, SST deformity,
“S-shaped” deformity of the penis, erosion of a com-
ponent, and mechanical malfunction of the device
[30]. The best way to manage complications is to
prevent them from happening by adequate sterile
handling and correct sizing of the cylinders.

Diagnosis of complications is based on clinical
history and physical examination, but imaging tech-
niques may be useful to plan a surgical approach.
MRI is the most valuable imaging technique for diag-
nosis of penile prosthesis complications [31]. MRI is
radiation-free, demonstrates penile anatomy in
three orthogonal planes, and is superior to any other
imaging method in demonstrating soft tissue con-
trast [30,31,56] (see Figure 12.3). All penile implants
except the now-discontinued Omniphase and
Duraphase models, are compatible and safe with
MRI field strength Tesla 1.5 and 3.0. The Omniphase
or Duraphase prostheses are unsafe during MRI
scanning due to their metallic components [60,61].

Prosthetic infection should be suspected when
there is increasing postoperative pain, fever, ery-

Fig. 12.3 Penile buckling due to overized left cylinder in
MRI imaging.
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planned, it seems wise to treat the patient with
systemic antibiotics for up to 48 hours prior to the
salvage surgery, especially if fluid is available for
culture and antibiotic testing [30].

If mechanical problems in an inflatable device
develop after surgery, a trend to remove and replace
the entire device has emerged recently. Common
mechanical failures are tubing fracture, cylinder or
reservoir leak, cylinder aneurysm, or connector dis-
ruption. Most urologists consider that replacing the
entire device will give the patient added longevity in
all parts [14,30]. Certainly after two or three years, it
is prudent to replace all the prosthesis components
because there can be significant wear of the device
within that period. In addition, repeated penile inci-
sions to change cylinders may shorten the penile
length [34]. Furthermore, bacteria-positive cultures
of clinically uninfected penile prostheses have been
found in 70% of tested implants. In some patients,
more than one organism grew, and in some patients
the pump culture was negative but the biofilm was
positive [35]. This may explain the higher infection
rate that occurs with revision surgery [36,37,38].
Combining complete implant removal with a modi-
fied salvage protocol leads to a markedly decreased
incidence of infection in patients with a penile
prosthesis who are undergoing revision for non-
infectious reasons [39].

A correct procedure in a properly selected patient
does not necessarily result in a satisfactory outcome
for the patient. A common reason for patient dis-
satisfaction is the lack of adequate engorgement of
the glans during sexual activity. Typically, the patient
reports that the corpora cavernosa are perfectly rigid
after activating the implant but the glans remains
soft, interfering with the patient’s sexual satisfaction.
Mulhall et al. [40] recently reported a beneficial
effect of oral sildenafil on glans engorgement in
patients with penile implants complaining of lack of
glans engorgement. By using the IIEF, the authors
also showed that sildenafil caused a statistically sig-
nificant improvement in implant assisted inter-
course. Similar results with the use of 500µg of
intra-urethral alprostadil were reported by Chew
and Stuckey [41] in a patient who had been treated
with a Dynaflex prosthesis.

In case of impending distal protrusion of cylinders,

a new pocket for the tip of the cylinder within the
distal corpus cavernosum should be created after
hemicircumcision. Also windsock techniques with
synthetic materials have been described for this con-
dition. In some patients, an SST deformity develops,
also termed “floppy glans”. This condition is best
treated by a circumcising incision, dissection of the
glans from underlying tissue, and non-absorbable
suture fixation of the glans to the tips of the 
corpora [56].

Re-operations
The reimplantation of an inflatable three-piece pros-
thesis in a patient with severe corporeal fibrosis is a
surgical challenge. The worst fibrosis develops as a
result of previous removal of an infected implant.
Penile shortening results and dilatation of the
scarred corporal bodies may be tedious and time-
consuming. Wilson published an excellent review
on special tools and techniques for these patients
[28]. Correct cylinder sizing is of special importance
in these cases. Sometimes it is prudent to implant a
smaller device and exchange it for a larger device,
after several months of active tissue expansion by
regular and frequent use of the device. While the
implantation of synthetic graft material is sometimes
unavoidable, it is important to remember that the
risk of infection during any penile prosthesis surgery
correlates with duration of the procedure and
amount of synthetic material that is implanted [56].

Results of penile prosthetic surgery
Generally penile implant surgery is associated with a
high success rate [42]. In a recent study, the satisfac-
tion rates of erectile function in patients treated with
sildenafil, intracavernosal alprostadil injections, or
three-piece inflatable penile prosthesis, were com-
pared [43]. Patients enrolled in this study had failed
initial sildenafil therapy. They were reinstructed on
proper dosing and timing of sildenafil or directed 
to an alternative treatment. Satisfaction from treat-
ment was assessed by a validated instrument, the
Erectile Dysfunction Inventory for Treatment Satis-
faction (EDITS), and erectile function was checked
by the erectile function domain score of the IIEF.
Total satisfaction and erectile function scores were
significantly better in patients who had received the

SPS12  8/1/06  11:25 AM  Page 144



Surgical Treatment of Erectile Dysfunction 145

penile implant than in those treated with sildenafil
or intracavernosal injection therapy. Mulhall et al.
[44] assessed the effect of two- or three-piece inflat-
able implants in a series of men who used the IIEF
and EDITS questionnaires at baseline and postopera-
tively. At one year follow-up, all assessments of erec-
tion, ejaculation, orgasm, and sexual satisfaction
were significantly better than baseline values.

Several authors have reported their long-term
results in studies published prior to 2000. In 1997,
Daitch et al. [45] reported a five-year actuarial
mechanical failure rate of 9.1% for AMS CX three-
piece devices and 17.1% for Ultrex devices. This
study suggested that mechanical failure is correlated
with patient dissatisfaction, but this suggestion
should be interpreted cautiously because some
patients with surviving implants may also have little
satisfaction. In 1999 Wilson et al. [46] reported the
results of a prospective study of 1383 Mentor Alpha-
1 penile implants and determined the mechanical
survival of 410 original and 971 enhanced models.
The five-year device survival rate increased from
75.3% for the original to 92.6% for the enhanced
model overall, and from 75.3 to 93.6% for first-time
implants only. The estimated failure rate was 5.6%
for the original model and 1.3% for the enhanced
model. Carson [47] reported a long-term multi-
center study of the 700CX three-piece inflatable
prosthesis, focusing on patients’ satisfaction with a
median follow-up of almost 48 months. At follow-
up, 79% of the patients were using the implant at
least twice monthly and 88% stated that they would
recommend an implant to a friend with ED.

In a recently conducted multi-center study assess-
ing the long-term reliability of three-piece AMS
prostheses including the CX, CXR and Ultrex cylin-
ders [48], at a mean follow up of 59 months, 92.5%
of patients were still engaging in sexual intercourse
with a mean frequency of 1.7 times weekly. Patients
and partners reports of erection were excellent, satis-
factory or poor in 48, 50, and 2%, and 17, 66, and
17%, respectively. Levine et al. [49] studied 112
patients who had an Ambicor two-piece prosthesis
and 91 of their partners at a mean of four years after
surgery. This study included a modified EDITS
instrument, which showed that the procedure met
the expectations of 87% of the patients, and that

they were very confident with the device. A recent
report of a head-to-head comparison of three-piece
inflatable prostheses by Mentor and AMS did not
reveal significant differences between the devices
[50]. Data was collected by a computer-assisted tele-
phone interview consisting of 37 questions. The
overall satisfaction rate was 69% and 72%, and
respondents reported that they would have the
surgery performed again.

In another study, a psychosexual questionnaire
was used to assess psychosexual benefits after
implant surgery. Patients perceived an improvement
in erectile ability and libido [51], and concerns about
achieving and maintaining an erection during inter-
course were significantly alleviated.

Montorsi et al. [14] reported an increase in the fre-
quency of sexual activity, and improved satisfaction
with sexual life in men with penile implants.

Only a few authors have reported long-term
results of semi-rigid prostheses. Salama [52] report-
ed that 70% of patients and 57% of partners were
satisfied with their semi-rigid AMS 650 or Mentor
Accu-Form prostheses. There was an increase in the
frequency of intercourse, sexual desire and ability to
achieve orgasm. Of note, dislike for the device was
the most common cause for dissatisfaction among
patients, while a sense of unnaturalness was the most
common cause for dissatisfaction for partners.

In another recent study, Ferguson and Cespedes
[53] reported five to seven year follow-up results
with Dura-II penile prostheses. No mechanical
defects were found in the 9% of men who had the
device later explanted. Satisfactory rigidity was
reported by 76% of the patients and ease of use was
reported by 87%. A limitation of malleable implants
is the potential for insufficient penile girth. Most of
the patients having a semi-rigid penile implant have
some form of penile vascular failure. Over time,
spontaneous filling of the corporal tissue surround-
ing the cylinders tends to reduce. This may create the
condition called “pencil-like erection”, which is
unsatisfactory to most patients [14].

Regardless of the type of prosthesis used, meticu-
lous surgical technique and the surgeon’s experience
are the most important factors in determining the
final outcome of the procedure. In addition, it is clear
that the greatest chance for achieving satisfactory
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long-term results is at the time of the first implant.
This underlines the importance of adhering to
proven principles of patient selection, pre- and post-
operative management and surgical technique,
including meticulous observation of antiseptic pro-
cedures [54]. A recent paper has reported that the
revision rate for penile prostheses may be much
higher for inexperienced surgeons compared to
experienced surgeons, and that inexperienced sur-
geons tend to select simple prosthetic devices, which
may not fit the patients’ expectations [59].

Conclusions and Recommendations

An important step forward has been achieved with
the antibiotic coating of penile prostheses. Neverthe-
less, implant infection remains a threatening compli-
cation, especially in re-operations and for patients
having simultaneous penile reconstruction and
penile prosthesis implantation. It would be useful to
define standard operating procedures for systemic
antibiotic therapy and local antiseptic measures for
penile implant operations. At the present time, there
exists consensus on the general need for preopera-
tive prophylactic antibiotic coverage against
Gram–negative and Gram–positive bacteria, and the
prohibition of prosthetic surgery when systemic,
cutaneous or urinary tract infections are present
[60].

Manufacturers of penile prostheses are continu-
ally trying to decrease mechanical failure rates. New
devices with modified pump systems and cylinder
coating will have to prove their value in future
studies after at least five year follow-up. From the lit-
erature [46], suggestions have been made regarding
the correlation between mechanical reliability and
patient satisfaction, as well as patient confidence in
the device [49]. Patients and possibly their partners
should be informed preoperatively about the various
types of prostheses, the possible complications and
the differences in both the flaccid and erect states
between the normal penis and the penis that has an
implant. They should also know about the potential
compromise of the effectiveness of other therapies
should the device be removed subsequently [60].
Most patients who have had multiple penile implant
surgeries suffer from corporal fibrosis and reduced

penile length and girth. If advances in penile
enlargement surgery become possible in the future,
they should be translated to penile implant surgery
[24]. A similar problem has to be solved for patients
with severe Peyronie’s disease, who require incision
or resection of their plaques during the implant
surgery. The ideal graft material to cover defects in
the tunica has yet to be found. It should have tensile
strength and stretching characteristics similar to
those of healthy tunica albuginea. Future advances
should also include tissue welding techniques to
replace time-consuming suturing [24].

Penile prosthesis implantation is a highly success-
ful treatment for ED. In order to get evidence-based
data, which can guide us to even better outcomes,
standard survey tools should be used for all studies. A
survey tool based on the IIEF and/or EDITS, but
developed specifically for follow-up in prosthesis
implantation, would be an important addition to
future studies. In all these outcome studies partner
evaluation should be included.
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Hypoactive sexual desire (HSD) is a condition that is
characterized by the absence or notable decrease in
the frequency in which the man experiences desire
for sexual activity.

In contrast with other conditions related to the
sexual life, the key clinical determinants of this diag-
nosis are not as concrete and readily identified as
erection or ejaculation for instance, in the case of
HSD these clinical features refer to a variety of ex-
pressions of sexual desire, since the occurrence of
sexual desire is an internal and subjective experi-
ence. Because of this, HSD has been historically ei-
ther not identified [1], or erroneously diagnosed and
presented (and treated) as other sexual dysfunctions
like erectile dysfunction [2].

Hypoactive sexual desire was first defined as a clin-
ical entity in 1977 [3], and recognized as a valid clin-
ical diagnosis with the publication of the Diagnostic
and Statistical Manual of Mental Disorders, third
edition (DSM III) in 1980 [4]. In recent publications,
the importance of this condition has been 
highlighted [2,5].

The DSM IV, in its current edition, defines HSD dis-
order as persistently or recurrently deficient (or ab-
sent) sexual fantasy and desire for sexual activity,
leading to marked distress or interpersonal difficulty
[6]. However, since the DSM IV is a psychiatric classi-
fication, its definition excludes HSD when it is
caused by another medical disorder, or even another
sexual dysfunction. There is some discussion in the
literature as to this requirement, as the clinical prac-
tice illustrates, that the co-existence of HSD disorder
with other sexual dysfunctions such as erectile dys-
function is rather common [5], and the management
of the combined conditions often requires specific
clinical decisions and actions.

Epidemiology and Risk Factors

There are two reports in the literature that merit
commentary when attempting to answer the ques-
tion: how prevalent is HSD?

Data from a probability sample study of sexual be-
havior in a demographically representative, 1992 co-
hort of US adults, known as the National Health and
Social Life Survey, and that included 1749 women
and 1410 men aged 18 to 59 years at the time of the
survey, was analyzed by Laumann and colleagues
[7]. A latent class analysis (LCA) was used to evalu-
ate the syndromal clustering of individual sexual
symptoms. Latent class analysis is a statistical
method well suited for grouping categoric data into
latent classes [8]. Latent class analysis tests, whether
a latent variable, or specified as a set of mutually ex-
clusive classes, accounts for observed covariation
among manifest, categoric variables [9]. This study
reports a 5% prevalence of low sexual desire, which
should be compared to the 5% prevalence reported
for erectile dysfunction. Table 13.1 presents the risk
factors reported for this population.

In a more recent report, named the Global Study of
Sexual Attitudes and Behaviors (GSSAB)—an inter-
national survey of various aspects of sex and rela-
tionships among adults aged 40 to 80 years—an
estimate of the prevalence and correlates of sexual
problems in 13 882 women and 13 618 men from 29
countries is reported by Laumann and co-workers
[10]. Although the figures for low sexual desire are
derived exclusively from the participant’s response
to a single question, the report has the value of 
including a rather large variation in countries and
cultures. Depending on the geographic area, preva-
lence of “lack of sexual interest”, a category where 
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respondents answering “occasionally, periodically or
frequently” were included, varied from 12.5% to
28.0%. The risk factors that in this study reached sta-
tistical significance in a more or less consistent way
across the different regions of the world, are reported
as summarized in Table 13.2.

The Components of Sexual Desire

Sexual desire is not a single phenomenon. Anyone
can say he is experiencing sexual desire for several
reasons that do not correspond necessarily to the
physiology of desire. In this respect Levine has sug-
gested an interesting division; according to his view it

is clinically useful to think of desire as consisting of
drive (biologic), motive (individual and relationship
psychology), and wish (cultural) components [11].
The drive component of desire is what we could
expect to be explained (some day) by the neuro-
chemical mechanisms in the brain. The motivational
component of desire might be a result of the interac-
tion of the couple, for instance: “I want to have sex
with her, otherwise she will leave”. And the cultural
component of desire can be best represented by what
is considered a highly desirable partner in a culture,
with whom the man needs to have desire in order to
conform to the cultural demand of a “true man”.
Both in clinical practice and in the general surveys
that explore the level of sexual desire the three com-
ponents are always interwoven.

Molecules promoting sexual drive
Table 13.3 presents, in a short format, the various
molecules that are thought to participate in the regu-
lation of the biologic component of sexual desire,
after a review by Meston [12].

Table 13.1 Risk factors for low desire among males as
reported by Laumann et al. [7]. All predictors included in
the table are significant above p ≤ 0.10.

Adjusted
Predictor Odds Ratio (95% CI)

Health and lifestyle
Daily alcohol consumption 2.24 (0.89–5.64)
Poor to fair health 3.07 (1.38–6.81)
Emotional problems or 3.20 (1.81–5.67)

stress

Sexual experience
Thinks about sex less than 3.63 (1.57–8.40)

once a week
Any same sex activity ever 2.51 (1.10–5.74)
Partner had an abortion ever 1.98 (0.92–4.23)
Sexually touched before 2.23 (1.10–4.56)

puberty

Table 13.2 Risk factors for low sexual desire in men as
reported in the Global Study of Sexual Attitudes and
Behaviors [10].

Odds Ratio variation across regions of
Risk factor the world (minimum–maximum)

Older age 0.5 to 10.6
Depression 1.5–2.9
Poor health 0.8–2.6

0% 10% 20% 30% 40% 50%

All sexual dysfunction

Low desire

Erectile dysfynction

Premature ejaculation

Arousal problems

Sexual pain
MALES FEMALES

Fig. 13.1 Prevalence of hypoactive
sexual desire disorder compared to
other sexual dysfunctions prevalence
as reported by Laumann et al. [7].
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Table 13.3 Molecules that have been reported to influence sexual desire (modified after Meston and Frohlich) [12].

Effect on
sexual desire:
↑= increase Kind of
0 = no change population Reference

Class Molecule ↓= decrease studied Author/year number

Hormones
Testosterone ↑ Hypogonadal or Davidson, et al. 1982 13,14,15

castrated men Kwan M, et al. 1983
Skakkeoaek NE, et al. 1981.

Testosterone ↑ Adolescent boys Halpern CT, et al. 1994 16,17
Udry JR, et al. 1985

Testosterone 0 Normal range Schiavi RC & White D, 1976 18
testosterone levels

Estrogen ↓ Sex offenders Bancroft J, et al. 1974 19

Progesterone ↓ Normal males and Heller CG, et al. 1958 20,21
hyperactive sexual Money J, 1970
desire males

Prolactin ↓ Hyperprolactinemia Bancroft J, 1984 22,23,24,25,26
Bancroft J, et al. 1984
Buckman MT & Kellner R, 1984

Dornan WA & Malsbury CW, 1989
Muller P, et al. 1979

Cortisol ↓ Cushing syndrome Starkman MN, et al. 1981 27

Pheromones ↑ Normal men Cutler WB, et al. 1998 28

Neurotransmitters
Serotonin 0, reported Use of Monoamine Montejo-Gonzalez AL, et al. 1997 29

as ↓ probably oxidase inhibitors,
because of Selective serotonin
interference reuptake inhibitors 
with arousal and antipsychotic
and orgasm medication users

Dopamine ↑ Apomorphine/levodopa Uitti RJ, et al. 1989 30
Parkinson disease patients

Histamine ↓ Cimetidine and White JM & Rumbold GR, 1988 31
ranitidine users
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The role of testosterone, and perhaps several other
androgens, appears to be necessary for the experi-
ence of sexual desire in its drive component [32]. It
appears that a minimum level of androgen is re-
quired for the man to be able to experience sexual
desire; however the relationship is not completely
linear, as the higher level of androgen in blood does
not correlate with higher level of sexual desire [18].
In addition to the molecules mentioned in Table
13.3, there has been some speculation on the role of
oxytocin [33] and, in a recent report [34], the role of
thyroid hormone has been suggested.

Integrating the components of desire
One conceptual model that is helpful to integrate
both physiologic and psychologic factors of sexual
desire has been proposed by Helen Kaplan [35]. Al-
though this model still requires empirical validation,
it represents an interesting tool for the understand-
ing of the dynamics of a man with HSD. The model is
summarized in Figure 13.2.

Etiology of Hypoactive Sexual
Desire

Hypoactive sexual desire is a condition that many
times is part of another disease or disorder. Other

times, the decrease or absence of sexual desire occurs
with no other sexual dysfunction or recognizable
pathology. In any event, it is critical that the clinician
identifies this condition; lack of success in treatment
of other sexual dysfunctions, like erectile dysfunc-
tion, can sometimes be explained by the presence
and lack of proper treatment of HSD. The list in-
cluded in Table 13.4, taken from Meuleman & Van
Lankvled (2005) [2], is a summary of the causes of
HSD seen frequently in clinical practice.

Hypoactive sexual desire is frequent in men with
erectile dysfunction. In a series of 428 men with erec-
tile dysfunction, Corona and co-workers (2004) [5]
reported that 43.3% of their participants had the
condition. This group found no correlation for pa-
tient or partner’s age. Men with HSD in this study
were not diagnosed as hypogonadic more frequently
than men without HSD; however ANOVA showed a
significant (P < 0.005) difference of total, free testos-
terone and prolactin levels among patients with dif-
ferent severities of HSD. No significant correlation
was found for: follicle-stimulating hormone (FSH) 
(r = 0.04), luteinizing hormone (LH) (r = 0.04), thy-
roid-stimulating hormone (TSH) (r = 0.06), or testis
volume (r = −0.08). No correlation was found for:
prostate specific antigen (PSA), blood pressure, lipid
profile, glycemia, and parameters derived from 

Sexual inciters Sexual suppressors

Physiologic inciters 

• Testosterone 

• Aphrodisiac drugs? 

• Physical / genital 
stimulation 

Psychologic inciters 

• Attractive partner 

• Erotic stimulation 

• Fantasy 

• Love 

• Courtship 

Physiologic suppressors 

• Hormone disorders 

• Drugs with sexual 
side effects 

• Depression 

Psychologic inhibitors 

• Unattractive partner 

• Negative thoughts 

• Anti-fantasies 

• Negative emotions 

• Stress and anger 

SUBJECTIVE
EXPERIENCE

OF

LUST

HYPOTHALAMIC
AND LIMBIC 

SEX
REGULATING

CENTERS 

Sexual desire Sexual avoidance

Fig. 13.2 A conceptual model of the
integration of biologic and psychologic
factors in sexual desire (after Kaplan,
1995) [35].
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echo color Doppler. The psychologic correlates 
found were: free-floating anxiety, somatic symp-
toms, obsessive—compulsive traits, and depressive
symptoms.

Diagnosis of Hypoactive 
Sexual Desire

The diagnosis of HSD is not difficult if the clinician
asks directly about desire or interest for sexual activ-
ity. Most patients identify with ease a change in their
usual pattern, and this is the way in which the condi-
tion is identified most of the time in clinical practice.
Sometimes, it is necessary to investigate the indica-
tors of sexual desire, which, although not as direct as
the expression of desire, are often good clinical indi-
cators. Table 13.5 shows a list of clinical indicators of
sexual desire.

The question of how much is too little has not been
answered with enough precision. However, some re-

ports in the literature give some light to this. In a
group of non-dysfunctional couples, LoPiccolo and
Friedman reported that the majority of the partici-
pants both desired and had sexual activity between
once and four times a week [36]. In a research set-
ting, Schiavi [37] suggested a criteria of sexual activ-
ity occurring less than once every two weeks, for
persons 55 years or younger, suggests HSD.

Some patients present themselves as having low
sexual desire, which in fact is a result of another sex-
ual dysfunction. Erectile dysfunction is sometimes
confused by the patient as a sign of diminished de-
sire. Likewise, the avoidance pattern that follows the
frustration generated by a persistent dysfunction,
like severe premature ejaculation or erectile dysfun-
ction, can also be reported as absence of desire. These
clinical situations demand a careful evaluation from
the clinician before arriving at a clinical diagnosis.

Laboratory Testing

In addition to identifying the condition, it is recom-
mended that the main causes of HSD be screened
during the initial consultation. The evaluation
should include the measurement of serum total
testosterone and prolactin as a minimum and, 
depending on the additional clinical signs, further
endocrinologic testing might be appropriate.

Depression and Relationship
Conflict Detection

Identification of depression and the presence of rela-
tionship conflict should also be part of the initial
evaluation. Both can be identified through the clini-
cal interview; however, in many instances the use of
screening tools can be useful and helpful.

There are several scales that have been developed
for depression detection. A short and useful tool, de-
veloped for the geriatric population, might be of help
for the clinician unfamiliar with depression or with
restricted time during consultation, and is included
in Table 13.6 [38,39]. The briefness of the scale (only
five items) and good psychometric properties make
this a useful instrument for the detection of depres-
sion among older men.

Positive answers for depression screening are

Table 13.4 List of medical and psychologic factors that can
cause HSD [2].

• Androgen deficiency
• Hyperprolactinemia
• Anger and anxiety
• Depression
• Relationship conflict
• Stroke
• Antidepressant therapy
• Epilepsy
• Post-traumatic stress syndrome
• Renal failure
• Coronary disease and heart failure
• Ageing
• HIV
• Body-building and eating disorders

Table 13.5 Clinical indicators of sexual desire.

• Sexual frequency
However, sometimes frequency ≠ desire: activity can
occur with no desire

• Sexual fantasies
• Sexual thoughts
• Initiation of sexual activity
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“yes” to questions 2, 3, 4 and 5, and a “no” to ques-
tion 1. A score of 0 to 1 positive answers suggest the
patient is not depressed; a score 2 or higher indicates
possible depression.

Conflict in relationships is easy to identify if the
right questions are asked. Sometimes asking directly
about the quality of the relationship will give enough
information. The questions included in Table 13.7
can provide good clinical information about the
quality of the relationship. Although they were de-
veloped in a research setting, the scale provides a
good guideline on what to investigate when a couple
is being evaluated.

As in many other areas of medical diagnosis, iden-
tifying a condition does not necessarily mean treat-
ing the condition. Many of the depressed patients or
the distressed couples will have to be referred for

proper treatment. However, when these conditions
are not identified by the treating physician, the clini-
cal managing of the case cannot be successful.

Treatment of Hypoactive 
Sexual Desire

Treatment of HSD is directed to the putative cause of
the condition. There are no effective symptomatic
treatments for HSD, as there are for erectile dysfunc-
tion (i.e. phosphodiesterase-5 (PDE-5) inhibitors).
Bupropion, an antidepressant medication that has
an effect in the re-uptake of dopamine and norepi-
nephrine [41], has been studied, and it has shown a
modest effect on women with HSD when compared
to placebo (using the slow-release form starting 150
mg/day for one week and then 300mg/day) [42,43].
An early report by Crenshaw and co-workers [44]
included men and women who were not depressed,
but who had some form of psychosexual dysfunction
(inhibited sexual desire, inhibited sexual excitement
or inhibited orgasm), and indicated some positive ef-
fect on patient’s rated libido and global improve-
ment, which was statistically significant compared to
placebo; unfortunately, it is not clear from the report
how many men responded. The response rates,
though statistically significant when compared with
placebo in all these studies, is low compared with the
efficacy of PDE-5 treatment for erectile dysfunction;
therefore the clinical use of this alternative is limited.

Testosterone replacement can be of benefit if the
patient has hypogonadism [45]. In any event, testos-
terone replacement therapy should be established
with the criteria outlined in the chapter “Hormones,
Metabolism, Aging and Men’s Health” of this book.
Likewise, cases of hyperprolactinemia should be fur-
ther studied and treated; the same chapter in this
book offers guidelines for this treatment.

If depression is identified, then appropriate treat-
ment for it should be established. A number of anti-
depressant medications exist, with demonstrated
efficacy and safety. Likewise, if a conflict in the rela-
tionship is encountered, proper treatment should be
established. As mentioned earlier, antidepressant
therapy can in its turn decrease sexual desire [29].
This is sometimes a clinical situation that requires

Table 13.6 Five-item version of the Geriatric Depression
Scale [38,39].

1. Are you basically satisfied with your life?
2. Do you often get bored?
3. Do you often feel helpless?
4. Do you prefer to stay home rather than going out and

doing new things?
5. Do you feel pretty worthless the way you are now?

Table 13.7 Quebec 2000 Abbreviated Dyadic Adjustment
Scale [40].

1. Do you and your partner agree or disagree on displays of
affection?

2. Do you often think about getting a divorce or
separation, or ending your current relationship?

3. In general, would you say that everything is fine
between you and your partner?

4. Do you confide in your partner?
5. Do you ever regret getting married (or living together)?
6. How many times do you and your partner calmly discuss

something?
7. How many times do you and your partner work together

on something?
8. Circle the number that best corresponds to your level of

happiness as a couple (rate between 1 and 7, 7 being
perfectly happy).
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careful evaluation. If the antidepressant medication
is considered as having a causative role in the low de-
sire condition, changing the dose or considering a
different medication might be helpful.

Sometimes, troubled relationships could benefit
from relatively simple interventions. Simple sugges-
tions can improve partner interaction for some cou-
ples and this can be done in the primary care setting.
They include: use of open communication on sexual
issues with an open and honest approach; increase of
time dedicated to physical intimacy; increase of time
dedicated to talk about intimacy issues; and sharing
of feelings [46]. Severe conflict should be referred to
specialized professionals.

Psychotherapy has a role in the treatment of de-
pression and in conflicted relationships. Specific psy-
chotherapeutic interventions for HSD have been
described as having the following components (1):
affectual awareness, that basically strives for identifi-
cation of positive and negative emotions related to
sexual interaction and desire; insight and understand-
ing, where a framework to understand the problem is
offered to the patient; cognitive and systemic therapy,
when individual psychologic causes are addressed
and interaction factors are addressed and corrected;
and finally, behavioral intervention, where a number
of strategies are utilized to gradually overcome ob-
stacles to sexual interaction.

A very important part of proper management in
the primary care scenario is to refer to another pro-
fessional when the indicated treatment cannot be
provided. A referral should be done if either the eti-
ology of HSD cannot be identified, and/or if proper
treatment cannot be provided.
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Introduction

Peyronie’s disease (indurato penis plastica) is an 
inflammatory condition that is characterized by 
the formation of fibrous, noncompliant nodules
within the tunica albuginea [1–8]. These plaques 
impede tunical expansion during erection, resulting
in penile bending. In some extreme cases, these
plaques can induce a collar-like or an hourglass-like
appearance in the erect penis. Unlike normal 
wound healing following trauma, plaques in pa-
tients with Peyronie’s disease do not resolve. Subse-
quent to inflammation and cessation of pain, in the
chronic stages of the disease, the plaques may ossify
[1–7].

One can sub-classify Peyronie’s patients into three
categories: (1) patients with asymptomatic plaques 
or some penile bending, which does not affect 
intercourse; (2) patients whose plaques exacerbate
penile bending to the point that intercourse is either
painful and/or no longer physically possible; and (3)
patients whose Peyronie’s disease is also associated
with erectile dysfunction [8]. In patients with erec-
tile dysfunction, penile arterial inflow is usually
unimpeded, with the major abnormality observed
being venous leakage, usually at the site of the
plaque [9,10].

Genetics and Occurrence

The search for a genetic link for Peyronie’s disease has
yet to identify a genetically-predisposed population.
However, there are reports associating this condition
and Paget’s disease of the bone [11], Dupuytren’s
contracture [12], and specific human leukocyte anti-
gen (HLA) subtypes [12–14]. In all of these studies,
patients reporting one of the traits (Paget’s disease of
the bone, Dupuytren’s contracture, or specific HLA
subtypes), did not always report symptoms of
Peyronie’s disease. Studies of Peyronie’s patients
have implicated an autoimmune component. It was
shown that Peyronie’s disease patients had at least
one abnormal immunologic test (75.8%), alterations
in cell-mediated immunity (48.5%), and in markers
of autoimmune disease (37.9%) [15]. Another study
found higher than normal levels of anti-elastin anti-
bodies in the serum of patients with Peyronie’s dis-
ease, suggesting an autoimmune etiology [16]. It is
likely that a certain proportion of men in this age
group respond to mechanical tunical stress and mi-
crovascular trauma [4–6] with an aberrant or hyper-
active wound healing response [17]. Thus, there may
be a subpopulation whose genetic background is
such that response to wound healing predisposes
development of Peyronie’s plaques.

CHAPTER 14

Peyronie’s Disease

Pathophysiology and Medical Management
Ajay Nehra
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There are few reports examining the incidence
and prevalence of Peyronie’s disease. The incidence
is estimated to be 0.4 to 3.2% [53–59]. Unfortunate-
ly multi-national, multi-institutional data is lacking.
However, there are some insights relating to a higher
incidence. A thirty-five year retrospective study in
Rochester, Minnesota, is notable [18]. In this study,
comprised primarily of Caucasian men, the average
age of onset was 53 years old, with a prevalence of
388.6/100 000 (0.4%), and an age-adjusted annual
incidence rate of 25.7/100 000 men (0.3%) [18]. At
the time of the study nine years ago, this translated
into 32 000 new cases in the United States annually,
with approximately 423 000 men with Peyronie’s
disease at any given time [18]. Contrary to the genet-
ic studies described above, there was no significant
association between Dupuytren’s contracture and
Peyronie’s disease. Further, over the thirty-five year
period, both total Peyronie’s disease, and Peyronie’s
disease associated with pain and impotence, in-
creased. This may be an actual increase in disease
occurrence or due to heightened patient awareness
and seeking of medical attention. Interestingly,
rheumatoid arthritis (p < 0.0001) and hypertension
(p < 0.01) were the most commonly associated 
conditions reported in this group of Peyronie’s 
disease patients [18]. It should be noted that the
study described above probably underestimates 
the true prevalence of Peyronie’s disease, as indicat-
ed by autopsy studies [19]. In a study of 100 men
who had no known Peyronie’s disease, 22/100 had
asymptomatic, fibrotic lesions of the tunica albug-
inea [19]. This suggests that in the natural course 
of aging and sexual activity, these asymptomatic
lesions may develop. The prevalence of Peyronie’s
disease is probably much higher than 0.4% if one
includes subclinical, asymptomatic cases [17,18].
Regardless, the number of patients presenting with
Peyronie’s disease in the United States is expected to
increase as the “baby boom” generation progresses
through ages 50 to 70.

Therapeutics and the Molecular
Pathology of Peyronie’s Disease

How do these mechanisms correlate with current
therapeutic treatment of this disease? There are two

basic categories of pharmacotherapeutics that have
been used in Peyronie’s disease: anti-oxidants and
collagen synthesis inhibitors. As described briefly
above, it has been hypothesized that oxidative dam-
age may be causal in the initiation and progression of
tissue fibrosis [20].

Presently, non-surgical options for the treatment
of Peyronie’s disease are based on anecdotal experi-
ences with studies limited by a small number of
patients, limited follow-up, the absence of placebo-
control groups, and no objective measures to
represent improvement. The historical reporting of
spontaneous remission rates ranges from seven to
29%.

Oral Therapies

A number of oral therapies have been investigated
for the treatment of Peyronie’s disease.

Vitamin E
Mechanism of action: Antioxidant properties. First
investigated by Scott and Scardino [21] in 1948,
vitamin E was theorized to be of clinical efficacy sec-
ondary to its anti-oxidant activities. The use of vita-
min E today continues and remains a choice for
many practicing urologists, predominantly due to
the minimal adverse event profile and the low cost.
However, most studies do not address the natural
history of the disease, nor have they included a con-
trol arm. Gelbard et al. [22] investigated vitamin E
therapy in comparison to the natural history of
Peyronie’s disease in 86 patients, and revealed no
significant difference between the treatment and
control groups for curvature, pain, and the ability to
have intercourse.

Colchicine
Mechanism of action: Inhibition of collagen synthesis
and anti-fibrotic effects. Colchicine was first pro-
posed by Akkus and colleagues [23] in 1994 where,
in 19 patients, a progressively increasing dose was
given over a three to five month period. Alterations
in curvature were noted in 36% of the patients 
(n = 7) and palpable plaque improvement in 63% (n
= 12). Erectile quality was improved in 78% (n = 7);
however, no placebo or control arm was used in the
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studies. In a subsequent control study by Kadioglu
[24], 60 patients were evaluated with Colchicine 1
mg twice a day, with mean follow up of 11 months.
Pain improvement in 95% (n = 57), with reduction
in curvature in 30% (n = 19) and progressive wors-
ening of curvature in 22% (n = 13), were noted.
Adverse events: Severe diarrhea.

Potassium amino benzoid 
(Potaba, Glenwood)
Potaba is historically used in dermatologic patients—
particularly scleroderma, dermatomyositis, and
pemphigus.

Mechanism of action: Increasing activity of mono-
amine oxidase in tissues, a subsequent decrease 
in serotonin levels, and thus a reduction in fibro-
genesis, with subsequent decreased scar tissue
formation.

The use of potassium amino benzoid was de-
scribed initially by Zarafonatis in 1959 [25]. A large,
pooled European study in 1978 involving 2653 pa-
tients, reported a 57% success rate with complete
resolution in 9% [26]. However, this study had no
study arm or placebo group, nor were any objective
parameters assessed. Weidner et al. [27] reported a
randomized prospective double-blind trial of potas-
sium amino benzoid at a dose of 3mg four times per
day for one year, versus oral placebo. Statistically, 
an improvement between the two groups was noted
in plaque size that did not correlate with a reduction
in the curvature. Adverse events: Severe gastrointesti-
nal side effects.

Tamoxifen citrate (Nolvadex, Astrozenica)
Mechanism of action: The potential benefit is based on
its effect on the release of transforming growth factor
beta (TGF-β) from fibroblasts, and blocking the TGF-
β receptor sites, resulting in decreased fibrogenic
activity.

This was first introduced by Ralph et al. in 1992
[28], at a dose of 20mg given twice a day for three
months in 36 patients. The results demonstrated a
reduction in pain in 80% of patients (n = 29), reduc-
tion in curvature in 35% of patients (n = 13), and a
decrease in plaque size in 34% (n = 12). However, a
control trial by Teloken et al. [29] in 1999 at a similar
dose revealed no significant improvement between

the treatment groups compared with the placebo
arm.

Carnitine (Carnitor, Sigma-Tau)
Mechanism of action: Inhibition of acidyl coenzyme-A.
Published initially by Biagiotti et al. [30] in 2001, 48
patients were randomized to receive either carnitine
or tamoxifen. The first group received tamoxifen 
20mg twice daily for three months, while the second
group received acetyl-L-carnitine at a dose of 1mg
twice daily for three months. While the authors re-
ported a greater benefit with respect to curvature in
the carnitine arm, no objective parameters were
measured.

Topical Therapies

Mechanism of action: Increased extracellular matrix
collagenic secretion, and decreased collagen and
fibronectin synthesis and secretion. Martin and co-
workers in 2002 [31] investigated tissue concentra-
tions in men who applied verapamil topically. While
this drug was found to be present in urine samples,
no verapamil was detected in the tunica albuginea
specimens obtained at the time of penile prostheses
implantations. The authors subsequently concluded
that topical application of verapamil had no scientific
basis, and given the fact that no control trial has been
performed, the current use of topical verapamil is not
recommended.

Intra-lesional Therapies

Steroids
Mechanisms of action: Anti-inflammatory and reduc-
tion in collagen synthesis. Proposed in 1954 by
Teasley [32] in 29 patients, with results that were at
best equivocal. Subsequently in 1954, Boedner et al.
[33] reported successful outcomes in 17 patients
who were treated with intra-lesional hydrocortisone
and cortisone injections. A study by Winter and
Khanna [34] in 1975 demonstrated no statistical dif-
ference between patients treated with intra-lesional
dexamethasone injections, when compared with the
natural history of the disease in their general patient
population. A prospective study by Williams and
Green [35] in 1980 using intra-lesional triamci-
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nolone revealed only 3% had spontaneous resolu-
tion of symptoms at one year with observation, and,
following the administration of triamcinolone every
six weeks for 36 weeks, 33% of patients reported im-
provement in particular pain and plaque size. At pre-
sent, the use of intra-lesional steroid injections is not
encouraged.

Collagenase
Mechanism of action: Collagen degradation. The use of
collagenase was initially demonstrated in vitro by
Gelbard et al. in 1982 [36]. An objective improvement
in 64% of patients (n = 20) was demonstrated within
four weeks with collagenase injections. However, a
decade later in 1993 [37], they reported their findings
from a double-blind trial of collagenase injections in
49 men. Following stratifying patients based on a
severity of curvature, a statistically significant im-
provement was noted in curvature in the collage-
nase-treated groups, with maximum improvement
ranging from 15 to 20%. The data subsequently
showed a limited result, a limited improvement, and
may potentially be suited for a long-term trial.

Verapamil
Mechanism of action: Increases extracellular matrix
collagenase secretion and decreases collagen and fi-
bronectin synthesis and secretion. Verapamil was
initially used as an intra-lesional injection by Levine
et al. in 1994 [38]. Fourteen patients received bi-
weekly injections of verapamil into the plaque for six
months. Subjectively, there was an improvement in
plaque-associated waist deformity in all patients,
and curvature in 42% (n = 6). An objective decrease
in plaque volume of greater than 50% was noted in
30% (n = 4), and plaque softening was noted in all
patients. Subsequently Rehman and colleagues [39]
published the first randomized single blind trial of
intra-lesional injection of verapamil where 14 pa-
tients were evaluated. Significant differences were
noted in the subjective improvement in the quality
of erections, as well as in objective measurements of
plaque volume in the verapamil-treated arm. A non-
significant improvement trend was noted in the de-
gree of curvature in the verapamil group. Recently
Levine et al. [40] published in a non-placebo control
trial involving 156 men with intralesional vera-

pamil. These patients (77%) had failed prior oral
therapies with vitamin E, Potaba, and/or colchicine.
One hundred and twenty eight men completed the
initial study, with an 84% resolution of pain. Curva-
ture improvement was noted in 62% (n = 79); eight
percent (n = 10) had worsening of their initial curva-
ture. Improvements in girth, rigidity, and sexual per-
formances were noted in 83%, 80%, and 71%,
respectively. In patients being evaluated based on
duration and severity of disease (greater than or less
than one year), no differences in the two groups
were noted with respect to curvature, rigidity, sexual
function, and girth.

Interferons
Mechanism of action: In vitro decrease in the rate of
proliferation of fibroblasts, and decreased produc-
tion of extra-cellular collagen, with increased pro-
duction of collagenases. Interferons were first
demonstrated as a potential viable therapeutic arm
by Duncan et al. in 1991 [47]. The initial clinical trials
by Wegner et al. in 1995 [42] and 1997 [43] demon-
strated low rates of improvement with high side ef-
fects, in particular fever and myalgia. Most promising
results with interferons were demonstrated by Ahuja
et al. [44] in a non-randomized sample of 20 men
who received 1 × 106 units biweekly for six months.
Patients demonstrated penile plaque softening in
100% of men, 90% had subjective improvement,
and 55% had subjective reduction in plaque size.
Recently Dang et al. [45] objectively demonstrated
improvements in curvature using pharmacologic
simulation and a protractor of greater than 20% in
67% (n = 14) of the study participants. Hellstrom and
colleagues in 2003 [46] demonstrated a single blind
multi-center placebo-controlled study with encour-
aging results. Curvature improvement of greater
than 20% was demonstrated in 69% of the treat-
ment group versus 37% of the control group. Pain
was not statistically significant between the two
groups. Further investigation of trials may be war-
ranted with the use of intra-lesional therapy.

External Energy Therapy

Shock wave therapy
Mechanism of action: Local penile electro shockwave
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therapy (ESWT) has been potentially recommended
to induce inflammatory response leading to plaque
lyses and improved vascularity.

Most studies on the efficacy of ESWT are limited to
subjective reports of improvements of deformity,
plaque size, or pain. Hauck et al. [47] in a controlled
trial, randomized 43 men to ESWT or an oral placebo
for six months. No significant effect of treatment was
noted on curvature, plaque size, or subjective im-
provements in sexual function or rigidity.

Iontophoresis
Several studies have recently investigated the effica-
cy of topically-applied verapamil, with or without
dexamethasone, with enhanced penetration using
iontophoresis (electromotive drug administration).

Di Stasi and associates [48,49] randomized 96
patients to treatment with verapamil 5mg plus dex-
amethasone 8mg, using electromotive drug admin-
istration. Of the 73 patients who completed the study,
43% in the verapamil oblique dexamethasone noted
improvement objectively in plaque size, as measured
by ultrasonography, and curvature as noted by pho-
tography. No change in parameters in the Lido cream
group was noted. Preliminary results of iontophore-
sis with verapamil versus saline were reported at the
2003 meeting of the American Urologic Association,
with similar results in both groups. Further investiga-
tion in this modality may be warranted.

Combination Therapies

Various combinations of therapies have been evalu-
ated and investigated as potential treatments for
Peyronie’s disease. A controlled study by Pieto 
Castro et al. [50] randomized 45 patients to re-
ceive vitamin E plus colchicine and/or ibuprofen
(placebo). Patients in the treatment group reported a
higher percentage of pain relief, although the differ-
ence was not significant. Mirone et al. [51] examined 
two populations of patients with Peyronie’s disease:
electromotive drug administration plus perilesional
verapamil, versus electromotive drug administra-
tion alone. A 52% improvement in plaque size was
noted for the ESWT group only, compared to 19% in
the combination arm. Authors have randomized pa-
tients to receive intralesional verapamil plus oral car-

nitine, or intralesional verapamil plus oral tamox-
ifen as well. Cavalini et al. [52] demonstrated no sig-
nificant difference in pain between the two groups.

Summary

Peyronie’s disease is a fibrotic disorder of the tunica
albuginea involving potential trauma to the penis
and an inflammatory response. The fibrotic plaques
that form are produced most likely by tunical fibrob-
lasts in response to cytokine stimulation. Of the
candidate cytokines, TGF-β1 and possibly platelet-
derived growth factor (PDGF) play a role. To date,
pharmacotherapy has not been effective or widely
accepted, and surgery to either remove the plaque or
insert penile prostheses remains the mainstay of
treatment. A better understanding of the molecular
pathology of this disease is expected to improve phar-
macotherapeutic strategies to treat this condition.

The investigation for medical options in the man-
agement of Peyronie’s disease currently lacks con-
trolled clinical trials with standardized assessments
and objective measurements of improvement in cur-
vature, circumferential deformities, and/or sexual
function. Research into the pathophysiology of this
disorder is likely to yield new insights into potential
treatment options. At the present time, no ideal non-
surgical cure is noted.
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Guidelines for Surgical
Management of Peyronie’s Disease

Clinical guidelines
Defining candidacy for Peyronie’s 
disease surgery
Correction of penile deformity due to Peyronie’s dis-
ease is surgically challenging and is required in the
minority of patients with this condition [1]. Surgery
is considered only after stabilization of the fibrotic
process. The committee recommends that men be
considered candidates for surgical correction if they
have had Peyronie’s disease for at least 12 months
and have had stable deformity (that is, no change in 
deformity) for a duration of at least three months.
Surgical reconstruction is typically reserved for men
with deformity that precludes satisfactory sexual 
intercourse, causes pain for themselves or their part-
ners during sexual relations, or because of distress
due to the presence of penile deformity [2]. While
many men with Peyronie’s disease can physically ac-
complish sexual intercourse, many are dissatisfied
with relations because their deformity precludes
spontaneity, or requires certain positions/dynamics
that detract from satisfaction.

• It is recommended that surgical reconstruction be re-
served for patients who have had Peyronie’s disease for
more than 12 months and have had stable deformity for
more than 3 months.

Preoperative assessment
Prior to any surgery it is advisable to define:
1 Nature of deformity
2 Magnitude of deformity
3 Penile length
4 Erectile hemodynamics
An accurate assessment of the nature of the patient’s
deformity is a key factor in planning the surgical ap-
proach. Is this a simple curvature? Is the curvature
uniplanar or multiplanar? Is this pure hourglass de-

formity? Is there any associated instability (hinge ef-
fect)? Is there waisting at the point of maximum cur-
vature? The presence of multiplanar curvature or
pure hourglass deformity is generally not correctable
by plication procedures. Having a clear idea what
magnitude of deformity exists is also important, as
larger degrees of curvature may preclude plication
type surgeries. The nature and magnitude of penile
deformity can be assessed in a variety of ways, in-
cluding self-photography, vacuum device, and ad-
ministration of an intracavernosal injection agent.
While poorly documented in the literature, the use
of photography is not without problems; specifically,
assessing penile rigidity with a photograph may be
difficult and given the correlation between penile
rigidity and degree of deformity, and a photograph
taken with less than a fully rigid erection may lead to
underestimation of deformity. Vacuum devices have
been purported to be associated with sufficient sub-
cutaneous venous congestion that it may partially
obscure the deformity. Intracavernosal injection
therapy has as a problem the requirement for a pe-
nile injection; but as a technique it permits excellent
deformity assessment, although some patients may
require more than one injection to generate maxi-
mum rigidity.

One of the primary concerns of patients preopera-
tively is penile length loss. At presentation many
men complain of loss of penile length, and by the
time many patients have reached comfort level with
surgical intervention most have already experienced
this problem. Thus, any further loss of length is a
major concern. In patients with penile curvature, an
assessment at full rigidity of penile length on the con-
cave and convex sides may give a crude estimate of
the potential for length loss if plication-type proce-
dures are employed. Furthermore, having penile
length documented preoperatively permits compar-
ison to postoperative length in men who complain 
of postoperative length loss. Most authorities agree
that an assessment of erectile hemodynamics 

Surgical Treatment of Peyronie’s Disease
John Mulhall
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preoperatively is an essential part of preoperative
evaluation and this can be accomplished with either
duplex Doppler penile ultrasound or dynamic infu-
sion cavernosometry.

• It is recommended that an adequate assessment of penile
deformity and erectile hemodynamics be performed prior to
surgical reconstruction.

Surgical options
Surgical intervention may be sub-divided into three
groups (or families) of operations, namely:
1 Plication-type procedures.
2 Plaque manipulation and grafting procedures.
3 Penile prosthetic surgery.

Plication procedures
This group of procedures addresses the side of the pe-
nile shaft opposite the location of the plaque and is
best utilized for patients not concerned about length
loss and with:
1 Uniplanar curvature
2 Mild-moderate magnitude of curvature
3 Combined penile dysfunction/erectile dysfunc-
tion responsive to oral or intracavernous erectogenic
pharmacotherapy
4 Congenital penile deviation

• Plication-type procedures are considered treatment of
choice for congenital penile deviation.

This group of procedures may be further subdi-
vided into tunical incising and imbrication (non-
incising) procedures. Advantages of these approaches
include short surgical time, no significant negative
effect on erectile hemodynamics, good cosmetic out-
comes, simple, safe and effective, regarding straight-
ening. The major disadvantages are shortening of the
penis, and this group of procedures does not address
the issue of hourglass deformity; lateral indenta-
tions, when present, and the presence of multiplanar
curvature, may be difficult to correct adequately
with this form of procedure.

Tunical incising procedures involve making 
incisions in the tunica and excising a wedge/ellipse
(Nesbit procedure), or leaving an intervening seg-
ment of tunica intact and covering it over with a su-

ture line connecting the two tunical incisions (modi-
fied corporplasty), or fashioning a longitudinal inci-
sion and closing it in a Heineke–Miculicz fashion
transversely (Yacchia procedure). The advantages of
these procedures are that the repair heals by primary
intention. However, the repair does require an inci-
sion in the tunica, thus theoretically putting erectile
tissue at risk. The Nesbit procedure was originally de-
veloped for congenital curvature. It is worth noting
at this juncture, that many series reporting outcomes
of this procedure have included patients with both
Peyronie’s disease and congenital curvature. These
are non-identical conditions and caution in inter-
preting these series is warranted. First, the tunica al-
buginea of young men with congenital curvature is
not diseased, as is the case in Peyronie’s disease, and
generally they have excellent penile stretch and do
not have penile length loss at presentation. Second,
congenital penile curvature results from corporal
disproportion and most men have a gentle bowing of
the penis without any specific point of angulation.

Imbrication procedures do not involve making a
tunical incision but rather fold the tunica, thus the 
integrity of the curvature correction is dependent
upon the strength of the suture used to imbricate the
tunica (Essed–Schroeder, 16-dot procedures). A re-
view of outcomes for tunical incising (Nesbit type) 
procedures for Peyronie’s disease is presented in
Table 14.1.

A review of outcomes for imbrication procedures
for Peyronie’s disease and congenital penile devia-
tion are presented in Tables 14.2 and 14.3.

• Tunica-incising plication procedures may give better
long-term results than imbrication procedures in the cor-
rection of penile deformity in Peyronie’s disease.

Plaque manipulation and grafting
These procedures address the plaque directly and are
best utilized for patients with:
1 Complex deformities
2 Hourglass deformity
3 Short penile length
4 All degrees of curvature
5 Normal erectile function
The advantages of this group of procedures are 
that they generally preserve penile length (approxi-
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mately a 10% risk of penile shortening) and are use-
ful in men with complex deformities. It is worth
noting that some case series of plaque incision 
and grafting have included men who had counter-
plication maneuvers to achieve complete straighten-
ing, and these adjuvant maneuvers may be the
reason for penile shortening. The disadvantages
include worsening erectile function, dorsal nerve
neuropraxia (if the neurovascular bundles require
elevation) leading to prolonged sensory distur-
bances (anesthesia, dysthesiae). It is believed that
the erectile function alterations may be related to the
inflammatory reaction/fibrosis that occurs beneath
the graft, leading to corporal smooth muscle dam-
age. Historically, plaque excision was performed but
this has been supplanted more recently by plaque in-
cision, although some authorities also trim some of
the plaque tissue prior to grafting.

Grafts are subdivided into three groups:

1 Synthetic
2 Autologous
3 Pre-packaged biological

• Autologous and pre-packaged biological grafts are con-
sidered graft materials of choice for plaque incision/excision
and grafting.

Synthetic grafts are almost historical because of
the literature supporting autologous grafts, such as
vein, dermis, crural tunica albuginea, or flaps, such
as penile dermal, shaft tunica albuginea and tunica
vaginalis. Autologous materials provide a readily-
available, reliable, well-tolerated and easily obtained
graft, and also provide a resilient yet compliant graft
that is easy to tailor and suture in place. Host reaction
is minimal and the infection risk low. However, der-
mal, venous, buccal mucosa, crural albuginea, and
tunica vaginalis grafts require additional operative

Table 14.1 Outcomes with Nesbit surgery in Peyronie’s disease (1994 to 2005).

Mean Post-Op
Author Year No. of Patients Follow-up Satisfied Shortening ED Recurrence

Bokarica [9] 2005 40 81 m 100% 5% —

Rolle [10] 2005 50 (32C, 18P) — 94% P — — —

Navalon [11] 2005 21 (12C, 9P) — 95% — —

Savoca [12] 2004 218 89 m 83.5% 17% 13% —

Portillo-Martin [13] 2003 59 (44C, 15P) 12 m 86% — — —
39N, 12RC,
8ES

Rodriguez [14] 2003 45 — 87% — — —

Syed [15] 2003 42 84 m 76% 50% — 10%#

Savoca [16] 2000 157 72 m 88% 14% — —

Pryor [17] 1998 — 21 m — — — 11%

Rehman [18] 1997 32 (26P, 6C) — 100% C, — — 22%
78% P

Ralph [19] 1995 185 — 90% — — 3%

Sulaiman [20] 1994 78 50 m 79% — 18% 4%

C, congenital;  ES, Essed–Schroeder; P, Peyronie’s disease; RC, Ruiz–Castane.
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time to harvest. There is minimal outcome data on
buccal mucosa or crural tunica grafts. One of the
concerns about these two grafts is the inability to get
enough graft material for complex curvatures where
large defects are present. Vein graft has been pur-
ported to be associated with the least amount of in-
tracavernosal fibrosis and has been proposed as the
best material available for tunical patching, although
no comparative analysis in humans exists for the dif-
ferent graft types [3]. The veins most often utilized
are the greater saphenous or deep dorsal veins. The
disadvantage of these grafts is that they result in

extra operating time due to vein harvest and graft
construction, and a second incision is required for
saphenous vein harvesting. Most recently, pre-
packaged grafts have been utilized with increasing
frequency, primarily because of their ease-of-use
and reduction in operating room time. While no
comparative analysis has been conducted between
autologous and biological grafts, the outcomes data
appear comparable. The two biological materials
most commonly utilized are human cadaveric peri-
cardium (some areas utilize bovine pericardium be-
cause of non-availability of the human counterpart)

Table 14.2 Outcomes with plication procedures in Peyronie’s disease (1994 to 2005).

Author Year No. of patients Follow-up Satisfied Shortening Post-op ED Recurrence

Rolle [10] 2005 50 — 94% — — —

Van der Horst [21] 2004 50 (28P, 22C) 30 m 78% 74% — —

Gholami [22] 2002 124 2.6 y — 41% — 15%

Van der Drift [23] 2002 59 (31P, 28C) — 75% C 64% 0% —
58% P 90% 29%

Chahal [24] 2001 44 49 m 52% 90% — —

Thiounn [25] 1998 60 (29P, 25C) — 87% — — —

Levine [26] 1997 22 — — — 9% 91%

Kummerling [27] 1995 54 36 m 90% — — 10%

Nooter [28] 1994 33 42 m 64% — — 5%

Klevmark [29] 1994 57 20 m 82% — — 5%

C, congenital; ED, erectile dysfunction; P, Peyronie’s disease.

Table 14.3 Outcomes with plication procedures for congenital curvature (1987 to 2004).

Author Year No. of patients Follow-up Satisfied Shortening Post-op ED Recurrence

Chertin [30] 2004 83 — — — 0% 0%

Chien [31] 2003 22 18 m 95% 18% — —

Hauck [32] 2002 23 34 m — 65% — 26%

Ebbehoj [33] 1987 140 — — — — 4%

ED, erectile dysfunction
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and animal intestinal submucosa. Outcomes data for
plaque manipulation and grafting procedures are
presented in Table 14.4.

Penile Prosthesis Surgery

Penile prosthesis placement for Peyronie’s disease is
best reserved for men with combined Peyronie’s
disease and erectile dysfunction, in particular those
men with erectile dysfunction that are non-
responsive to oral or local pharmacotherapy. Some
authorities have suggested that men with hourglass
deformity be considered for penile implant surgery
because of anecdotally-based reports of poorer out-
comes for patients undergoing lateral plaque incision

and grafting procedures. The advantages of penile
prosthesis surgery in the Peyronie’s disease patient
include excellent rigidity and, in patients with mild
to moderate curvature, excellent deformity correc-
tion without the need for intraoperative adjuvant
maneuvers (vide infra). The disadvantages of this
approach are the complications of penile prosthesis
surgery (see section on penile prosthetic surgery).

The committee recommends that for all penile re-
constructive surgical procedures, success be defined
as end–of–operation residual curvature ≤15°. 
For patients with residual curvature greater than
this, consideration should be given to performance
of intra-operative maneuvers aimed at straightening
the residual curvature. Such maneuvers include

Table 14.4 Outcomes with plaque incision and grafting in Peyronie’s disease (1995 to 2005).

No. of Graft Complete Post-op EF
Author Year patients material correction change Sensory loss Length loss

Kalsi [34] 2005 113 Vein 80% 23% — 35%

Shioshvili [35] 2005 26 BM 92% 8% — 15%

Levine [36] 2003 40 HP 98% 30% — —

Hatzichristou [37] 2002 17 TA 100% 0% — 47%

Schwarzer [38] 2003 16 TA 75% — — —

Hsu [39] 2003 24 Vein 96% — 12% —

Egydio [40] 2002 33 BP 88% 0% — —

Sampaio [41] 2002 40 DA 95% 15% 2.5% —

Adeniyi [42] 2002 51 Vein 82% 8% — 35%

Hauck [43] 2002 13 Vein — 31% — 54%

Knoll [44] 2001 12 IS 92% 0% 0% 0%

Akkus [45] 2001 58 Vein 86% 7% — 22%

Teloken [46] 2000 7 TA 86% — 0% —

Montorsi [47] 2000 50 Vein 80% 6% — 40%

Kadioglu [48] 1999 20 Vein 75% 5% — —

El-Sakka [49] 1998 113 Vein 96% 12% — 17%

Krishnamurti [4] 1995 14 Dermal flap 100% 0% — 0%

TA, tunica albuginea; HP, human cadaveric pericardium; BP, bovine pericardium; DA, dura mater; BM, buccal mucosa; 
IS, intestinal submucosa; EF, erectile function.
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manual modeling (molding) and plaque incision,
with or without grafting. Mulhall et al. demonstrated
that, in 36 men undergoing (inflatable) penile pros-
thesis surgery for Peyronie’s disease, all men with
preoperative curvatures ≤30° had complete correc-
tion of curvature [5]. Eighty-six per cent of patients
with preoperative curvatures ≥45° required adju-
vant maneuver for complete curvature correction.
Wilson et al. has popularized the technique of “mold-
ing” with excellent results [6]. This technique
forcibly bends the semi-inflated implant over the
plaque, in essence cracking the plaque. In his original
series, Wilson demonstrated an 86% success rate
using penile modeling. Montague et al. showed that
all of the patients in their series (34 patients under-
going AMS 700CX device implantation) had correc-
tion of penile curvature with modeling [7]. In a
long-term follow-up of his patients, Wilson
demonstrated that at five years (using Kaplan–

Meier analysis) modeling resulted in long-term cur-
vature correction and there was no higher incidence
of device revision in this population compared to
those men who had implant surgery without model-
ing [8] (Table 14.5).

Guidelines for Research in the
Surgical Management of 
Peyronie’s Disease

Defining surgical outcomes has been hampered by a
number of factors including studies containing small
patient numbers, lack of standardization of patient
populations being studied, lack of a uniform defini-
tion of successful outcome, and absence of compara-
tive outcomes between procedures. The committee
suggests that every effort be made to define the pa-
tient population being studied in detail; in particular,
defining the magnitude of baseline deformity, pres-

Table 14.5 Outcomes with penile prosthesis surgery in Peyronie’s disease (1996 to 2005).

Tunica 
No. of Manual incision/excision Complete Patient

Author Year patients Device modeling +/− graft correction satisfied

Akin-Olugbade [50] 2005 18 Alpha-1 20% 30% 100% 60%

Usta [51] 2003 42 — 74% 26% 88% 84%

Levine [52]* 2001 16 Ambicor — — 96% 96%

Wilson [8] 2001 104 700CX, 100% — — —
Alpha-1

Levine [53] 2000 46 2/3PI 54% 46% 100% —

Carson [54]* 2000 63 700CX — — — 88%

Ghanem [55] 1998 20 M — — 65% 87%

Morganstern [56] 1997 309 700CX — — 98% —

Marzi [57] 1997 21 M, S — 38% — —

Montague [7] 1996 72 34 700CX — — 100% —
38 Ultrex 74%

Montorsi [58] 1996 23 700CX — 40% 70% 79%

2PI, 2-piece inflatable; 3PI, 3-piece inflatable; M, malleable; S, Soft;
* Peyronie’s disease patients as part of a larger prosthesis study
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ence of associated deformities, and preoperative
erectile hemodynamics status. Furthermore, pa-
tients with Peyronie’s disease should be separated
from patients with congenital penile curvature
when assessing outcomes with plication-type proce-
dures. The committee encourages all authors to de-
clare the degree of residual deformity after penile
reconstructive surgery. It was felt that residual
deformities greater than 15 degrees were unaccept-
ably high and warranted secondary procedures
intraoperatively. Investigators are encouraged to
define erectile function postoperatively using vali-
dated instruments. It is hoped that the future will see
the development of a validated instrument spe-
cifically for Peyronie’s disease, and especially for 
the assessment of postoperative patient satisfaction
levels.
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Introduction

Priapism describes a persistent erection arising from
dysfunction of the mechanisms regulating penile
tumescence and flaccidity. The erection of priapism
is typically not the result of sexual excitement and, if
associated with erotic stimulation, lasts well beyond
the original stimulus and is not relieved by orgasm or
ejaculation.

A diagnosis of priapism is a matter of urgency re-
quiring identification of the underlying etiology be-
cause prompt therapy may successfully alleviate the
condition and minimize potential morbidities.

Ischemic Priapism (Table 15.1)

Ischemic or low-flow priapism accounts for more
than 95% of all priapism episodes. Ischemic priapism
is typically associated with a rigid and painful erec-
tion with stasis of blood, and which is not relieved by
ejaculation or orgasm. (Stuttering or intermittent
priapism is a recurrent form of low-flow priapism
whereby the painful erections occur repeatedly with
periods of intervening detumescence.)

Sickle cell disease and other hematologic abnor-
malities are most often associated with low-flow pri-

apism. Various drugs may precipitate an episode of
ischemic priapism, such as trazodone, antihyperten-
sive agents, alcohol, marijuana, cocaine, as well as
intracavernous vasoactive agents such as papaver-
ine, prostaglandin E1, phentolamine and others.

Physical examination typically reveals painful or
tender complete rigidity of the corpus cavernosa,
sparing the glans and spongiosum. Abdominal and
genital examination may reveal evidence of prior
trauma or malignancy. Laboratory evaluation, in-
cluding complete blood count (CBC) and white
blood count (WBC), to rule out infection and hema-
tologic abnormalities, reticulocyte counts, hemoglo-
bin electrophoresis when indicated, drug screening
(e.g. cocaine and its metabolites), corporal blood gas
testing, and duplex ultrasound (if available), should
be performed. Cavernous blood gas findings in is-
chemic priapism may include pO2 < 30mmHg, pCO2

> 60mmHg, and pH < 7.25. Cavernous blood gas
findings similar to arterial blood are found in patients
with non-ischemic priapism.

Ischemic Priapism: Treatment

In general, immediate surgical intervention should
be avoided while less invasive and often successful
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alternatives are first attempted, especially in cases of
less than six hours duration. Previous recommenda-
tions for priapism episodes associated with sickle cell
disease included prolonged treatments with oxygen,
analgesics, and intravenous hydration, prior to in-
tracorporal therapy or surgical intervention, due to
the often repetitive and self-limiting nature of their
priapism episodes. Unfortunately, this regimen is
often unsuccessful and results in an increased rate of
corporal fibrosis and erectile dysfunction, and is no
longer recommended. In very select cases of pri-
apism associated with sickle cell disease, the success-
ful use of exchange transfusions to reduce the
fraction of abnormal HbS hemoglobin, and hyper-
transfusion with packed red blood cells to double the
hematocrit and diminish the fraction of HbS present,
has been described to achieve detumescence. Early
hemoglobin electrophoresis to determine the frac-
tional percentage of HbS present serves as a useful
guideline for monitoring subsequent transfusion
therapy. As with any transfusion of blood or blood
products, the associated risks, including disease
transmission and HIV, should be discussed with the
patients prior to transfusion, and the potential bene-
fits weighed against the disadvantages.

The AUA guidelines committee recommends the
use of phenylephrine, an alpha-selective adrenergic

agonist with no indirect neurotransmitter-releasing
action. This agent minimizes the risk of cardiovas-
cular side effects that are more commonly seen 
with other sympathomimetic agents. For intracaver-
nosal use in adult patients, phenylephrine is diluted
with normal saline to a concentration of 100 to 
500µg/mL. One mL injections are made every 
five minutes as needed, up to one hour. During 
treatment, patients should be observed for symp-
toms, such as acute hypertension, headache, reflex
bradycardia, tachycardia, palpitations, and cardiac
arrhythmia.

For children or those with severe cardiovascular
disease, lower doses are recommended. In patients
with severe cardiovascular disease, it is prudent to
monitor blood pressure and pulse rate in a controlled
surveillance setting.

The use of oral terbutaline, a beta-agonist, both for
the preventive and active treatment of ischemic pri-
apism has been suggested. However, there are no
studies to date demonstrating clear efficacy over
placebo, and their use in the management of pri-
apism is not recommended.

For patients with recurrent or “stuttering” pri-
apism, a monthly regimen of gonadotropin-
releasing hormone analogues can be effective in
decreasing the occurrence of priapism. Likewise, the
use of oral digoxin at therapeutic levels has been
shown to be safe and efficacious for decreasing the
frequency of recurrent priapism episodes while al-
lowing for normal sexual function and libido.

Associated Issues of 
Ischemic Priapism

1 Persistence and recurrence despite active inter-
vention.
2 Erectile dysfunction. It is estimated that more than
25% of patients with priapism will have some degree
of ED.

Non-Ischemic (High Flow) Priapism

Non-ischemic or high-flow arterial priapism is a
form of priapism typically caused by traumatic cav-
ernosal artery laceration, or injury that enables 
unregulated flow of arterial blood directly into 

Table 15.1 Key clinical findings in priapism. Adapted
from AUA Guidelines on Management of Priapism, 2003.

Ischemic Non-ischemic
Findings priapism priapism

Corpora cavernosa Usually Seldom
fully rigid

Penile pain Usually Seldom
Abnormal cavernosal Usually Seldom

blood gas
Blood abnormalities and Sometimes Seldom

malignancy
Recent intracorporal Sometimes Seldom

injection
Chronic, well-tolerated Seldom Usually

tumescence
Perineal trauma Seldom Sometimes
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the lacunar spaces of the corpora, bypassing the 
protective, high-resistance helicine arterioles. This
constant unregulated flow results in the pathogno-
monic arterial–lacunar fistula (ALF) of high-flow
priapism.

The clinical characteristics of non-ischemic pri-
apism typically include a pre-morbid history of trau-
ma, delayed onset of priapism following the trauma,
incomplete rigidity of the phallus compared to pre-
morbid sexually-stimulated erectile rigidity, and a
constant erection that is painless, non-tender, of per-
sistent partial rigidity throughout the day and night,
with the potential for increase to full rigidity with
sexual stimulation. Although spontaneous resolu-
tion may occur, with non-ischemic priapism the
painless, partial erection will often continue unless
“active” intervention is performed.

Selective internal pudendal arteriography has
been the mainstay of diagnostic and therapeutic
maneuvers for arterial priapism. The pathognomon-
ic arteriographic finding is of an arterial–lacunar
fistula—a characteristic intracavernosal cone-shaped
blush of contrast at the site of the cavernosal artery 
laceration.

Unfortunately, these therapies have had little suc-
cess in reversing the high-flow priapism state and are
currently not recommended by the AUA guidelines
for priapism therapy.

The current standard of intervention remains se-
lective internal pudendal arteriography with tran-
scatheter autologous clot embolization. The goal of
this therapy is to induce temporary occlusion of the
cavernosal artery in order to allow the injured site to
heal. The temporary nature of this occlusion allows
for the subsequent reestablishment of physiologic-
ally-controlled normal cavernosal blood flow, with
preservation of erectile tissue viability and normal
long-term erectile function. This form of minimally-
invasive intervention has a high probability for reso-
lution of the priapism with restoration of erectile 
potency compared to more invasive techniques, 
including permanent coil embolization and surgical
ligation of the cavernosal artery.

Studies comparing perineal duplex ultrasound
and concomitantly preformed selective internal pu-
dendal arteriography have revealed excellent sensi-

tivity in detecting the arterial–lacunar fistula that is
seen angiographically on ultrasound (12 of 12 cases).
In both the selective internal pudendal arteriogra-
phy and perineal duplex study, the arterial lacunar
fistula was noted at the same location. In fact, in 
one reported case where physical examination sug-
gested incomplete return to flaccidity and post-
embolization due to recurrent fistula, the negative
perineal duplex Doppler ultrasound study correctly
predicted the final clinical outcome of complete pri-
apism resolution and full erectile function. Therefore
if the follow-up clinical examination is equivocal for
recurrence of the arterial lacunar fistula, perineal
duplex Doppler ultrasound may better predict the
need for repeat arteriography and embolization.

The current algorithm for the management of
non-ischemic priapism is seen in Fig. 15.2. The algo-
rithm emphasizes patient history, physical examina-
tion, pre-morbid and current erectile function
status, and the use of perineal duplex Doppler ultra-
sonography for initial identification of the pathogno-
monic arterial–lacunar fistula. If an “active” course
of treatment is chosen, selective internal pudendal 
arteriography and embolization with autologous
clot, with or without Gelfoam should be employed.
While complete detumescence is ideally seen imme-
diately following selective embolization, partial
tumescence at this time may be related to long-
standing edema, reinforcing the concept that physi-
cal examination alone cannot be used to determine
the endpoint of treatment or as the sole means of 
follow-up evaluation. Serial perineal and penile 
duplex studies over the days and weeks post-
embolization should be part of the overall regimen to
assure adequate resolution of the arterial lacunar fis-
tula. If further intervention is required, perineal du-
plex studies can reduce the reliance upon multiple
subsequent angiographic procedures and their 
associated risks.

Conclusion

The medico–legal aspect of priapism and its associat-
ed diagnostic and therapeutic interventions remains
important in our litigious society. The physician
should explain to the patient the natural history of
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the disease and the extremely high risk of developing
erectile dysfunction, early or late, despite active or
no intervention. Discussion should include the ad-
vantages and potential disadvantages of the various

treatment alternatives, as well as the risks associated
with no treatment at all. Documentation of this, in
addition to any prior erectile dysfunction, and all
counseling sessions, should be meticulous.

PRIAPISM
(erection > 4 hours)

Simultaneous treatment 
of any 

underlying disease 
(e.g. sickle cell crisis) 

Cavernous aspiration 
with blood gas 

or Doppler ultrasound 

ISCHEMIC NON-ISCHEMIC

Aspiration with or 
without aspiration Phenylephrine

*Distal shunting 

*Repeat shunt procedure or 
consider proximal shunting 

Consider expectant 
management

*Arteriography and 
embolization with 

autologous
clot/Gelfoam

*If persists, repeat perineal
Doppler ultrasound 

*Consider surgical procedure

History and physical 
examination

Fig. 15.1 Management algorithm for priapism.
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Active intervention

Suspicion of arterial priapism

Bright red corporal blood 
aspiration with high oxygen 

tension

Perineal duplex Doppler ultrasound 
arterial–lacunar fistula visualized

Constant,
painless erection

Diagnostic pudendal arteriogram 
arterial–lacunar fistula visualized 

Selective embolization 
with autologous clot 

(add Gelfoam if recurrent)

Follow-up perineal duplex 
Doppler ultrasound

Expectant management 
"watchful waiting"

Consider further therapies: 
 -Tension band / vacuum device
 -Intracavernosal pharmacotherapy
 -Inflatable penile prosthesis   

History of penile or 
perineal trauma

Perineal duplex study

Dynamic infusion 
Pharmacocavernosometry

and cavernosography

Continue
observation

NormalAbnormalArterial–lacunar fistula

Penile duplex Doppler

Continue
observationAbnormal Normal

(+)

(-)

(-)

(+)

(-)

(+)

What is the integrity of erectile hemodynamics? 
Has cavernosal artery laceration healed? 

Has cavernosal artery flow returned? 
Is there evidence of cavernosal leak? 

Fig. 15.2 Patient management algorithm based on study group data.
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Guidelines for the Surgical
Management of Priapism

Clinical guidelines
Venocclusive (ischemic, low-flow)
priapism
Venocclusive priapism is an emergency that requires
urologic consultation. Time is of the essence in the
preservation of erectile tissue integrity and erectile
function. Failure to respond in a timely fashion may
result in greater loss of erectile tissue and function.

Timing of surgical intervention
There is no data to answer at what time point after
initiation of medical treatment (corporal aspiration
and α-agonist administration) should a deci-
sion be made to perform a shunt, although many
practitioners and the International Consultation
Committee recommend attempting corporal aspira-
tion and α-adrenergic agonist treatment for at least
one hour prior to considering surgical intervention
(see chapter on medical management of priapism).
During this hour it is recommended that patients
have their blood pressure and cardiac rate/rhythm
monitored because of the risk for hypertension/re-
flex bradycardia in response to α-adrenergic agonist
administration. In patients that have contraindica-
tions to α-agonist administration (malignant or
poorly-controlled hypertension, use of monoamine
oxidase inhibitor medications), an earlier decision
regarding surgical intervention may be necessary.
Failure of medical measures to result in permanent
detumescence needs to be documented. Some
authorities suggest that consideration be given to
performing a repeat blood–gas analysis at the
termination of corporal aspiration, or a Doppler pe-
nile ultrasound (to assess cavernosal artery inflow)
prior to moving forward with surgical management.
The conduct of the latter maneuvers is left to the dis-
cretion of the supervising clinician.

• Corporal aspiration and a-agonist administration
should be attempted prior to considering shunt surgery.

Patient evaluation prior to 
surgical intervention
A comprehensive discussion should be held with the
patient concerning the risks and benefits of the
surgery, and clear documentation of this discussion
and, in particular the risk of permanent erectile tis-
sue damage and long-term erectile dysfunction,
must be placed in the medical record, and an
informed consent form signed by the patient or 
his guardian, preferably in the presence of a witness.
It is recommended that all medical records should be
both dated and timed because of the emphasis on
chronology of events in medico–legal cases pertain-
ing to priapism. Although it is universally accepted
that the longer a priapism event the more likely a
man is to experience long-term erectile dysfunction,
at what time this becomes inevitable is unclear.
There is evidence that 12 hours of priapism leads 
to overt histologic changes in corpus cavernosal
smooth muscle, as seen by light microscopy.

• The longer the venocclusive priapism event the greater
the chance of permanent erectile dysfunction.

Furthermore, at what time surgical intervention is
no longer warranted is unclear. It is the committee’s
recommendation that shunting be considered for
priapism events lasting ≤72 hours, that considera-
tion be given to foregoing shunting in priapism
events lasting >five days, in particular where no
blood can be aspirated from the corporal bodies upon 
presentation. For priapism events lasting between 
three and five days, judgement regarding the value
of shunt surgery is left to the discretion of the
individual clinician. Some authorities suggest
corporal smooth muscle biopsy be considered at the
time of shunt surgery [1]. If biopsy is planned this

Surgical Management of Priapism
John Mulhall
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should be delineated on the informed consent 
form.

• Shunt surgery should be considered for all cases of venoc-
clusive priapism lasting 72 hours or less.

Surgical options
The primary purpose of shunt surgery is oxyge-
nation of the corpus cavernosal smooth muscle
(CCSM). Shunts do not always result in immediate
detumescence, as the CCSM may remain paralyzed
for some time and, depending upon the duration of
the priapism event, significant tissue edema may 
be present, which will masquerade as penile 
tumescence/rigidity.

Shunt procedures are subdivided into four groups:
1 Percutaneous distal shunts (Winter, Ebbehoj)
2 Open distal shunt (Al-Ghorab)
3 Open proximal shunt (Quackles)
4 Saphenous vein (Grayhack)
It is recommended that a penile local anesthetic
block be performed if percutaneous shunts are to be
performed without general or spinal anesthesia. The
Winter shunt is performed using a tru-cut (or analo-
gous biopsy needle) [2]. Through a single stab inci-
sion (made with an 11 blade) in the glans, two passes
are made on each side of the glans. The tip of the nee-
dle must be placed at a point beyond the termination
of the corpus cavernosal tunica albuginea within the
glans. Once the biopsy needle is fired, a piece of tuni-
ca albuginea is removed and a communication is
made between glans (corpus spongiosum) and cor-
pus cavernosum. The skin puncture usually does not
require any suturing.

The Ebbehoj shunt differs in that, rather than
using a tru-cut needle, an 11 blade is used. The blade
is passed through the glans and the cavernosal tuni-
ca albuginea into the corporal body [3]. At this point,
the blade is withdrawn and simultaneously rotated
90 degrees in an effort to maximize the size of the
spongiosal-cavernosal communication. Little litera-
ture exists on the ability of these shunts to achieve
permanent detumescence of the penis. Winter in his
1988 review of 105 cases cited a high likelihood of
permanent detumescence. More recently, Nixon 
et al. reported on 28 patients with venocclusive 
priapism [2]. Patients were included in the analysis if

they had painful priapism more than four hours in
duration that was refractory to conservative man-
agement, ultimately requiring a surgical shunt. Of
the 28 patients included in the study, 13 (46%) re-
quired more than one operation for failed detumes-
cence, of which 12 (92%) initially underwent a
Winter shunt. Only 2/20 men (10%) with available
follow-up reported preservation of pre-morbid erec-
tile function. Three men (15%) achieved partial
erection without the assistance of oral or injectable
agents, while the remainder 15/20 (75%) had erec-
tile dysfunction. In his original report on his proce-
dure, Ebbehoj discussed 18 patients treated for
priapism using his technique. Eleven obtained com-
plete relief and follow-up examination of the 18 pa-
tients demonstrated normal erectile function in 11 
cases [3].

Many authorities prefer to commence surgical
management with an Al-Ghorab-type shunt [4].
This shunt is typically performed in an operating
room setting. A curvilinear incision is made just dis-
tal to the coronal sulcus on the glans. The tunica al-
buginea is identified and a segment of tunica is
excised leaving a generous communication between
the corpora spongiosum and cavernosum on each
side. One of the clear advantages of this approach is
that dark blood and/or clot can be evaluated from
corporal bodies through the fistulae and an assess-
ment of blood color can be accomplished prior to
wound closure. The glans incision is then sutured
and the penis is gently wrapped with an absorbent
dressing. There is no data comparing percutaneous
and open distal shunt outcomes; however one of the
factors involved in the success of shunts is shunt pa-
tency (the other is the degree of CCSM damage at
presentation/pre-shunt surgery). Thus, it is likely if
duration of priapism and CCSM status is controlled
for, that open shunts are likely to result in higher
shunt patency rates.

Prior to leaving the operating room, an assessment
is required to define if the shunt is patent, thus pro-
moting CCSM oxygenation—that is, that fresh blood
is flowing into the corporal cavernosa. This can be ac-
complished in a number of ways:
1 Visualization of bright red blood emanating from
the corpora cavernosa
2 Obtaining a corporal blood–gas analysis
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3 Cavernosal artery Doppler ultrasound
4 Measurement of intracavernosal pressure
5 Penile compression maneuver
Documentation of one of these findings must be
made in the operation report. The presence of bright
red blood signifies that oxygenated blood is circulat-
ing through the corpora cavernosa, which is the
main purpose of shunt surgery. This may be con-
firmed by sending a blood specimen for gas analysis.
An intraoperative Doppler ultrasound can confirm
arterial inflow through the cavernosal arteries.
Some authorities have suggested that measurement
of intracavernosal pressure may be predictive of per-
manent detumescence but data to support this con-
cept is lacking. Finally, a simple maneuver can be
used to document that the Al-Ghorab shunt is
patent. Manual compression of the penile shaft from
side to side proximal to the shunt that generates
pressure greater than systolic blood pressure, thus
occluding cavernosal arterial inflow, should result in
immediate detumescence of the penis if the shunt is
patent. It is important to avoid circumferential com-
pression when doing this, as this will cause complete
venocclusion, thus preventing efflux of blood from
the penis.

• Documentation of shunt patency at the completion of
shunt surgery is recommended.

In cases where a distal shunt fails, a proximal
shunt is indicated. This decision may be made in the
operating room after the completion of the distal
shunt if patency cannot be established or if oxy-
genated blood is not present within the corporal bod-
ies. Alternatively, a decision to proceed with a
secondary procedure (proximal shunt) may be made
within hours of performance of the distal shunt. 
The most commonly performed proximal shunt
(Quackles) involves performing a transverse scrotal
or perineal incision [5]. Prior to creation of the 
spongiosal–cavernosal communication, a urethral
catheter is placed. The tunica albuginea of both cor-
poral bodies is identified and communications are
fashioned bilaterally between corpus spongiosum
and corpus cavernosum. There is no data compar-
ing bilateral and unilateral spongiosal–cavernosal
shunts. It is, however, the recommendation of the

committee that such shunts should be performed bi-
laterally. Typically, these communications are stag-
gered; that is, right side and left side are separated by
a distance of at least 1cm in an effort to minimize the
risk of urethral stricture at the point of fistulization.
An ellipse of tunica is excised from the corpus caver-
nosum and a similarly-sized ellipse excised from the
spongiosum. The edges of the ellipses are sutured in
watertight fashion. This technique also allows “milk-
ing” of old blood and assessment of blood color prior
to wound closure. After wound closure, the penis is
gently wrapped with a dressing.

In cases where proximal shunt fails, some author-
ities advocate performing a saphenous vein bypass
procedure (Grayhack procedure) [6], whereby the
saphenous vein is interrupted below its junction
with the femoral vein and tunneled subcutaneously
for an anastomosis to one corporal body by excising
an ellipse of tunica albuginea. The literature has a
paucity of outcome analyses on the success of any of
these procedures, but it is likely that their ability to
achieve oxygenation of CCSM is related to the size of
fistula between spongiosum and cavernosum, and
their ability to lead to preservation of erectile func-
tion is related to duration of priapism event and the
extent of CCSM structural changes at the time of the
shunt procedure. Consideration may be given to uri-
nary drainage by urethral or suprapubic catheter
drainage in the immediate post-shunt period, in pa-
tients who have difficulty voiding or in those who
have undergone Quackles shunting.

• It is recommended to commence with a distal shunt
and when this fails to perform a proximal shunt.

Some authorities have suggested performing im-
mediate penile prosthesis implantation for late-
presentation priapism. The time point at which this
becomes a reasonable option is unclear; however,
the committee recommends that any discussion per-
taining to early prosthesis insertion be documented
and include a comprehensive review of the advan-
tages (preservation of penile length) and disadvan-
tages (infection, mechanical malfunction, urethral
injury, device erosion). The Ralph group in London
studied eight patients with priapism who underwent
immediate penile prosthesis implantation [7]. Mean
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duration of priapism was 91 hours (range 32 to 192
hours). All patients had failed conservative manage-
ment with the instillation of α-adrenergic agents,
and four had already undergone shunt procedures
elsewhere. Immediate management consisted of the
insertion of a malleable prosthesis in six patients and
an inflatable prosthesis in two. In this case series,
there were no early complications, with all patients
being satisfied with the end result, and seven being
capable of having sexual intercourse.

The most obvious advantage of this approach is
preservation of penile length, as priapism is associ-
ated with universal dramatic reduction in penile
length due to collagenization and fibrosis of the cor-
poral smooth muscle. This process leads to a difficult
penile prosthesis insertion when performed in a de-
layed fashion. In the Ralph series, all patients main-
tained their penile length. Which implant type is
optimal in this scenario depends primarily on avail-
ability and local financial considerations. The sur-
geon is forewarned that penile prosthesis insertion in
the setting of a recent prior distal shunt (particularly,
an Al-Ghorab shunt) may be associated with a high-
er incidence of distal corporal perforation because of
the tunical defect at the distal end of the corpora cav-
ernosa; likewise, penile prosthesis insertion in the
setting of a proximal shunt may be associated with a
higher incidence of urethral injury (at the point of
the shunt). Thus, the surgeon is urged to exercise ex-
treme caution during corporal dilation during these
procedures and consideration may need to be given
to buttressing or reconstruction of the tunica at the
site of prior shunt surgery.

• Early penile prosthesis insertion may be associated with
an increased rate of tunical perforation at the site of a prior
shunt.

Postoperative management
Once the patient has exited the operating room, it is
essential that repeated evaluation be conducted to
ensure that the shunt remains patent. It is recom-
mended that the patient be re-evaluated prior to
leaving the recovery (post-anesthesia care) unit.
Once the patient has been discharged to the surgical
floor/ward, he needs to be re-evaluated in a serial
fashion for the next 24 hours. At each assessment,

shunt patency or corporal blood oxygenation needs
to be defined. Relying on the degree of penile tumes-
cence alone or patient-reported pain is unreliable.
Oftentimes, despite good shunt patency, patients
continue to have penile pain as a result of the penile
trauma secondary to aspiration attempts and the
shunt procedures themselves. Furthermore, resid-
ual penile tumescence due to CCSM edema is com-
mon in men whose venocclusive priapism event has
lasted longer than 12 hours. Thus, patency evalua-
tion should include either the penile compression
maneuver (outlined above) for distal shunts, or cor-
poral blood gas where distal shunt patency is in ques-
tion, and for all proximal shunts. Adequate pain
control should be prescribed. The patient should not
be discharged from hospital until such time as a final
determination has been made that either permanent
detumescence has been achieved or that irreversible
erectile tissue damage has occurred.

Following discharge from hospital, the patient
should be followed-up within a few weeks for
wound assessment. At further follow-up meetings,
assessment of residual erectile function should be
made. While postulated, the role of strategies for pe-
nile fibrosis minimization (oral colchicine) and pe-
nile length preservation (vacuum device) is unclear
in the absence of outcomes data. Any conversation
with the patient regarding the use of erectogenic
medications (phosphodiesterase-5 (PDE-5) in-
hibitors, intra-urethral agents, intracavernosal in-
jection agents) must include discussing the fact that
men with a history of priapism using such agents
must be carefully monitored. Patients using erecto-
genic medications must be monitored closely. While
intriguing, the animal data supporting reduction in
priapism events in sickle cell mice with chronic PDE-
5 inhibitor administration is preliminary and no
human studies have been conducted to date.

A number of case series evaluating outcomes of
shunt surgery exist in the literature and these are
presented in Table 15.2.

Many case reports exist and these are not re-
viewed. El-Bahnasawy et al. studied 35 patients
(mean age 37.1 years, range 22 to 66) with a diagno-
sis of venocclusive priapism [8]. The median (range)
duration of priapism was 48 (6 to 240) hours. Almost
half the patients presented >48h after the onset of
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priapism. Sixteen patients (32%) reported a history
of previous recurrent attacks, of whom seven had a
history of previous treatments. The main cause of
priapism was idiopathic or intracavernosal injection
with papaverine. All patients were treated initially
by corporal blood aspiration and injection with
ephedrine; if this failed or if the priapism was 
prolonged (>48h) various shunts were used. The
hospital stay was significantly shorter among pa-
tients with papaverine-induced or brief priapism. In
the long-term follow-up of 35 patients (mean 66.4
months, range 3 to 220) only 15 (43%) reported pre-
served erectile function, and this was more likely in
patients with brief priapism (<48h). Eight patients
(23%) reported subsequent recurrent attacks of pri-
apism; all were managed successfully as they pre-
sented shortly after their onset. Penile fibrosis was
detected in 20 patients (57%), and was significantly
more common in those with prolonged priapism
(>48h) or from causes other than papaverine. The 
20 impotent men evaluated by Doppler ultrasonog-

raphy had severe echo-dense penile fibrosis and high
end-diastolic velocities, suggesting veno-occlusive
incompetence in all except two. In five men 
with shunts, cavernosography showed extensive 
venous leakage irrespective of site of the shunt. 
magnetic resonance imaging (MRI) in five patients
with penile fibrosis showed heterogeneous areas of
low signal intensity, corresponding with hemo-
siderin deposition and fibrosis. On univariate analy-
sis the final result of management (complete
detumescence or not), the duration of priapism and
the presence of penile fibrosis, significantly influ-
enced erectile function. On multivariate logistic re-
gression only the first remained significant.

Kulmala et al. studied erectile function outcomes
of 124 cases of priapism in previously potent patients
[9]. Thirty-nine per cent of the patients became im-
potent. The duration of symptoms before treatment
correlated markedly with the risk of impotence, in
that 92% of those whose priapism had lasted less
than 24h remained potent, but only 22% of those for

Table 15.2 Case series of shunt surgery for venocclusive priapism.

Patient Etiology of Duration Shunt
Author Year number priapism of priapism Type Functional erections

Nixon [11] 2003 28 NM NM NM 25%

El-Bahnasawy [8] 2002 35 Idiopathic, ICI 48 h (6–240) Various 43%

Lawani [12] 1999 17 NM NM NM 45%

Kulmala [9] 1996 124 Various NM Various Overall, 69%
92% <24 h, 22% >7 days; 
88% <30 years, 40% >50 years

Chakrabarty [10] 1996 5 SSD NM NM Dependent on patient age and
duration of priapism

Kaisary [13] 1986 14 NM NM Various 86% <12 h

Proca [14] 1979 6 NM NM NM 32%

Richard [15] 1979 8 NM NM Sapheno– 70%
cavernous

Winter [2] 1978 105 NM NM NM

Ebbehoj [3] 1977 18 NM NM NM 55%

ICI: intracavernosal injection therapy; NM: not mentioned; SSD: sickle cell disease
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whom it had lasted longer than seven days did. The
younger the patients the better the prognosis, so that
88% of those younger than 30 years preserved their
potency but only 40% of those older than 50 years
remained potent. The prognosis was poorest when
heparin therapy or a combination of alcohol drink-
ing and psychopharmaceuticals was the etiologic
factor behind priapism. Only 31% of patients pre-
served their potency after conservative treatment for
priapism, whereas 69% of those treated with small
glanulo–corporal shunts did so.

Chakrabarty et al. retrospectively reviewed pedi-
atric patients with sickle cell priapism and subse-
quently assessed erectile capabilities, subjectively by
questionnaire, and objectively by RigiScan [10]. Of
the 15 patients interviewed, five had undergone
shunt procedures. The return of potency tended to
vary inversely with patient age at onset and duration
of priapism. Kaisary et al. analyzed 22 patients with
priapism [13]. Fourteen various surgical shunts
were carried out. Success of surgical treatment, as
demonstrated by detumescence and maintenance of
potency, was best achieved in those patients who
were treated less than 12 hours following onset of
priapism, irrespective of whichever venous shunting
technique was used (6/7 patients, 86%). Richard 
et al. evaluated the records of 12 venocclusive pri-
apism patients [15]. Treatment consisted of eight
sapheno–cavernous shunts, achieving detumes-
cence in seven cases, and preserving sexual potency
in five. Moncada et al. reported on five patients with
venocclusive priapism who underwent the Gray-
hack procedure. Two patients had no fibrosis of the
CCSM yet had complete erectile dysfunction after
the operation. Cavernosography revealed a patent
shunt. Potency returned after ligation and division of
the saphenous vein. In the other three cases caver-
nosography revealed thrombosis of the shunt. Fibro-
sis of the cavernous tissues was believed to be the
cause of erectile dysfunction in these cases. The au-
thor suggested that in cases where erectile function
does not return within three months of the Grayhack
procedure, the shunt should be ligated.

Key recommendations
• Document accurately, including timing and dating of all
records.

• Obtain informed consent before surgical intervention.
• Ensure an adequate trial of corporal aspiration and a-
agonist administration.
• Shunts must accomplish a wide fistula between spongio-
sum and cavernosum.
• Commence with a distal shunt.
• Define the patency of the shunt prior to sending patient to
the surgical floor.
• Conduct serial postoperative examination to define
maintenance of shunt patency.
• Perform repeat shunt (proximal) if patency cannot be es-
tablished or is absent.
• Follow-up with patient on erectile function outcomes.
• Document discussion regarding erectile dysfunction drug
use in men with priapism history.
• Closely monitor priapism patients using erectogenic 
drugs.

Arterial (non-ischemic, high-flow)
priapism
Arterial priapism is not a urologic emergency, as the
corporal bodies remain oxygenated. The patient
usually has little pain and the driving force behind a
patient opting for intervention is embarrassment
and the nuisance of living life with a permanent par-
tial erection. Once a formal diagnosis has been made,
any intervention must follow a comprehensive dis-
cussion with the patient regarding pros and cons and
risks and benefits of any of the procedures advocated
by the clinician. Expectant management is 
considered a reasonable option given the data that 
a minority of fistulae will close spontaneously. 
Surgical ligation of a fistula should occur only in 
patients who fail angioembolization, or in whom 
angioembolization is contraindicated (see chapter
on medical management of priapism).

• It is recommended that angioembolization be considered
as first-line treatment in patients opting for intervention for
arterial priapism.

Surgical ligation procedures
In cases of long-standing arterial priapism, where 
the likelihood of a well-developed pseudocapsule
around the fistula are greater (to aid localization),
surgical ligation has been reported to be successful.
No case series exist in the literature, although
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numerous case reports are cited. Currently, this in-
tervention is reserved for patients who do not wish to
pursue expectant management, and who are either
poor candidates for angioembolization, do not want
this procedure, or where it is not technically feasible
or where angioembolization fails after at least one re-
peat attempt. Which clot material is optimal is a mat-
ter of debate without any robust data to answer this
question.

Shapiro et al. reported on two cases requiring sur-
gical ligation of the fistula. In each patient, angio-
graphic embolization was attempted but abandoned
because the distal artery feeding the fistula could not
be safely catheterized. Both patients were definitive-
ly treated with surgical ligation of the arteriovenous
fistula, guided by intraoperative ultrasound. Two
surgical approaches were used, one extracorporal
and the other transcorporal, with successful preser-
vation of erectile function. Kim et al. reported on two
patients with arterial priapism that occurred after
blunt perineal trauma and lasted for a mean duration
of 38 days. Cavernous arterial blushes were demon-
strated on selective internal pudendal arteriograms
and angioembolization was achieved by autologous
clot. Both patients experienced return of pre-morbid
erectile function and no local or systemic complica-
tions occurred.

Key recommendations
• Document accurately, including timing and dating of all
records.
• Obtain informed consent before surgical intervention.
• Arterial priapism is not emergent and may be managed
conservatively.
• Diagnosis is best made by penile/perineal duplex
Doppler ultrasound.
• Angioembolization represents first-line intervention.
• Where angioembolization fails or is contraindicated 
surgical ligation is reasonable.

Guidelines for Research in Surgical
Management of Priapism

As can be seen from the cited literature, outside of
case reports and, generally, small case series, little
data exist on outcomes following shunt surgery.
While more data exists on outcomes from angioem-

bolization, there is ample room for greater urologic
involvement in this area.

There is a need for research in the surgical man-
agement of priapism in the following areas:
1 Outcomes analysis of shunt surgery as it pertains
to erectile function
2 Defining the correlation between duration of pri-
apism and erectile function
3 Outcomes analysis of immediate penile prosthesis
surgery
4 Erectile function outcomes following ligation of
arteriocavernous fistula
The committee recommends that erectile function
outcomes following surgical intervention for venoc-
clusive and arterial priapism be assessed using a 
validated instrument, with an attempt to have the
patient document pre-priapism function and to fol-
low this after the priapism event. It is believed that
this is the only way in which we can accurately doc-
ument the optimal approach to surgical manage-
ment of these patients. There are a variety of
questionnaires available, but at the time of writing
the international index of erectile function (IIEF) is
the most frequently utilized and is the questionnaire
recommended for erectile function assessment. 
The committee hopes that erectile function analysis,
as well as patient (as well as partner) satisfaction as-
sessment, be conducted in patients who undergo
post-priapism implant surgery, whether this be con-
ducted in an early or a delayed fashion. Currently,
there exists no satisfaction instrument specifically
for penile prosthesis patients, thus no recommenda-
tion can be made as to which questionnaire should
be used.
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Introduction

Ejaculatory dysfunction (EjD) is one of the most
common male sexual disorders. The spectrum of EjD
extends from premature or rapid ejaculation,
through delayed ejaculation to a complete inability
to ejaculate, anejaculation, and includes retrograde
ejaculation and painful ejaculation. The sexual re-
sponse cycle comprises four interactive, non-linear
stages: desire, arousal, orgasm, and resolution. In
males, the fourth stage of orgasm is usually coinci-
dent with ejaculation, but represents a distinct cog-
nitive and emotional cortical event. Ejaculatory
dysfunction is a disruption of the fourth stage of
orgasm.

Physiology of Ejaculation

The physiology of ejaculation may be distinguished
in the neurophysiology and neuropharmacology of
ejaculation.

Neurophysiology of ejaculation
Both the central and peripheral neural system is 
involved in the ejaculatory process.
• Central Nervous System: The brain, brainstem and
lumbospinal cord contain various areas that are in-
volved in ejaculation. These areas have been identi-
fied in male rat studies. Specific information on areas
in the human brain leading to ejaculation is mostly
lacking. However, one positron electron tomogra-
phy (PET) scan study in normal male volunteers has
shown that during ejaculation a dopamine-rich area,
the ventral tegmental area (VTA), becomes strongly
stimulated [1].
• Peripheral Nervous System: The autonomic 

(peripheral) nervous system, and particularly the
sympathetic nervous system, mediates ejaculation.
The mechanism of ejaculation is divided into two
phases: emission and expulsion.
• Emission: During emission, semen (e.g. sperm and
seminal fluids) is deposited into the posterior urethra
through contractions of the vasa deferentia, seminal
vesicles, and prostate. At the same time, the internal
sphincter of the urinary bladder is closed.
• Expulsion (or true ejaculation): Emission is immedi-
ately followed by expulsion. During expulsion,
semen is forcefully propelled along the urethra and
out of the penis by clonic contractions of striated
muscles of the pelvic floor.
It should be noted that compared to erection, human
ejaculation has, until recently, been poorly investi-
gated [2]. Although the neurophysiology of ejacula-
tion is often described in absolute terms, a detailed, 
non-disputed physio–anatomic description of the
mechanism of human ejaculation has still to be 
produced [2].

Neuropharmacology of ejaculation
Ejaculation is centrally mediated by both the 
serotonergic (5-hydroxytryptamine; 5-HT) and
dopaminergic systems [3]. Animal studies have 
clearly demonstrated that activation of the 5-HT1A
receptor facilitates ejaculation. Other animal studies
suggest involvement of 5-HT2C and 5-HT1B recep-
tors. It is assumed that in men these receptors have
similar functions, but evidence-based data about
their role in men is still lacking.

On the other hand the mechanism of action of
serotonergic neurons is well known. Interference of
these mechanisms by daily use of selective serotonin
re-uptake inhibitor (SSRIs) drugs initially leads to
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only mild changes in the serotonergic content of
their synapses. It is only after desensitization of 5-HT
receptors, usually occurring within one to two
weeks, that the 5-HT content of the synapse increas-
es in a non-natural way, hereby stimulating various
post-synaptic 5-HT receptors. The timing of interfer-
ence may have consequences for the extent of clinical
efficacy of on-demand and chronic use of SSRI drugs
[4].

Premature Ejaculation

Although premature ejaculation (PE) is considered
the most frequent self-reported male sexual dys-
function, there is a lack of a universally accepted 
definition [5]. This has led to a wide range of preva-
lence estimates and the development of proposed
guidelines for the use of the varied psychologic and
pharmacologic therapeutic interventions [6].

Premature ejaculation may affect the level of sex-
ual satisfaction of both men and/or their partners.
However, few studies have examined the impact of
PE on the man, his partner, and/or their relationship
[7,8]. Many patients are reluctant to seek help and to
discuss this issue with their physician out of embar-
rassment and uncertainty whether effective treat-
ment options are available. In many relationships,
PE causes few if any problems. Couples may reach an
accommodation of the problem through various
strategies—young men with a short refractory peri-
od may often experience a second and more con-
trolled ejaculation during a subsequent episode of
lovemaking. Frequently however, PE eventually
leads to significant relationship problems with part-
ners regarding the man as selfish and developing a
pattern of sexual avoidance. This only worsens the
severity of the prematurity on the occasions when
intercourse does occur.

Epidemiology

Premature ejaculation is claimed to be the most
common male sexual disorder, affecting 5–40% of
sexually-active men [9]. It is believed that there is 
a higher frequency of PE in adolescents or young
adults. Premature ejaculation is more frequently re-
ported by men in East Asia (China, Indonesia, Japan,

Korea and Malaysia), and less frequently by men in
Middle Eastern and African countries (Algeria,
Egypt, Morocco and Turkey). The European preva-
lence of PE is said to be between that of East Asia and
Middle East and African countries [10].

The prevalence of self-reported PE is difficult to 
interpret, as non-quantified subjective complaints of
PE may not have the same meaning in different cul-
tures. In addition, it is unknown to what extent the
role of, and the emancipation of, females determines
the opinion of the men who self-report PE.

The current knowledge of the epidemiology of PE
is limited by both the lack of a consensus definition of
lifelong PE and a failure to consistently distinguish
lifelong and acquired PE in most earlier studies.
Medical literature contains several univariate and
multivariate operational definitions of premature
ejaculation. The lack of agreement as to what consti-
tutes premature ejaculation has hampered basic and
clinical research into the etiology and management
of this condition.

Premature ejaculation has been defined in various
ways. Masters and Johnson defined PE as “. . . the 
inability to delay ejaculation long enough for the
woman to achieve orgasm fifty per cent of the time”
[11]. On the other hand the American Psychiatric
Association’s DSM-IV-R classified PE as “. . . the per-
sistent or recurrent ejaculation with minimal stimu-
lation before, on, or shortly after penetration and
before the person wishes it . . . the disturbance caus-
ing marked distress or interpersonal difficulty” [12].
The World Health Organisation’s ICD-10 defines PE
as “. . . an inability to delay ejaculation sufficiently 
to enjoy lovemaking” [13]. Recent quantification 
of the intravaginal ejaculation latency time (IELT)
has introduced a more evidence-based approach 
to defining PE.

A cohort stopwatch study in a random sample of
491 men from five different countries (The Nether-
lands, the United Kingdom, Spain, Turkey, and the
United States) demonstrated a positively-skewed
distribution of the IELT, with a median IELT of 
5.4min (range 0.55–44.1min) [14] (Figure 16.1). By
applying the 0.5 and 2.5 percentiles as accepted stan-
dards of disease definition it appeared that the 0.5
percentile equated to an IELT of 0.9min, and the 2.5
percentile to an IELT of 1.3min. It was proposed that
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men with IELT values <0.5 percentile have “definite”
PE, and men between 0.5 and 2.5 percentile have
“probable” PE. Large-scale international studies
using the same methodology, which also include 
information about feelings of control, have been rec-
ommended by the authors to further clarify the epi-
demiologic distribution of the IELT and subjective
complaints of PE [14,15].

Etiology and Risk Factors

Lifelong PE
For about a century it was thought that lifelong PE is
mainly caused by psychologic factors. Several differ-
ent psychologic mechanisms have been proposed.
• Psychoanalytic theory: Karl Abraham (1917) postu-
lated that PE is due to unconscious hostile or anxious
feelings towards women [16].
• Psychosomatic theory: In 1943 Bernard Schapiro
suggested that PE be considered a psychosomatic dis-
order in which psychologic problems influence the
activity of the genitals, which are thought to be weak
in men with PE [17]. However both psychoanalytic

hypotheses and other hypotheses, suggesting a 
higher degree of neurotic symptoms or psy-
chopathology in PE patients, have not been experi-
mentally demonstrated.
• Behavioral theory: Masters and Johnson (1970)
claimed that PE is due to learned behavior related to
the occurrence of ejaculations at first intercourse
[11]. However, they did not provide strong empirical
evidence for their theory.
• Sexual arousal theory: Kaplan (1974) proposed that
the central etiologic factor in PE was a lack of aware-
ness of the level of sexual arousal and pre-orgasmic
sensations [18]. This lack of sensory feedback, or
“genital anaesthesia”, prevents the man from
achieving voluntary control of his ejaculatory reflex.
However, this hypothesis has not been yet been 
adequately tested or strongly supported [7].
• Hypersensitive sympathetic system: Assalian (1988)
postulated that premature ejaculation is related 
to a hypersensitivity of the sympathetic nervous 
system [19]. However, although this may have face
validity, this hypothesis has not yet been adequately
tested.
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Fig. 16.1 Distribution of intravaginal ejaculatory latency times (IELT) values in a random cohort of 491 men [14].
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• Ejaculation distribution theory: Waldinger (1998)
postulated that a dysregulation of the activation of
some serotonergic receptor subtypes and/or genetic
factors give rise to a biologic variation of the IELT in
men. According to this theory, men with lifelong PE
belong to the extreme left side of the IELT curve [20].
Recently such a biologic continuum of ejaculatory
latency has been demonstrated in male rats and in a
random population of men in different countries
[14,21]. The use of the 0.5% and 2.5% as accepted
medical standards of disease definition demon-
strated that the 0.5% percentile equals a one minute
IELT, and the 2.5% a 1.5 minute IELT. Although both
animal and human studies have indeed clearly
demonstrated the existence of an ejaculation time
distribution and a key role of the serotonergic system
in the motoric output of ejaculation, the core neuro-
biologic factors of PE, including genetic factors, 
remain to be discovered.

Acquired PE
In contrast to lifelong PE, much less attention has
been paid to the research of acquired PE. However, in
general, one can distinguish three main causes:
• Urologic causes: erectile dysfunction, prostatitis.
• Psychologic causes: feelings of insecurity towards the
partner, or a sexual relationship with a new partner,
may lead to PE. It is believed that PE in these cases
tends to only exsist temporarily. Evidence-based
studies however are lacking.
• Endocrine causes: Many patients with thyroid 
hormone disorders experience sexual dysfunction,
which can be reversed by normalizing thyroid hor-
mone levels. Jannini et al. reported acquired PE in
50% of men with hyperthyroidism and 7.1% in men
with hypothyroidism, and acquired inhibited ejacu-
lation (IE) in 2.9% of men with hyperthyroidism and
64.3% in men with hypothyroidism. After thyroid
hormone normalization in hyperthyroid subjects,
PE prevalence fell from 50% to 15%, while IE was
improved in half of the treated hypothyroid men
[22]. However, there appears to be no relation-
ship between lifelong PE and thyroid hormone 
disorders [23].
• Neurologic causes: Cerebrovascular accidents and
transient ischemic accidents in areas involved in the
neural circuitry of ejaculation may give rise to PE.

Diagnosis

Diagnosis of PE in clinical practice is not difficult and
is based on patient self-report, clinical history and
examination findings alone. Men with PE should be
evaluated with a detailed medical and sexual history,
a physical examination, and appropriate investiga-
tions, to establish the true presenting complaint and
any identifying obvious biologic causes, such as gen-
ital or lower urinary tract infection. Treating physi-
cians must interpret patient self-report of PE with
some caution as both PE and non-PE men tend to
somewhat overestimate their intravaginal ejacula-
tory latency time (IELT) compared to stopwatch-
recorded IELT. Pryor et al. reported that non-PE men,
however, overestimate their IELT to a larger extent
than PE men, and that IELT estimations for PE men
correlate reasonably well with stopwatch-recorded
IELT [24]. Although this observation has yet to be
confirmed in other studies and differs from anecdo-
tal observations of treating physicians, it does
provide some evidence to suggest that PE patient es-
timation of IELT may be sufficient for the diagnosis of
PE in clinical practice. It is clinically relevant to dis-
tinguish lifelong and acquired PE. Usually lifelong PE
has a global manifestation, whereas acquired PE may
occur situationally [25].

However, in a research setting, objective measure-
ment of IELT by stopwatch and subjectively validat-
ed, reliable and consistent patient-reported outcome
measures (PROs) of ejaculatory control, sexual satis-
faction, and bother/distress, are essential in studies 
assessing treatment [26–28].

Although IELT self-estimations for PE men corre-
late reasonably well with stopwatch-recorded IELT
and are sufficient for the clinical diagnosis of PE,
there is no available data to suggest that men can re-
liably estimate the increases in IELT that occur with
treatment. Each of the three criteria above has been
operationalized, although not always with consis-
tency [7]. Clinical trial outcome measures include
the following:
• Intravaginal Ejaculation Latency Time (IELT): The
length of time between penetration and ejaculation;
the IELT forms the basis of most current clinical 
studies on PE [29]. The IELT is measured with a stop-
watch operated by the female partner, is expressed in
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seconds or minutes and in case of ante-portal ejacu-
lation, is equal to zero. Although it is not clear nowa-
days whether the use of a stopwatch is influenced by
the cultural background of women, various studies,
mainly conducted in Western countries, have shown
that in general this assessment tool is accepted by
study participants. There has been considerable 
variance of the latencies used to identify men with
PE, with IELTs ranging from one to seven minutes,
and none of the definitions were based on normative
data or offer any supportive rationale for their 
proposed cut-off time [30–33]. However, a recent
multinational, community-based, age-ranging
study has provided previously lacking normative
data [14]. This study demonstrates that the distribu-
tion of the IELT was positively skewed, with a medi-
an IELT of 5.4min and a range of 0.55 to 44.1
minutes, and suggests that men with IELTs of less
than 60 seconds and between 60 and 90 seconds
have “definite” PE and “probable” PE, respectively.
• Voluntary control: Various authors have proposed
the extent of voluntary control over ejaculation as an
appropriate measure, suggesting minimal or absent
control as defining PE [34–36]. However, the pa-
tient’s feeling of ejaculatory control is a subjective
measure and difficult to translate in quantifiable
terms. Although feelings of ejaculatory control are
part of the ejaculation process, diminished feelings 
of ejaculatory control are not exclusive for men 
suffering from PE. Consistent with this, attempts to
operationalize the dimension of control has reported
conflicting results, making comparison across sub-
jects or across studies difficult [37–39]. Nevertheless
the dimension of voluntary control over ejaculation
has been found to differentiate men with PE from
men without PE [39].
• Distress: Existing definitions of PE include distress
as an important dimension of PE [12,40,41]. How-
ever, the word distress has negative social implica-
tions and its existence is denied by most men with
PE. This dimension of PE is better captured by the
word “bother”. The extent of bother defines the
severity of PE. One study reported that 64% of men
with PE rated their extent of personal distress as
“quite a bit” or “extremely”, compared to 4% in a
group of normal controls [39].
• Sexual satisfaction: Men with PE report lower levels

of sexual satisfaction than do men with normal 
ejaculatory latency. A recent observational study re-
ported sexual satisfaction ratings of “very poor” or
“poor” in 31% of men with premature ejaculation,
compared with 1% in a group of normal controls 
[39].
• Questionnaires: Subjective patient-reported out-
comes (PROs) of ejaculatory control, sexual satisfac-
tion and bother/distress may be important additional
efficacy endpoints and can be evaluated using 
validated PRO instruments [26–28]. However, a
meta-analysis of 35 drug treatment studies has con-
firmed that the variability of answers of spontaneous
reports and questionnaire studies on the IELT are sig-
nificantly higher than stopwatch assessments [29].

Clinical Trial Design

In the past decade the concept of evidence-based
medicine (EBM) has strongly influenced the re-
search of PE. The results of PE drug clinical trials are
only reliable, interpretable and capable of being gen-
eralized to patients with the disorder studied when
conducted in well-defined and consistent popula-
tions, using a double blind placebo-controlled study
design with consistent objective physiologic mea-
sures or sensitive, validated outcome assessment in-
struments as study endpoints [41]. Optimal clinical
trial design will facilitate subsequent meta-analysis
of results, and is one of the goals of an evidence-
based approach to medicine [29].

Clinical trial design differs between research into
the methodology of diagnosis and research into
treatment efficacy.

Methodology of 
Diagnostic Research

In PE studies, the study population should be well-
characterized, representative of the overall patient
population, and defined using a multivariate defini-
tion of PE. As the etiology, pathogenesis and treat-
ment of lifelong and acquired PE is different, one
should make a clear distinction in both types of PE.
Accordingly this should be represented by a clear dif-
ference in inclusion and exclusion criteria. Men with
lifelong and acquired PE should be treated as demo-
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graphically and etiologically distinct disorders and
analyzed as separate PE subgroups [42].

Subjects should be involved in a stable, monoga-
mous heterosexual relationship, prepared to at-
tempt intercourse on a regular basis, and provide
written informed consent. The presence of comorbid
erectile dysfunction (ED) should be evaluated using
a validated instrument such as the international
index of erectile function (IIEF), and patients with
any degree of ED should be either excluded from the
study or treated as a separate subgroup. Patients with
hypoactive sexual desire or other sexual disorders,
urogenital infection, major psychiatric disorders, a
history of drug and alcohol abuse or contraindica-
tions to the study drug should be excluded from the
study.

A very important issue is the definition of lifelong
PE and acquired PE. In recent years most attention
has focused on an adequate definition of lifelong PE
and much less to acquired PE. For the diagnosis of
lifelong PE both objective and subjective items have
been proposed but none are universally accepted. 
As such, a consensus of a definition of lifelong PE 
has not been reached. There is general agreement
that the DSM definition of PE is vague and multi-
interpretable [12]. It contains mainly qualitative de-
scriptions and not quantitative values, which makes
the current DSM-IV definition inappropriate for sci-
entific research. Research papers stating that PE is
defined by the DSM-IV definition should therefore
add more diagnostic information of the patients that
are included in the study. Outcome measures such as
the intravaginal ejaculation latency time (IELT), and
patient subjective assessments of control, distress
(bother), and sexual satisfaction, using validated pa-
tient reported instruments [26–28], form the basis of
diagnostic research.

Methodology of Effectiveness 
of Treatment

Drug treatment trials should be performed according
to standard rules of evidence-based medicine. That
means the trials should be performed prospectively
in a double-blind design in which patients are ran-
domized into either drug or placebo groups. The trial
should include a baseline period (usually of about

four weeks duration) after which randomization oc-
curs. The duration of the treatment phase is depen-
dent on the aim of the study. A minimum six weeks
treatment design is advised for daily SSRI studies as
SSRIs need three to four weeks before receptor de-
sensitization has occurred. On-demand studies may
have a shorter duration, but should include days in
which the drug is not taken, dependent of the half-
life of the drug. It is advised that patients not only
measure the IELT, but also the drug coitus interval
time (DCIT) in order to assess after which period of
time the drug is most effective in delaying ejacula-
tion [43]. In studies that include restoration of ejacu-
latory control or relapse rate as outcome measures,
study duration may need to be at least 6–12 months.
For assessment of efficacy of drug treatment the
items mentioned under methodology of diagnostic
research should be applied.

Therapy

Pharmacologic treatment of 
premature ejaculation
Pharmacologic modulation of ejaculatory threshold
represents a novel and refreshing approach to the
treatment of PE and a radical departure from the psy-
chosexual model of treatment, previously regarded
as the cornerstone of treatment. The introduction 
of SSRIs has revolutionized the approach to, and
treatment of, PE. Selective serotonin reuptake in-
hibitors encompass five compounds—citalopram,
fluoxetine, fluvoxamine, paroxetine and
sertraline—with a similar pharmacologic mechanism
of action. Although the methodology of the initial
drug treatment studies was rather poor, later double-
blind and placebo-controlled studies replicated the
genuine effect of clomipramine and SSRIs to delay
ejaculation. In spite of a development towards more
evidence-based drug treatment research, the major-
ity of studies still lack adequate design and method-
ology [44]. A recent meta-analysis of all drug
treatment studies demonstrated that only 14.4%
had been performed according to the established cri-
teria of evidence-based medicine, and that open
design studies and studies using subjective reporting
or questionnaires showed a higher variability in
ejaculation delay than double-blind studies in which
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the ejaculation delay was prospectively assessed
with a stopwatch [44].

Daily treatment with selective serotonin
reuptake inhibitors
Daily treatment can be performed with paroxetine
20–40mg, clomipramine 10–50mg, sertraline
50–100mg, and fluoxetine 20–40mg [19,45,46]
(Figure 16.2) Paroxetine appears to exert the
strongest ejaculation delay, increasing IELT approxi-
mately 8.8-fold over baseline [44]. Ejaculation delay
usually occurs within five to10 days, but may occur
earlier. Adverse effects are usually minor, start in the
first week of treatment, gradually disappear within
two to three weeks and include fatigue, yawning,
mild nausea, loose stools or perspiration. Diminished
libido or mild erectile dysfunction is infrequently re-
ported. Significant agitation is reported by a small
number of patients, and treatment with SSRIs
should be avoided in men with a history of bipolar
depression.

On-demand treatment with selective
serotonin reuptake inhibitors
Administration of clomipramine, paroxetine, sertra-
line, or fluoxetine, four to six hours before inter-
course, is efficacious and well-tolerated, but is

associated with less ejaculatory delay than daily
treatment. Daily administration of an SSRI is associ-
ated with superior fold-increases in IELT compared
to on-demand administration, due to greatly en-
hanced 5-HT neurotransmission resulting from
several adaptive processes, which may include pre-
synaptic 5-HT1A and 5-HT1B receptor desensitiza-
tion [20]. On-demand treatment may be combined
with either an initial trial of daily treatment or con-
comitant low-dose daily treatment [47–49].

A number of rapid acting short half-life SSRIs
(Dapoxetine-Johnson & Johnson, UK-369,003-
Pfizer) are under investigation as on-demand 
treatments for PE. Preliminary data suggest that
dapoxetine (Johnson & Johnson) administered one
to two hours prior to planned intercourse, is effective
and well-tolerated, superior to placebo, and in-
creases IELT two- to three-fold over baseline in a
dose-dependent fashion [50]. In randomized, dou-
ble-blind, placebo-controlled, multicenter, phase III,
12-week clinical trials involving 2614 men with a
mean baseline IELT ≤ 2 minutes, dapoxetine 30mg
or 60mg was more effective than placebo for all
study endpoints [51]. Intravaginal ejaculatory laten-
cy time increased from 0.91 minutes at baseline to
2.78 and 3.32 minutes at study end with dapoxetine
30 and 60mg, respectively. (Figure 16.3) Mean
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Fig. 16.2 Selective serotonin re-uptake inhibitors produce ejaculatory delay within 5 to10 days [46].
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patient rating of control over ejaculation as fair,
good, or very good, increased from 3.1% at baseline
to 51.8% and 58.4% at study end with dapoxetine
30 and 60mg, respectively. Treatment-related side
effects were uncommon, dose-dependent, included
nausea, diarrhea, headache, and dizziness, and were
responsible for study discontinuation in 4% (30mg)
and 10% (60mg) of subjects.

Several in vitro and animal studies have demon-
strated that the desensitization of 5-HT1A receptors,

increased activation of postsynaptic 5-HT2C
receptors, and the resultant higher increase in
synaptic 5-HT neurotransmission seen in daily dos-
ing of SSRI class drugs, can be acutely achieved by
blockade of these receptors by administration of an
on-demand SSRI and a 5-HT1A receptor antagonist
[52–54]. Drug combinations such as this, or single
agents that target multiple receptors, may form the
foundation of more effective future on-demand
medication.
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Fig. 16.3 (a) Dapoxetine increased
intravaginal ejaculatory latency time
(IELT) from 0.91 minutes at baseline to
2.78 and 3.32 minutes at study end
with 30 and 60 mg, respectively. (b)
Percentage of subjects rating control
over ejaculation as fair, good, or very
good, increased from 3.1% at baseline
to 51.8% and 58.4% at study end with
dapoxetine 30 and 60 mg, respectively.
(c) Percentage of subjects rating sexual
satisfaction as fair, good or very good
increased from 53.6% at baseline to
70.9% and 79.2% with dapoxetine 
30 mg and 60 mg, respectively (rating
scale 0–5 scale, 0 = very poor & 5 = very
good) [51].
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Anesthetic topical ointments
The use of topical local anesthetics such as lidocaine
and/or prilocaine as a cream, gel or spray is well 
established and is moderately effective in retarding
ejaculation. They may be associated with significant
penile hypo-anesthesia and possible transvaginal
absorption, resulting in vaginal numbness and fe-
male anorgasmia unless a condom is used [55–57].

Type 5 Phosphodiesterase 
(PDE-5) inhibitors
Nitric oxide (NO) is becoming recognized as one 
of the important intracellular messengers in the
brain [58]. Several studies suggest that elevation 
of extracellular NO in the medial pre-optic 
area (MPOA) accelerates dopamine release and 
facilitates male copulatory behavior of rats, whereas
a decrease of NO reduces their copulatory behavior
[59–61].

Several authors have reported their experience
with PDE5 inhibitors alone or in combination with
SSRIs as a treatment for PE [62–66]. The proposed
mechanisms for the effect of sildenafil on ejaculatory
latencies include a central effect involving increased
NO and reduced sympathetic tone, smooth muscle
dilatation of the vas deferens and seminal vesicles,
which may oppose sympathetic vasoconstriction
and delay ejaculation, reduced performance anxiety
due to better erections, and down-regulation of the
erectile threshold to a lower level of arousal so that
increased levels of arousal are required to achieve
the ejaculation threshold. Most of these studies are
uncontrolled and the results are confusing and dif-
ficult to interpret. The only double-blind placebo-
controlled multicenter study showed no significant
difference in the IELT of sildenafil-treated subjects
compared to placebo, but did demonstrate signifi-
cant improvements in the ejaculatory control do-
main and the ejaculatory function global efficacy
question. The latter is possibly consistent with the
erectile response of sildenafil [67].

It is unlikely that PDE inhibitors significantly delay
ejaculation in men with PE without erectile dysfunc-
tion. However, it may well be that PDE inhibitors
may be beneficial in men with erectile dysfunction
and secondary PE. Well-designed, placebo-
controlled studies are a prerequisite to further study

the efficacy of these compounds in delaying 
ejaculation.

Psychologic treatment of 
premature ejaculation
The outcome objective of treating PE is the prolonga-
tion of ejaculatory latency, leading to a better and
preferably mutually-satisfying sexual relationship
between the patient and his partner. As PE may 
result in sexual problems in the patient’s partner 
or may lead to relationship problems, its treatment
should be preceded by both a sexologic and relation-
ship assessment.

Psychotherapy
A number of different psychotherapeutic ap-
proaches to PE have been described, but their effica-
cy have not been evaluated in properly controlled
and adequately powered trials, and the different
therapeutic modalities have not been compared in
formal studies.

It is likely that only some men seeking treatment
for PE require in-depth psychotherapy. In spite of
hard evidence on the efficacy of psychotherapy, be-
havioral retraining is still often practiced by sexolo-
gists. Behavioral treatment is distinguished in the
“stop-start” and the “squeeze” [11,68]. The basis of
behavioral retraining is the hypothesis that PE oc-
curs because the man fails to appreciate the sensa-
tions of heightened arousal and recognize the
feelings of ejaculatory inevitability.

Stop-start method
In the first step of the “stop-start” process, the penis is
manually stimulated until the man is fairly highly
aroused at which point stimulation is stopped. When
his arousal subsides, stimulation recommences 
and continues until a high level of arousal is again
achieved when stimulation is stopped. This se-
quence is repeated at least four times before stimula-
tion continues to ejaculation. The process is repeated
three or more times a week. The aim is to increase the
duration of stimulation the man can receive before
needing to stop.

The second step is almost identical to the first. The
only difference is that the patient’s partner applies
the manual penile stimulation and the patient tells
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her when he wants her to pause and then re-start.
The next step is penile containment in the “quiet
vagina”. The woman sits astride the man and accepts
the penis in her vagina without any thrusting. Artifi-
cial lubricant is used if necessary. The couple is 
encouraged to remain in this position, without any
coital thrusting, for prolonged periods so the man
can experience and learn to enjoy the feeling of
being inside the vagina. The woman then starts 
gentle coital thrusting movement until the man tells
her to stop because he is nearing ejaculation. She can
vary the tempo and depth of thrusting to allow the
man to discover what movements he finds over-
stimulating and these can be avoided. Movements
then stop until the feelings of imminent ejaculation
subside, and the process is repeated at least four
times before thrusting continues to ejaculation.

The squeeze technique
The squeeze technique is essentially the same as the
stop-start process described above except that at the
time stimulation is stopped, the penis is squeezed
firmly between the thumb and the first two fingers
applied to the ventral and dorsal aspects of the coro-
nal sulcus with the thumb applied to the frenulum.
During the final step of the programme when the
penis is stimulated within the vagina, the woman
lifts herself off the penis and applies the squeeze until
the man’s arousal subsides. The squeeze aims to 
facilitate loss of arousal but some men find it has 
the opposite effect, in which case the squeeze is
abandoned.

Concurrent with practicing the stop-start process,
the couple is encouraged to spend time in mutual
pleasuring involving non-genital massage and ca-
ressing, following the programme known as “sensate
focus”. This is essential to reduce the genital-focused
interaction of the ejaculatory control process. It is
also essential for the man to be encouraged to satisfy
the sexual needs of his partner during the training
programme.

There are initiations on the use of these therapy
processes. The man needs a cooperative partner and
sufficient time to follow the programme properly.
Manual penile stimulation must be culturally accep-
table. The therapist should be experienced in treat-
ing PE and have sufficient time to assess the patient

and his partner, to teach the therapeutic processes,
and to provide adequate follow-up.

Although success rates in the short term from 60%
to almost 100% have been reported [11,69], the
methodology and design of these studies have been
weak and fail to meet the criteria of evidence-based
research. In addition, long-term maintenance of
ejaculatory control induced by these treatment has
shown to be very low [70].

Surgery
Several authors have reported the use of surgically-
induced penile hypo-anesthesia via selective dorsal
nerve neurectomy, or hyaluronic acid gel glans 
penis augmentation, in the treatment of lifelong 
PE refractory to behavioral and/or pharmacologic
treatment [71,72]. This is based on the hypothesis
that some men with PE have penile hypersensitivity.
In selective dorsal neurectomy, several branches of
the dorsal nerve of the penis are severed. The exact
role of selective dorsal nerve neurectomy in the
management of PE remains unclear and is currently
under investigation as one of the methods of reduc-
ing penile sensation in selected patients with penile
hypersensitivity that do not like to use topical 
anesthetics.

Future aspects
The use of various SSRIs, clomipramine, and topical
anesthetics, along with the development of new on-
demand drugs for the treatment of PE, has drawn
new attention to this age-old and benignly ignored
problem. Drug combinations or single agents that
target multiple 5-HT receptors may represent the
next stage of PE drug development. The resulting
spate of recent research is providing greater under-
standing of the problem, and equally important, the
negative psychosocial effects of this dysfunction.
However, until the neurobiologic, physiologic and
psychologic mechanisms responsible for PE are 
better understood, treatment strategies for PE may
fall short. Because ejaculation depends upon the
complex interplay of central and peripheral somatic
and autonomic nervous systems, and various neuro-
chemical regulatory pathways, a complete under-
standing of PE undoubtedly lies some distance down
the road.
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The challenge will be to find ways to integrate drug
treatment and behavioral psychotherapy into a
multi-dimensional treatment plan. Both drug treat-
ment and psychotherapy are limited in that they rep-
resent symptomatic treatments for controlling and
delaying ejaculation. Furthermore, the irreversible
nature of surgical procedures relegates them to last-
resort strategies. The goal of treatment should be to
improve the level of sexual satisfaction of both suf-
ferer and partner by offering a variety of tools and
treatment options that afford greater self-efficacy
over their sexual response with their partner. To this
end, further investigation into the ways in which
biomedical and psychologic strategies can combine
to achieve optimal outcomes is greatly needed.

Inhibited Ejaculation 
and Anejaculation

Epidemiology
Inhibited ejaculation (IE) is less common than PE.
The prevalence of IE in the general male population
was found to be 1.5 in 1000 [73]. The prevalence of
acquired IE in men below the age of 65 years was 3 to
4% [73].

IE can be classified as either lifelong or acquired. 
It may be global, occurring with every sexual en-
counter and all sexual partners, or it may be inter-
mittent and situational. Some men with acquired IE
can masturbate to orgasm, whereas others will or
cannot. Approximately 75% of a recent clinical sam-
ple could reach orgasm through masturbation [74].
As is the case with other types of sexual dysfunction,
men with IE may report significantly higher levels of
personal and relationship distress, sexual dissatisfac-
tion, sexual performance anxiety and general health
issues compared to sexually-functional controls
[10,75]. A distinguishing characteristic of these men
is that they typically have no difficulty attaining 
or keeping their erections, yet report lower levels of
subjective sexual arousal compared with sexually-
functional controls [76].

Etiology and risk
Any single or combination of psychologic or medical
diseases, surgical procedure or drugs that interfere
with either central control of ejaculation, the affer-

ent or efferent nerve supply to the vas, bladder neck,
pelvic floor or penis, can result in IE, anejaculation
and anorgasmia (Table 16.1). However, the majority
of men with IE have no clear somatic etiology. Rather
than assuming a psychogenic etiology for these men,
their classification should be verified through an 
appropriate psychosexual history. Similar to other
sexual problems, most cases of IE result from a mix of
organogenic and psychogenic factors.

Organogenic
In the discussion of organogenic causes of IE, it is 
essential to distinguish between “physiologic” and
“pathophysiologic” factors. “Physiologic” refers to
those that are biologically inherent to the system,
perhaps “hardwired” through genetic and normal
maturational processes. “Pathophysiologic” refers to

Table 16.1 Causes of delayed ejaculation, anejaculation
and anorgasmia.

Psychogenic Inhibited ejaculation

Congenital Mullerian duct cyst
Wolfian duct abnormality
Prune belly syndrome

Anatomic Causes Transurethral resection of prostate
Bladder neck incision

Neurogenic Causes Diabetic autonomic neuropathy
Spinal cord injury
Radical cystectomy or prostatectomy
Proctocolectomy
Bilateral sympathectomy
Abdominal aortic aneurysmectomy
Para-aortic lympthadenectomy

Infective Urethritis
Genito–urinary tuberculosis
Schistosomiasis

Endocrine Hypogonadism
Hypothyroidism

Medication Alpha-methyl dopa
Thiazide diuretics
Tricyclic and SSRI antidepressants
Phenothiazine
Alcohol abuse
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those that are medical and occur through disrup-
tion of the normal physiologic processes, through
disease, trauma, surgery, medication and so on.
Pathophysiologic causes of RE are far more readily
identifiable and generally surface during a medical
history and examination. They typically stem from
predictable sources: anomalous anatomic, surgical,
neuropathic, endocrine, and medication (iatro-
genic). For example, surgical therapy for prostatic
obstruction is likely to disrupt bladder neck compe-
tence during emission. All types of IE show an age-
related increase in prevalence and increased
severity, with lower urinary tract symptoms inde-
pendent of age [77,78]. Commonly-used medica-
tions, particularly antidepressants, may centrally
inhibit or delay ejaculation as well [79].

The ability to ejaculate is severely impaired by
spinal cord injury (SCI) and is dependent upon the
level and completeness of SCI [80]. Unlike erectile
capacity, the ability to ejaculate increases with de-
scending levels of spinal injury [81] (Table 16.2).
Less than 5% of patients with complete upper motor
neuron lesions retain the ability to ejaculate. Semen
for use with artificial reproductive techniques may
be obtained from men with SCI by vibratory stimula-
tion, electro-ejaculation, or percutaneous aspiration
of semen from the vas deferens [82–84]. Testicular
biopsies in spinal cord injured men demonstrate a
wide range of testicular dysfunction, and sperm den-
sity and motility are higher in men with incomplete
lesions [85].

More difficult to identify are inherent physiologic
factors that account for variation in ejaculatory 
latency and thus might play a role in IE (particularly

primary anorgasmia). Low penile sensitivity, most
often associated with aging, may exacerbate diffi-
culty with reaching orgasm, but it is unlikely to be a
primary cause [86,87]. Alternatively, variability in
the sensitivity of the ejaculatory reflex may be a fac-
tor, as several studies have demonstrated shorter la-
tencies and stronger bulbocavernous EMG and ERP
responses in men with ejaculation. However, ejacu-
latory response and latency are more likely to result
from an interaction between higher cortical 
(cognitive–affective–arousal), supraspinal, spinal,
and peripheral neuron systems [88].

Psychogenic
Multiple psychosocial explanations have been of-
fered for IE, with unconscious aggression, unex-
pressed anger, malingering, and fear of pregnancy,
recurring as themes in the psychoanalytic literature.
Religious orthodoxy may be a factor in some in-
stances, the idea being that certain beliefs may limit
the sexual experience necessary for developing the
knowledge necessary to learn to ejaculate, or may 
result in an inhibition of normal function [11].

Although religious orthodoxy may play a role for
some men (e.g. 35% of a recent clinical sample), the
majority do not fall into this category [74]. A number
of relevant behavioral, psychologic, and relationship
factors appear to contribute to difficulty reaching 
orgasm for these men. For example, men with IE
sometimes indicate greater arousal and enjoyment
from masturbation than from intercourse [75]. This
“autosexual” orientation may involve an idiosyn-
cratic and vigorous masturbation style, carried out
with high frequency, and is dissimilar to what the

Table 16.2 Correlation of erection, ejaculation and intercourse with level and severity of spinal cord injury [81].

Reflexogenic Psychogenic
erections erections Successful Ejaculation

Cord lesion (%) (%) coitus (%) (%)

Upper motor Complete 92 9 66 1
neuron Incomplete 93 48 86 22
Lower motor Complete 0 24 33 15
neuron Incomplete 0 1 100 100
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man experiences with a partner [74]. Apfelbaum 
labels this as a desire disorder specific to partnered sex
[89]. Consistent with this idea, recent data indicate
that, unlike sexually-functional men, or men with
other sexual dysfunctions, men with IE report better
erections during masturbation than during foreplay
or intercourse [75]. Disparity between the reality of
sex with the partner and the sexual fantasy (whether
or not unconventional) used during masturbation, is
another potential cause of IE [90]. This disparity takes
many forms, such as partner attractiveness and body
type, sexual orientation, and the specific sex activity
performed. In summary, high-frequency, idiosyn-
cratic masturbation, combined with fantasy/partner
disparity, may well predispose men to experiencing
problems with arousal and ejaculation [76].

The above patterns suggest that IE men, rather
than withholding ejaculation as suggested by earlier
psychoanalytic interpretations, may lack sufficient
psychosexual arousal during coitus to achieve or-
gasm. That is, their arousal response to their partner
cannot match their response to self-stimulation and
self-generated fantasy. In this respect, IE is thought
to be due to difficulties in psychosexual arousal. This
is supported by psychophysiologic research demon-
strating that although men with IE attain erections
comparable to sexually-functional controls, or men
with PE during visual and penile psychosexual stim-
ulation, they report far lower levels of subjective sex-
ual arousal [75,76]. Apfelbaum has suggested that
the couple interprets the man’s strong erectile re-
sponse as erroneous evidence that he is ready for sex
and capable of achieving orgasm [89].

Finally, the evaluative/performance aspect of sex
with a partner often creates “sexual performance
anxiety” for the man, a factor that may contribute to
IE. Such anxiety typically stems from the man’s lack
of confidence to perform adequately, to appear and
feel attractive (body image), to satisfy his partner
sexually, and to experience an overall sense of self-
efficacy [91,92]. The impact of this anxiety on men’s
sexual response varies depending on the individual
and the situation, but in some men it may interfere
with the ability to respond adequately. With respect
to IE, anxiety surrounding the inability to ejaculate
may draw the man’s attention away from erotic cues
that normally serve to enhance arousal. Apfelbaum,

for example, has emphasized the need to remove the
“demand” (and thus anxiety-producing) character-
istics of the situation, noting that men with IE may 
be over-conscientious about pleasing their partner
[89]. This “ejaculatory performance” anxiety inter-
feres with the erotic sensations of genital stimula-
tion, resulting in levels of sexual excitement and
arousal that are insufficient for climax (although
more than adequate to maintain their erections).

Diagnosis and Evaluation

Although no clear operationalized criteria exist for
IE, given that most sexually-functional men ejacu-
late within about three to eight minutes following
intromission, a clinician might assume that men
with latencies beyond 20 or 30 minutes (and who
experience consequent distress), or men who simply
cease sexual activity due to exhaustion or irritation,
qualify for this diagnosis [39]. Such symptoms, to-
gether with the fact that a man and/or his partner
decide to seek help for the problem, are usually
sufficient for the IE diagnosis.

The diagnostic evaluation of ejaculatory dysfunc-
tion focuses on finding potential physical and 
specific psychologic/learned causes of the disorder. 
A medical (particularly genito–urinary) examina-
tion and history are critical, as these may uncover
physical anomalies, various pathophysiologies, and
iatrogenic procedures associated with the IE. In addi-
tion, concomitant or contributory neurologic, endo-
crinergic, or erectile disorders can be identified and
addressed. Particular attention should be given to
identifying reversible urethral, prostatic, epididy-
mal, and testicular infections. Given the lack of 
understanding of basic physiologic mechanisms 
responsible for the timing of ejaculation, assessment
procedures tapping into the basic physiology of the
ejaculatory reflex (e.g. sensory thresholds or efferent
reactivity) have to date not been particularly
meaningful or useful for the management of this
dysfunction.

A focused psychosexual evaluation, important even
to a diagnosis that is primarily pathophysiologic, is
critical for men with no obvious somatic etiology.
Evaluation typically begins by differentiating this
sexual dysfunction from other sexual problems (e.g.
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terminating intercourse due to pain), and review-
ing the conditions under which the man is able to
ejaculate, (e.g. during sleep, with masturbation, with
partner’s hand or mouth stimulation, or infrequent-
ly, with varying coital positions). Domains related to
the psychologic and relationship issues commonly
associated with IE (identified in the previous section)
require investigation. Thus, the developmental
course of the problem, including predisposing issues
of religiosity, and variables that improve or worsen
performance, particularly those related to psycho-
sexual arousal, should be noted. Coital and mastur-
batory patterns, perceived partner attractiveness, the
use of fantasy during sex, and anxiety surrounding
performance, require exploration. If orgasmic at-
tainment had been possible previously, the clinician
should review the life events/circumstances tempo-
rally related to orgasmic cessation events in question,
which may be pharmaceuticals, illness, or a variety of
life stressors and other psychologic factors previously
highlighted in the section on etiology. Generally, a
complete evaluation should identify all possible
predisposing, precipitating, and maintaining factors
for the dysfunction.

Since many men attempt their own remedies, the
patient’s previous approaches to improving ejacula-
tory response should be investigated, including the
use of herbal or folk therapies, prior treatments, and
home remedies (e.g. using particular cognitive or be-
havioral strategies). Information regarding the part-
ners’ perception of the problem and their satisfaction
with the overall relationship is often helpful. Once
this body of knowledge is complete, an appropriate
treatment plan, developed in conjunction with the
couple, can be implemented.

Therapy
Psychologic
The man who presents with inhibited ejaculation, in
whom organic and pharmacologic causes have been
eliminated by careful medical assessment and inves-
tigation, requires thorough psychosexual assess-
ment. If he is in a relationship, his partner, and the
quality of the relationship, also require evaluation.
Numerous psychotherapeutic processes are de-
scribed for the management of inhibited ejaculation,
but none has been properly evaluated [11,18,89,93].

Therapists generally devise their own therapy ap-
proaches based on the following:
1 Sex education. Dispelling myths, sexual response
and physiology, stimulation techniques, orgasm trig-
gers (e.g. pelvic floor contraction, arching foot and
pointing toes etc.).
2 Reduction of goal-focused anxiety. Prohibition of ejac-
ulation during masturbation and/or partner-related
sexual activity.
3 Increased, more genitally-focused stimulation. Some
therapists advocate anal and rectal stimulation by
finger or vibrator.
4 Patient role-playing an exaggerated ejaculatory re-
sponse on his own and in front of his partner. This can be 
especially helpful where the man’s inability to ejacu-
late arises from the embarrassment the patient
thinks he will experience when he loses emotional
control during ejaculation.

The man with situational inhibited ejaculation
who is able to ejaculate on his own but not with a
partner undergoes a desensitizing programme. First,
he masturbates on his own imagining that his part-
ner is present. He continues stimulation, by what-
ever means he usually uses, to high levels of sexual
arousal. He is told to try not to ejaculate (to reduce
goal-focused anxiety), but rather to prolong stimula-
tion so that he can enjoy long periods of heightened
arousal. After a few sessions he finds he is unable not
to ejaculate. He repeats this exercise on three or four
subsequent occasions. He then repeats the process in
the following sequence of situations:
• He is in a room adjacent to the room occupied by
his partner, with the door between the rooms shut
• He is in a room adjacent to the room occupied by
his partner, with the door between the rooms open
• He is in the same room as his partner
• He is on the same bed as his partner; the partner is
not involved in the stimulation process
• He begins to masturbate until nearing ejaculation
when his partner takes over by providing manual or
oral stimulation
• Partner takes over stimulation at progressively
earlier times
• Patient masturbates with partner sitting astride
him and she lowers herself on to his penis just before
ejaculation so that ejaculation occurs between labia.
• As before but with deeper vaginal penetration
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The success of treating inhibited ejaculation is diffi-
cult to assess from the literature, as most reports re-
late to single cases or small series of cases. Authors
are more likely to publish cases with successful out-
come than treatment failures.

Pharmacotherapy
A variety of drugs have been reported as treatments
of drug-induced delayed ejaculation. [94–105] The
drugs facilitate ejaculation by either a central
dopaminergic or anti-serotonergic mechanism of 
action. However, there are no published placebo-
controlled studies and most reports are anecdotal
case reports/series of men with anti-depressant or
anti-psychotic drug induced IE.

5-HT receptor antagonists
Cyproheptadine, a serotonin (5-HT) receptor antag-
onist has been shown to increase male sexual 
activity in the rat [106]. Several anecdotal case re-
ports and small case series mention success of the 
use of cyproheptadine to reverse the anorgasmia in-
duced by the SSRI antidepressants. However, con-
trolled studies have not been published [94,97,98].
The case reports suggest an effective dose range 
of 2 to16mg, administration on a chronic or “on-
demand” basis.

Dopaminergic drugs
Central dopamine activity can be increased by a vari-
ety of mechanisms ranging from the use of dopamine
synthesis precursors, e.g. L-dopa or substitute neu-
rotransmitters, to direct stimulation of central
dopamine receptors.

Amantadine is an indirect stimulant of dopamin-
ergic nerves both centrally and peripherally, and has
been reported to stimulate sexual behavior, ejacula-
tion and other sexual reflexes in rats [107,108]. 
Several authors have reported their experience 
with 100 to 200mg amantadine in the reversal of
SSRI antidepressant-induced anorgasmia [95–97,
99–101].

Apomorphine, a central and peripheral DA-2 
receptor agonist, has been reported to induce early
ejaculation in rats by several authors. Dopamine re-
ceptor antagonists block this effect [109,110].

Yohimbine is an α-2 antagonist, an α-1 agonist, a

calcium channel blocker, and inhibits platelet aggre-
gation. Price and Grunhaus reported reversal of
clomipramine-induced anorgasmia with a dose of 10
mg administered 90 minutes prior to coitus [102]. In
a placebo-controlled study of 15 patients with fluox-
etine-induced anorgasmia, Jacobsen reported a 73%
response rate to yohimbine [103]. The response to
yohimbine is typically delayed, taking up to eight
weeks, and is often associated with adverse effects
including nausea, headache, dizziness, and anxiety.
Careful dose titration is important as the extremes of
dose have less pro-sexual effect.

5-HT1A receptor agonist
Buspirone is a 5-HTIA receptor agonist [111]. 
Othmer et al. reported normalization of sexual func-
tion in eight out of 10 men with a generalized anxiety
disorder and associated sexual dysfunction, using a
dose range of 15 to 60mg daily [104].

Dopamine reuptake inhibitor
Bupropion is a dopamine reuptake inhibitor [112].
Ashton and Rosen described reversal of SSRI-
induced anorgasmia in 66% of patients studied
[105].

Future aspects
Inhibited ejaculation has been less well researched
than PE, probably because fewer cases are seen. The
etiology of inhibited ejaculation is multifactorial and
includes organic and psychologic distur-bances;
pharmacologic agents are also implicated. Improved
techniques for clinical evaluation are required.

Except where a treatable organic cause has been
identified or a drug known to impair ejaculatory
function has been withdrawn, the mainstay of treat-
ment is by psychotherapy, but this is not evidence-
based, as the most successful psychotherapeutic
intervention has not been established. Future re-
search should address this shortcoming. A number 
of pharmacologic agents are reported to treat 
drug-induced delayed (inhibited) ejaculation, but
these observations are not based on well-controlled
and adequately powered studies, but rather on 
single cases or small series of cases. The pharma-
cotherapy of inhibited ejaculation requires proper
evaluation.
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Retrograde Ejaculation

Etiology and risk factors
Antegrade ejaculation requires a closed bladder neck
and proximal urethra. Retrograde ejaculation (RE)
may be caused by anatomic, neurologic, pharmaco-
logic, or idiopathic factors [113–116].
• Anatomic causes: Anatomic causes include con-
genital (urethral valves, congenital defects of 
the hemitrigone, congenital dysfunction of the
hemitrigone, or bladder exstrophy), or acquired
(urethral stricture, bladder neck resection or fibrosis,
and transurethral or open prostatectomy).
• Neurologic causes: These are usually secondary to
disorders that interfere with the ability of the bladder
neck to close during emission: spinal cord injury,
multiple sclerosis, autonomic neuropathy (dia-
betes), retroperitoneal lymphadenectomy (usually
performed for testicular cancer), sympathectomy,
and colorectal and anal surgery.
• Pharmacologic causes: Multiple drug classes may be
associated with retrograde ejaculation as an adverse
effect. The mechanism usually involves paralysis 
of the bladder neck by certain types of medications
including antihypertensive drugs (phenoxybenza-
mine, clonidine, guanethidine, thiazide diuretics),
α1-blocking drugs (alfuzosin, phenoxybenzamine,
prazosin, tamsulosin, terazosin), antipsychotics
drugs (chlorpromazine fluphenazine, levomepro-
mazine, thioridazine, trifluoperazine, thioxitene,
zuclopenthixol), and all classes of antidepressant
drugs.
• Idiopathic causes: Occasionally a clear etiology 
cannot be identified.

Diagnosis
The diagnosis of RE can be often made obviously
with a history of previous surgical procedure. Retro-
grade ejaculation can be confirmed by demonstra-
tion of sperm in an analysis of a post-ejaculation
urine sample [114]. Patients with absent and even
low-volume ejaculate should be evaluated with a
post-ejaculation urine specimen as retrograde ejacu-
lation is frequently combined with antegrade ejacu-
lation [117].

Examination of the post ejaculation urine is per-
formed by centrifuging the specimen for 10 minutes

at 300g or more. In patients with absent ejaculation,
the finding of greater than five to 10 sperm per high-
power field in a post-ejaculation urine specimen
confirms the presence of retrograde ejaculation. In
patients with low-volume ejaculate, the finding of
more sperm in the urine than in the antegrade
ejaculate indicates a significant component of RE
[117].

Treatment
Pharmacotherapy
The success of the treatment of the RE depends, to
some extent, on the etiology. When RE is caused by a
pharmacologic agent, withdrawal of the offending
medication may reverse the RE. In other cases, med-
ical treatment is based either on increasing the sym-
pathetic tone of the bladder neck or decreasing the
parasympathetic activity.

Pharmacotherapy has a particular place in the
neurologic causes of RE; however its success is in 
direct relation with the magnitude (complete or 
partial) of the nerve damage (e.g. spinal cord injury,
diabetes). In partial nerve damage medications may
reverse RE. The most used drugs for the treatment of
RE are adrenergic agents such as ephedrine (30 
to 60mg one hour before sexual activity), pseu-
doephedrine (60–120mg two hours before sexual
activity), or tricyclic antidepressant with anticholin-
ergic effects such as desipramine (50mg, one to 
two hours before sexual activity), or imipramine 
(25–75mg three times a day) [113,114]. The success
rate reported by different authors varied between 20
and 67% [115].

Surgery
When RE is due to surgical changes of the bladder
neck, surgical techniques might be applied in at-
tempt to treat this dysfunction. However, surgical
treatment for RE are not commonly used, due to the
success achieved with seminal fluid harvesting,
sperm processing and assisted reproductive technol-
ogy [118]. A few specific surgical techniques for
treatment of RE have been reported [119–121].

Painful ejaculation
Painful ejaculation or odynorgasmia is a poorly-
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characterized syndrome and may be associated with 
benign prostatic hypertrophy (BPH), infection, or 
inflammation from acute prostatitis, chronic pro-
statitis/chronic pelvic pain syndrome, seminal vesi-
culitis, seminal vesicular calculi, or ejaculatory duct
obstruction, a treatable cause of male infertility
[122–125]. Nickel reported that 18.6% of men with
lower urinary tract symptoms (LUTS) diagnosed
with clinical benign prostatic hyperplasia reported
painful ejaculation [123]. Men with BPH and painful
ejaculation have more severe LUTS and reported
greater bother, and had a higher prevalence of erec-
tile dysfunction and reduced ejaculation, than men
with LUTS only [78]. Treatment of men with LUTS
with α-blocking drugs may be associated with
painful ejaculation. A lower incidence of pain has
been reported with the uroselective α-1 blocking
drug, alfuzosin [126].

Painful ejaculation is a rarely reported side-effect
of tricyclic and SSRI class antidepressants [127–129].
The severity of pain appears to be dose–dependent
and may resolve with reduction of dose or use of a
different drug. It has been suggested that partial
blockade of peripheral sympathetic adrenergic re-
ceptors could interfere with coordinated contrac-
tions of smooth muscles involved in semen transport
and thus induce painful spasms or retrograde
ejaculation.

However no obvious etiologic factor can be found
in a number of patients with painful ejaculation.

Future aspects
The development of new drugs for the treatment of
BPH, hypertension, psychiatric disorders, among
others, with selective action on central or peripheral
receptors, should improve the therapeutic efficacy
and minimize the adverse ejaculatory events. Care-
ful anatomic studies should lead improvements in
surgical techniques in order to decrease the inci-
dence of RE as an unwanted side event. Examples of
this are retroperitoneal lymph node dissection with
nerve sparing, or trans-urethral resection of the
prostate (TURP) with conservative of 1cm of
inframontanal urethra [116,130,131]. Last but not
least, other important aspects to consider are the ne-
cessity to make good controlled clinical trials com-
paring different treatments, since the current data is

not clear enough in the criteria used to evaluate
success.

Closing Comments

The diagnosis lifelong or acquired PE in daily clinical
practice is not difficult and can be achieved with a
careful medical and sexual history. Detailed eva-
luation with questionnaires or stopwatch is not
required. Pivotal to the management of PE is the
recognition that PE is a condition defined by the 
IELT and the dimensions of control, satisfaction and
bother. Reliance on patient self-report is associated
with a high level of false-positive diagnosis of PE, and
consequential inappropriate treatment. However,
the results of epidemiologic research, research 
for development of an evidence-based consensus of
PE, and drug/psychotherapy treatment research, 
are only reliable, interpretable and capable 
of being generalized to patients with the disorder
studied when conducted in well-defined and
consistent populations, using a double-blind
placebo-controlled study design, with consistent
objective physiologic measures or sensitive, vali-
dated outcome assessment instruments as study 
endpoints.

The lack of agreement as to what constitutes PE
has hampered basic and clinical research into the eti-
ology and management of this condition. A consen-
sus definition of PE should be evidence-based,
trans-cultural and applicable in all parts of the world.
The recent proposal for a definition of lifelong PE
based on the 0.5 and 2.5 percentile of the IELT distri-
bution in the general male population may con-
tribute to a consensus, but more at-random IELT
stopwatch studies should be conducted in the vari-
ous parts of the world.

Although recent neuropharmacologic studies and
animal research has deepened our understanding of
neurobiology of PE and the mechanism of pharma-
cotherapy, a genuine understanding of the etiology
of lifelong and acquired premature ejaculation is still
lacking. Despite high levels of evidence from multi-
ple well-controlled studies to support the efficacy of
drug treatment strategies in lifelong PE, there is little
or no evidence to support the role and longitudinal
efficacy of behavioral therapy. As such, the place of
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behavioral therapy must be limited to a supportive
role of pharmacotherapy in selected men and not as
a first-line treatment. First-line treatment of lifelong
PE is off-label daily use of some SSRIs—particularly
paroxetine, sertraline and fluoxetine, and
clomipramine, and the on-demand use of some
SSRIs, clomipramine, and topical anesthetics, al-
though the latter exert less ejaculation-delaying
effects. Ejaculation-specific selective serotonin re-
uptake inhibitors (ESSRIs), such as dapoxetine, will
clearly expand but not dominate or replace our
current therapeutic armamentarium. Comparative
studies are needed to investigate potential differ-
ences between both classes of SSRIs.

An effective treatment of lifelong inhibited ejacu-
lation does not exist. It is therefore ethical to inform
men at risk of developing IE secondary to surgery or
drug treatment, and to discuss all treatment options
for IE, emphasizing the lack of a universal response
to psychotherapy.
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While erectile dysfunction is the most well-
appreciated radical pelvic surgery-associated sexual
dysfunction, there are a number of others that
deserve attention, namely penile length changes,
Peyronie’s disease and orgasm alterations.

Penile Length Alterations

There are a total of three analyses on this issue in the
literature. Fraiman et al. studied 100 men less than
six months after radical prostatectomy, and took pre-
operative and postoperative flaccid and erect mea-
surements and demonstrated an overall mean
reduction in erect penile length of 9% but a mean re-
duction in volume of 22 [1]. Munding et al. studied
31 men and measured penile length in the stretched
flaccid state (accepted as equivalent to erect length)
and showed that 71% had a decrease in penile length
compared to preoperatively, with 48% of men
demonstrating greater than a 1cm loss and a range of
loss of 0.5–4cm [2]. Finally, Savoie et al. studied 63
patients with preoperative measurements followed
by repeat measurement, at three months postopera-
tively, and demonstrated that 68% of patients had
some degree of length loss. The authors also showed
that in this population there was no difference be-
tween patients with erectile dysfunction (ED) and
those without, postoperatively [3].

One of the commonest explanations given by
urologists to patients is that the removal of the
prostate results in shortening of the urethra, which
leads to loss of penile length. However, the urethra is
fixed at the urogenital diaphragm and cannot easily
be retracted inwards and the bladder is in fact
brought down to the urethra at this level for the 
fashioning of the vesico–urethral anastomosis. The

reasons for penile volume changes may be related to
three factors: (1) cavernous nerve injury associated
structural alterations in the penis; (2) cavernosal
hypoxia-induced structural changes in the penis;
and (3) sympathetic hyper-innervation (competitive
sprouting).

It is recognized that even in the hands of an expe-
rienced surgeon performing nerve sparing surgery,
neuropraxia is likely to occur to the cavernous
nerves. Some have suggested that the tunica albug-
inea may also undergo structural changes after radi-
cal prostatectomy; however, other than a small
amount of data on post-radical prostatectomy (RP)
Peyronie’s disease, at this time there is no data to sup-
port tunical structural alterations [4]. It is recognized
that neural injury leads to end-organ structural al-
terations. Carrier et al. in 1995 demonstrated that in a
rat model of bilateral cavernous nerve transaction
there was a significant reduction in nitric oxide syn-
thase (NOS) staining of nerves as early as three
weeks post-injury, and that these reductions were
sustained at the six-month time point [5]. Shortly
after, Klein et al. demonstrated that following cav-
ernous nerve injury, the corporal smooth muscle
demonstrated apoptotic changes [6]; these findings
were confirmed by User et al. [7]. This latter group
demonstrated that penile wet weight and DNA con-
tent were reduced in both unilateral and bilateral
cavernous nerve injury models, the latter demon-
strating greater changes. Of note, the apoptosis was
mostly observed in the subtunical zone of the
smooth muscle. Leungwattanaki et al. further
demonstrated that cavernous neurotomy leads to
upregulation of fibrogenic cytokines and collage-
nization of the corporal smooth muscle [8].

It has also been postulated that the chronic ab-
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sence of erectile activity leads to a state of cavernosal
hypoxia [9], although this concept is controversial
and has not gained universal acceptance in the sexu-
al medicine community. In the flaccid state, the cor-
poral bodies have a venous pO2, which has been
shown in vitro to promote the secretion of fibrogenic
cytokines such as transforming growth factor-β
(TGF-β). During erection, the corporal smooth mus-
cle is oxygenated and this results (in vitro at least) in
the secretion of endogenous prostanoids (prostag-
landin E1, PGE1), which in turn, switch off fibrogenic
cytokine production [9]. Thus, the health of erectile
tissue relies to some extent on the balance between
erection and flaccidity. In the patient who has no
erectile activity, such as frequently occurs in the ear-
liest phases post-radical prostatectomy, the balance
shifts in favor of hypoxia and collagen production.
Sattar et al. have elegantly demonstrated that there
may be a correlation between corporal smooth mus-
cle content and intracavernosal pO2 levels [10].
Moreland has published a large body of work
demonstrating in cell culture models that corporal
smooth muscle cells, when exposed to hypoxic con-
ditions, preferentially secrete TGF-β, and this is al-
tered to PGE1 once the cells are exposed to normoxic
conditions [11–12]. Sympathetic hyperinnervation
(termed by some as competitive sprouting) refers to
the concept that when autonomic nerves are in-
jured, sympathetic fibers are biologically primed to
recuperate from injury and regenerate more quickly,
resulting in un-antagonized sympathetic tone in the
end organ [13]. Following cavernous nerve injury,
this phenomenon results in a state of hypertonia in
the penis.

To synthesize these concepts into a working hy-
pothesis, penile length changes can be divided into
early and delayed changes. In response to the neural
injury that occurs intraoperatively the cavernous
nerves undergo Wallerian degeneration and, early
on when sympathetic nerve function is in the ascen-
dancy, as stated above, the penis is a hypertonic
organ—an organ exhibiting sympathetic overdrive.
Given the fact that the penile smooth muscle is high-
ly contractile in response to adrenergic tone, this re-
sults in a penis that patients often refer to as “being
drawn back in the body”. A clinical scenario support-
ing this is the circumcised male whose penis early

after surgery appears incompletely circumcised or
even uncircumcised. The clue that these changes are
not the result of permanent structural sequelae is
that upon gentle penile stretch the penis readily
elongates from its buried position. It has been my ex-
perience that this hypertonic state is most pro-
nounced within the first 3–6 months after surgery.
More concerning are delayed structural changes.
These result from true irreversible structural alter-
ations in the corporal smooth muscle. These
structural changes most probably result from a com-
bination of factors (as described above)—neural
injury-associated denervation, apoptosis, as well as
cavernosal hypoxia-induced collagenization—in
men who experience delayed return of erectile func-
tion. The difference between these changes and early
hypertonicity is evidenced by the reduced or absent
penile stretch in the group with permanent smooth
muscle alterations. It is easy to appreciate how these
alterations affect not only length but also girth. Final-
ly, whether the institution of a pharmacologic penile
rehabilitation program early after RP can abrogate
these alterations, remains unanswered at this time.

Alterations in Orgasm

Most of the post-radical prostatectomy sexual dys-
function literature has focused specifically on erec-
tile dysfunction, and changes in orgasm have been
reported in post-prostatectomy patients [14–16].
Orgasm, which is often considered to be a goal and
reinforcer of sexual behavior, remains the least un-
derstood phase of the sexual response cycle. Alter-
ations in orgasm, and in particular its absence, are
associated with significant reductions in emotional
and physical satisfaction, which in turn may lead to
sexual avoidance behavior and secondary relation-
ship discord [17–18].

Barnas et al., in a questionnaire–based analysis,
demonstrated that orgasmic dysfunction is a rela-
tively prevalent problem in the post-RP population
[19]. The alterations identified in this study include
complete absence of orgasm, alterations in intensity,
and orgasmic pain. Decreased intensity of orgasm or
the complete lack of orgasm was reported by 74% of
the patients surveyed. Fourteen percent of the
patient population experienced orgasmic pain
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(dysorgasmia) at some time after surgery. Goriunov
et al. have reported on orgasm alterations in surgical-
ly-treated BPH patients [15]. This group reported
that 188 of 818 (23%) such patients suffered from
dysorgasmia after their surgery. Koeman reported
pain during orgasm in 11% post-radical prostatecto-
my patients, and 82% complained of diminished or-
gasmic intensity after surgery [16]. Bergman’s study
of 43 men who had undergone cystoprostatectomy
for bladder cancer found 25% of post-operatively
sexually active men were unable to attain orgasm,
and 17% of those able to achieve orgasm by mastur-
bation found the sensation impaired [14]. Teg et al.
reported that 36% post-prostatectomy patients who
had benign prostatic hypertrophy (BPH) described
their sensation of orgasm to be “different” after
surgery [20].

The etiology of dysorgasmia is not well under-
stood. It has been postulated that the physiologic
bladder neck closure that occurs contemporaneous
with orgasm in the men, translates into spasm of the
vesico–urethral anastomosis, or pelvic floor muscu-
lature dystonia in the RP population. This phenome-
non has been purported to be associated with penile
and testicular pain in men with chronic pelvic pain
disorder [21]. The latter group frequently reports 
orgasmic pain, and the similarity of the complaints
between the two groups at this center are striking.
The muscle spasm concept is supported by the experi-
ence that amelioration of dysorgasmia can be seen
using the α-blocking agent tamsulosin (Boehinger-
Ingelheim, Germany) [19]. In 98 patients, 77% pa-
tients reported improvement in pain and 8% noted
complete resolution of their pain using tamsulosin,
0.4mg po QD. Using a visual analog scale (0 to 10) for
pain tamsulosin therapy resulted in a statistically sig-
nificant decrease in pain, with a mean decrease of 2.7
points between pre- and post-treatment phases.
Anorgasmia and decreased intensity of orgasm are
most probably psychologic events, presumably relat-
ed to the multiple issues that men with a diagnosis of
prostate cancer and who have undergone major rad-
ical pelvic surgery experience.

Finally, recent attention has been focused on
orgasm-associated urinary incontinence (OAI),
what has become to be termed “climacturia”. This
troubling problem is a clear barrier to the resumption
of satisfactory sexual relations for many couples. Lee 

et al. analyzed 42 sexually active men at least one
year after RP [22]. All patients underwent IPSS score
and uroflow analysis. Forty-five percent of men re-
ported climacturia, 68% of these reported rare oc-
currence. Fifty-two percent of patients stated that
this was not bothersome, but 21% said that this was
bothersome to the partner. Age was not a predictor of
climacturia. There was no association between Q
max or IPSS and the incidence of climacturia (P =
0.20 and 0.15, respectively).

Aboussally et al. reported on the Cleveland Clinic
experience of 200 patients evaluated, that 26 men
experienced urine leak almost exclusively at the time
of orgasm [23]. The average age of the patients was
62 years and there was no clear association with de-
gree of nerve sparing or daytime continence level.
Patients experienced anywhere from 3–120ml of
urine leak (by patient self-report) at the time of
orgasm.

Most recently, Choi et al. at Memorial Sloan 
Kettering Cancer Center analyzed 392 patients for
this problem [24]. Fourteen percent (47/392)
reported orgasm-associated urine leak (OAI). No
difference in OAI rates were noted based on nerve-
sparing or type of radical pelvic surgery. Men report-
ing OAI were more likely to complain of penile
length loss (44%) than men not reporting OAI (26%,
P < 0.01). Likewise, they were more likely to report
orgasm pain (18.5%) compared to men without OAI
(2%, p < 0.01). On multivariate analysis, both factors
remained predictive: reporting penile length loss, OR
=2.25, P <0.01; orgasm pain, OR =10.42, P <0.01.

Peyronie’s Disease

While not viewed as a classic risk factor of the devel-
opment of Peyronie’s disease, radical prostatectomy
is being increasingly recognized as a potential corre-
late of acquired penile curvature. There is only a 
single report in the literature suggesting that men
with ED following RP may also have Peyronie’s dis-
ease [4]. Analyzing 100 men who presented with
post-RP ED, 11% had what the authors termed fi-
brotic changes. Three-quarters of this latter group
had palpable plaques. At 24 months after diagnosis,
50% were stable, 10% were improved from a defor-
mity standpoint. Despite the dearth of literature on
this issue it has been the experience at Memorial
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Sloan Kettering Cancer Center that there is a distinct
correlation between the performance of radical
prostatectomy surgery and the development of 
Peyronie’s disease. While some have suggested that
spongiofibrosis may be the etiology secondary to
catheter placement at the tie of surgery, the majority
of patients have dorsal plaques—and think of the
many thousands of men who have catheter
placement intermittently or chronically (spinal cord
injury) without Peyronie’s disease development.
Thus, it is possible that there is something unique
about RP surgery and the development of Peyronie’s
disease. Might the neuropraxia that occurs at the time
of RP in a genetically-susceptible patient result in tu-
nical changes, just as can occur in corporal smooth
muscle? Some have suggested that the sue of intra-
cavernosal injections may be a precipitant of Pey-
ronie’s disease, yet most men at MSKCC who develop
post-RP Peyronie’s disease have plaques remote from
the site of ICI. Furthermore, we see patients who pre-
sent at eight weeks after surgery, having failed oral
therapy, who have had no sexual activity since
surgery, who wish to pursue ICI and upon their first
injection have penile deformity without any plaque
palpated preoperatively. Clearly, this is an area in
which much new research will need to be conducted.

Erectile Dysfunction

It is estimated that 10% of all men presenting with
erectile dysfunction suffer the condition as a 
result of surgical procedure—typically, radical pelvic
surgery [25]. Major discrepancy exists in the litera-
ture regarding postoperative potency rates, with
spontaneous erectile function cited as occurring in
30–80% of patients [26]. Thus, despite the advent of
nerve-sparing techniques a significant percentage of
men continue to suffer from erectile impairment 
following this operation. It is estimated that 50 000
men undergo radical prostatectomy in the USA
alone each year. Given the long-term survival of
post-radical prostatectomy, at any given time there
may be more than one million men who live life fol-
lowing RP many of whom will experience long-term
changes in sexual function after this operation.

Pathophysiology
Mechanistically, post-RP ED may be neurogenic, ar-

teriogenic, venogenic, mixed vascular (arterio–
venogenic) or psychogenic in etiology and is gen-
erally multi-factorial in nature. Neurogenic impo-
tence, while obviously occurring after cavernous
nerve interruption, may also occur transiently fol-
lowing cavernous nerve traction and/or dissection.
Even in the hands of expert nerve-sparing surgeons,
temporary neural trauma may occur. It is believed
that the primary mechanism of development of arte-
riogenic erectile dysfunction results from injury to
accessory pudendal arteries [27]. Venogenic impo-
tence (venocclusive dysfunction, venous leak) is
based upon corporal smooth muscle collagenization
and fibrosis, which is most probably the result of ei-
ther apoptosis associated with neural injury, and/or
disuse atrophy [7]. The venocclusive mechanism is a
major determinant of success with vasoactive thera-
pies. The venocclusive mechanism is dependent
upon appropriate corporal smooth muscle expan-
sion with resultant occlusion of the subtunical
venules [28]. Failure to expand the corporal smooth
muscle adequately because of structural alterations
in the tissue results in failure to compress the sub-
tunical venules present between the corporal
smooth muscle and the tunica albuginea, resulting
in venous leak.

In previous work, Mulhall et al. have examined the
chronology of venous leak development post-radical
prostatectomy, in patients with excellent preopera-
tive erectile function who developed postoperative
erectile dysfunction [29]. The incidence of venous
leak, (suggestive of permanent, irreversible structur-
al damage to the erectile tissue) was 8% <4 months
postoperatively, 22% 4–8 months postoperatively,
and 50% 8–12 months postoperatively. In this
analysis no patient was treated with postoperative
pharmacotherapy in any regimented fashion. More
recent data, presented by Ohebshalom et al., indi-
cates that the post-RP penile vascular status is predic-
tive of return of spontaneous erections, degree of
erectile rigidity, and response to sildenafil [30].
These data also indicate that the prognosis is poor for
the return of functional erections in the presence of
abnormal end diastolic velocity values.

While psychogenic mechanisms receive very little
attention [31,32], there is a group of men post-RP 
who suffer anxiety and/or erosion of self-confidence,
over the 12–18 months postoperatively, and who
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experience poor sexual erections, but, with self-
stimulation or nocturnally, have functional erections.

ED Minimizing Maneuvers

Nerve-sparing surgery
Nerve injury can occur at four time points during rad-
ical retropubic prostatectomy: at the time of urethral
dissection, during lateral pedicle division, during dis-
section along the base of the prostate, and at the time
of seminal vesicle dissection. Nerve trauma is classi-
cally thought of as occurring with cautery, ligation or
avulsion; however, overly aggressive traction may
lead to neuropraxia, and even this temporary trauma
may result in structural sequelae in the corporal bod-
ies that may limit the recovery of erectile function
[7,8,33]. Donohue et al., using a rat model of cav-
ernous nerve injury, demonstrated that nerve expo-
sure alone without any direct manipulation results in
a significant reduction in erectile function as mea-
sured by intracavernous pressure generation in re-
sponse to cavernous nerve stimulation [34]. There is
a plethora of robust data supporting the concept that
the greater the volume of nerve tissue preserved the
better the spontaneous erectile function and the bet-
ter the response to oral ED therapies [35–43].

Intraoperative neurostimulation
This technique was initially described by Lue [44] and
was later formally developed as an intra-operative
tool (CaverMap, Bluetorch Technologies, Ashland,
MA) for nerve stimulation and tumescence monitor-
ing. The tip of this device, which contains an array of
electrodes, is placed over the (suspected) cavernous
nerve and current is applied [45]. Tumescence is
monitored by the presence of a penile strain gauge,
which records changes in penile girth. The strain
gauge system is sensitive enough that it can detect a
0.5% change (increase or decrease) in circumfer-
ence. The initial study on Cavermap was reported by
Klotz, in 21 men with functional erections prior to
RP, who had application of the device intra-
operatively. Postoperative erectile function assess-
ment was performed using a questionnaire [45]. Of
the 19 patients who had erectile function assessed
postoperatively, the two men who had no intraoper-
ative Cavermap response failed to have return of

functional erections after surgery. Ninety-four per-
cent (16/17) who had a response had functional
erections following surgery. This study demonstrat-
ed the feasibility of using intra-operative neurostim-
ulation, and suggested that a Cavermap response
may portend a better prognosis for postoperative
erectile function.

Two years later, Klotz lead a Canadian-based
multi-center study using nine different surgeons,
which randomized men, in a single-blind fashion, to
either use of Cavermap or no such use [46]. Erectile
function was assessed using a questionnaire, and
both penile tumescence and rigidity monitoring
(RigiscanTM, Endocare); 53 patients were enrolled
(26 patients in the control group, 27 in the Cavermap
group) but only 35 were available for 12 month erec-
tile function  assessment. Of note, the margin
positivity rate was 40%, although there was no
difference in this rate between the two groups. Fol-
lowing prostate removal, 31/53 patients had a bilat-
eral Cavermap response (+/+), 27/53 had a unilateral
response (+/−), and 3/53 had no response (−/−) on
either side. While there was no difference in the
overall erectile rigidity between the groups, as as-
sessed by Rigiscan (percentage of men with base
rigidity ≥60%), the mean and median durations
spent at ≥60% base rigidity was significantly higher
in the positive response group: 15.9 and 3 minutes
versus 2 and 1 minute, respectively. This work fur-
ther supported the use of Cavermap.

In 2000, the Brendler group from University of
Chicago, published their experience with Cavermap.
60 men with normal preoperative erectile function
had Cavermap used during radical prostatectomy
[47]. Postoperative erectile function was assessed
using items extracted from the UCLA prostate cancer
index (PCI). 80% of the entire group had a positive
Cavermap response, 63% had a bilateral response,
26% unilateral, and 11% no response. At 12 months
after surgery, 11/60 patients (18%) of patients had
functional erections. In men with a +/+ response,
27% had functional erections, +/− 15%, and −/− no
patient had return of functional erections.

The Vanderbilt group reported on their experi-
ence in 2001 [48]. Sixty-one patients underwent
Cavermap stimulation during RP. BNS surgery was
conducted in 76%, UNS in 8%, and NNS in 16%. 
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Following prostate removal 58% of the stimulations
along the right NVB and 58% along the left NVB 
resulted in penile tumescence. However, 43% of
stimulations along the bladder neck (non-specific
stimulation) resulted in some change in penile girth.
Based on these data the authors questioned the
value of the device in the form (first generation) used
at the time of this study. In follow-up to this work,
Chang from the same center examined men who 
underwent prostatectomy with either BNS or NNS,
coupled with intra-operative neurostimulation [49].
Twenty-two men underwent wide resection of the
neurovascular bundles and all were impotent 
post-operatively. Intra-operatively, 16/22 had no 
response to neurostimulation; however, six patients
demonstrated a response to the neurostimulator.
Forty-one underwent bilateral nerve-sparing proce-
dures and 27 were potent at one year of follow-up.
Thirty of these 41 men had tumescence on intra-
operative neurostimulation, with 24 of these 30 
potent (80%) post-operatively. Thus, in this analy-
sis, intra-operative Cavermap response predicted
postoperative potency (P = 0.017).

In 2001, a multi-institutional study was published
reviewing the experience of a group of acclaimed
nerve-sparing prostatectomists [50]. Five surgeons
enrolled a total of 50 patients for Cavermap stimula-
tion during RP. All patients were <60 years of age and
had clinically organ-confined prostate cancer. For
inclusion, patients were required to score 4 or 5’s on
the erectile function domain of the IIEF question-
naire (4 refers to “most of the time”, 5 to “always or
nearly always”, when questioned about the frequen-
cy of various parameters such as development of
rigidity adequate for penetration, ability to maintain,
satisfaction and confidence). Follow-up of the pa-
tients occurred at three, six and 12 months. Ninety
percent of patients had BNS surgery, the remainder
UNS surgery. This paper presents data in a similar
fashion to the original Vanderbilt paper, in that it pre-
sents the number of stimulations attempted and the
percentage that result in a positive Cavermap re-
ponse: 336 for 100 NVB’s (3.3 per nerve); 87.8% of
all stimulations resulted in a positive response. Only
6.4% of all stimulations resulted in a tumescence re-
sponse alone; 32.2% resulted in detumescence, and
the remainder resulted in a combined tumescence/

detumescence response. Eighty-eight percent of all
stimulations (295/336) elicited a positive response,
while of 54 stimulations overlying nerve bundles
that were resected (based on surgeon report), 29
(54%) resulted in no response. The authors conclud-
ed, based on these figures that Cavermap had a high
sensitivity (88%) and a low specificity (54%). This
work from a who’s who of RP surgeons, based on
specificity and sensitivity data, concluded that 
there was therefore little role for intra-operative
neurostimulation.

The greatest limitation to the interpretation of
Cavermap data is that the responses are compared to
the surgeons’ assessment of the integrity of the 
cavernous nerve that is being stimulated, and the 
latter is held as the gold standard. The Cavermap 
response tells us important information, that is, that
there is some functional neural tissue present at the
end of the case, but fails to quantify the degree of
preservation and cannot account for postoperative
factors that may be nerve threatening. Cavermap 
response may however indicate that this is a patient
in whom oral phosphodiesterase-5 (PDE-5) in-
hibitor therapy may work. At this time, the use of
intra-operative neurostimulation remains investiga-
tional until such time as a consensus can be arrived at
regarding technical and interpretation issues.

Cavernous nerve interposition grafting
Resection of the neurovascular bundle (NVB) may
be indicated in patients with high-grade disease, 
advanced unilateral or bilateral disease (multiple
positive cores, length of positive core, high Gleason
grade, suggestion of extracapsular extension on
imaging), to decrease the risk of positive surgical
margins. Positive surgical margins increase the
chance of treatment failure. Extracapsular extension
increases the risk of a positive margin and this occurs
most frequently in the area of the NVB. Wide resec-
tion, which may include the NVB, decreases the risk
of a positive surgical margin, but increases the
chance of post-operative ED without intervention to
restore continuity of the nerves. The initial experi-
ence using nerve grafts was in rodents over a decade
ago [51]. Quinlan et al., at Johns Hopkins, used the
genito–femoral nerve grafted between proximal 
and distal stumps of the rat cavernous nerve to
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demonstrate that this was technically feasible, and
that it increased the chances of functional recovery
of erections, although formal hemodynamic assess-
ment of erectile response to cavernous nerve injury
was not used then, as is currently standard. Follow-
ing cavernous nerve resection, an assessment can be
made of the ipsilateral or contralateral genito–
femoral nerve (GNG) for caliber matching. If the cal-
iber is acceptable then the GNG can be harvested and
sutured with fine non-absorbable sutures between
the two stumps of the cavernous nerve. If not, then
the sural nerve can be harvested as described by 
Kim et al. [52].

The first report was by Kim et al. from Baylor dis-
cussing their experience with nine men, with excel-
lent preoperative erectile function, who underwent
non-nerve-sparing RP for locally extensive, high-
grade prostate carcinoma [52]. All underwent bilat-
eral sural nerve interposition grafting (SNG).
Postoperative erectile function was assessed using
patient interview, a questionnaire and RigiscanTM

analysis. Of the nine patients, one had spontane-
ously functioning erections at 14 months postopera-
tively. This experience demonstrated feasibility and
encouraged these investigators to continue to accrue
patients for SNG. The following year, they reported
on their experience in 12 men in whom SNG and
genito–femoral nerve interposition grafting (GNG)
was performed [53]. The data from this analysis indi-
cated that erections unassisted by medication and
sufficient for sexual intercourse occurred in one
third of patients; partial erections occurred in 42%,
while the remainder had no return of erections. The
mean IIEF erectile function domain scores for the
three groups were 16 ± 10, 9 ± 10, and 7 ± 1, respec-
tively. Erections with sildenafil use were achieved in
50% at 12 months after RP. Twelve potent men who
had non-nerve-sparing surgery and had no grafting,
acted as controls. In this latter group none had return
of functional erections with or without sildenafil.

A follow-up study from the same group included
28 men who underwent bilateral cavernous nerve
resection and SNG/GNG, 23 of whom had at least 
12-month follow-up [54]. The data demonstrated
that 26% of patients had spontaneous medically-
unassisted erections sufficient for intercourse, 26%
had partial erections, while 48% had no erectile ac-
tivity whatsoever. In these three groups, the mean

erectile function domain scores were 20 ± 6, 10 ± 5,
and 6 ± 3, respectively. Of note, using sildenafil, the
overall potency rate (ability to achieve vaginal pene-
tration) was 43%. This contrasted to only 1/70 pa-
tients in their database who underwent bilateral
nerve resection and who had return of functional
erections.

The MD Anderson experience was published in
2003 [55]. Thirty men with functional erections 
preoperatively, underwent bilateral cavernous
nerve resection and grafting. At a mean follow-up of
23 months, 18/30 (60%) had subjective and objec-
tive changes in penile tumescence with sexual stim-
ulation. However, only 13 (43%) were capable of
having sexual intercourse, seven without sildenafil
(23%) and six (20%) with sildenafil.

One of the challenges to the propagation of 
interposition nerve grafting is the fact that bilateral
deliberate nerve resection is uncommon, a point 
emphasized by Dr. Patrick Walsh in a recent journal
editorial [56]. There is a dire need for the develop-
ment and funding of randomized, controlled trials
assessing the utility of nerve grafting. The question
cannot be answered definitively in any other way,
and the naysayers will continue to criticize until such
data are available. In the world of prostate cancer
however, this strategy ranks low on the list of priori-
ties. The major criticisms of the data available thus
far, besides the non-controlled nature of the studies,
are the short duration of follow-up and the small pa-
tient numbers. Given the association between bilat-
eral cavernous nerve resection and long-term failure
to obtain spontaneous functional erections, or fail-
ure to gain a significant response to oral therapy, this
technique appears to be a reasonable strategy to 
restore erectile function in men in whom bilateral
nerve resection is either planned or is required 
intra-operatively. Thus, in the small group of men 
in whom bilateral cavernous nerve resection is 
required, it may be appropriate to offer cavernous
nerve interposition grafting. However, at this time
this procedure remains investigational.

Penile rehabilitation
The relationship between hypoxia and cavernosal 
fibrosis has been documented in at least two in vitro 
studies [9,57]. It is thought that hypoxia induces
TGF-β1 expression that in turn accelerates collage-
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nization of the corpus cavernosum smooth muscle,
while at the same time decreasing the level of PGE1,
which may help protect from fibrosis. Since hypoxia
of cavernous tissue is related to the blood supply, and
the greatest blood supply occurs at time of erection,
any neural damage that results in ED may expose 
the cavernous tissues to longer periods of hypoxia.
Leungwattanakij et al. demonstrated in a cavernous
neurotomy rat model that sharp neural injury 
resulted in an increase in hypoxia inducible factor-1
(HIF-1α) and TGF-β1 as well as increase in cavernous
tissue collagen synthesis [8]. In a landmark study,
Montorsi et al. based a study on the assumption that
the events of nocturnal erection supply the cav-
ernous bodies with oxygenation that might protect
them from developing fibrotic changes during the
transient period of erectile dysfunction following
nerve-sparing radical prostatectomy [58]. In their
study they treated patients with three times per
week intracavernosal injections of alprostadil. In this
prospective study, 30 patients were enrolled, all po-
tent, and all had nerve-sparing RP. Fifteen received
three injections per week for 15 weeks; twelve com-
pleted the treatment. Despite the small sample size,
the difference between treatment and control group
was statistically significant. (Treatment group, 67%
had erections good enough for intercourse; control
group, 20%, P < 0.01.) However, this is to date the
only evidence-based medicine for the role of penile
rehabilitation with intracavernosal injections after
radical prostatectomy; because of the small sample
size used combined with the invasiveness of the
treatment, there is a need for a larger confirmatory
study.

A single human randomized, placebo-controlled
study has been conducted examining the role of
nightly sildenafil for six months following RP [59].
This analysis demonstrated the ability of this regi-
men to increase the rate of preservation of preopera-
tive erectile function (based on validated inventory
assessments) at 48 weeks in the sildenafil arm com-
pared to the placebo arm (27% vs. 4%, respectively).
In another non-controlled study, Schwartz et al. gave
either 50mg or 100mg of sildenafil on alternate
nights for six months after RP [60]. Patients had a
percutaneous biopsy before RP and after six months
of sildenafil treatment. Comparing the smooth mus-
cle content of the post-treatment biopsy to the pre-

operative biopsy, no change was demonstrated in the
50mg group, but an increase in smooth muscle con-
tent was noted in the 100mg group. In an animal
study, Donohue et al. used doses of 10mg/kg and 20
mg/kg of sildenafil, given at induction of anesthesia
and continued daily, which results in trough serum
levels comparable to levels obtained with 50mg and
100mg tablets, respectively, in man [61]. Daily sub-
cutaneous sildenafil administration at both doses
showed an improvement in the mean ICP/MAP ratio
compared to control. The control group demon-
strated improvement in erectile function over time,
with the ICP/MAP ratio rising from 18 ± 6% at three
days to 31 ± 9% at 10 days, remaining relatively un-
changed at 28 days (32 ± 5%). The 10mg/kg group
showed higher ICP/MAP ratios at all time points
compared to control, but these changes were not sta-
tistically significant. Further improvement in a dose-
and time-dependent manner was demonstrated by
the 20mg/kg group, with maximal improvement
shown at 28 days with an ICP/MAP ratio of 45 ± 6%
(P = 0.01) noted. Mean sham ICP/MAP ratios were
70%. Thus, there exists human and animal evidence
that ICI and regular sildenafil (and possible PDE5 in-
hibitors in general) use may translate into greater
preservation of erectile function. In the absence of a
large, multi-center, randomized controlled trial as-
sessing the utility of a formal penile rehab regimen,
this approach to post-RP care remains investigational.

To date, there has been no formal analysis of what
represents the optimal rehabilitation program and
thus giving the reader formal guidelines is difficult.
Figure 17.1 represents the approach at MSKCC, 
although this is not to say that this is the only ap-
proach. The algorithm is based on the animal and
human data at this time that there is probably a value
to erections, that there is probably an adjunctive
value to regular PDE5 inhibitor use.

Neuromodulatory drugs
The term nerve sparing essentially means that the
surgeon using his experience and expertise defines if
the nerves are anatomically and macroscopically 
intact. This may have less than perfect correlation
with the actual functional integrity of the cavernous
nerves. In animal models there is a plethora of litera-
ture associating cavernous nerve injury with corpus
cavernosal smooth muscle structural damage. 
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Carrier et al. demonstrated in 1995 that there is 
reduction in NOS-containing nerves after cavernous
neurotomy in the rat model [33]. These authors
demonstrated that animals that had bilateral neuro-
tomy were far less likely to have return of NOS-
staining nerves compared to animals that had
undergone unilateral neurotomy. Numerous au-
thorities have demonstrated that cavernous nerve
injury results in apoptosis, but User et al. have
demonstrated that both rat penile wet weight and
DNA content were significantly reduced in animals
who had bilateral cavernous neurotomy [7]. Fur-
thermore, these authors demonstrated that apopto-
sis was most prominent in the subtunical area of the
corpus cavernosum and they suggested that this was

the reason why patients develop venous leak post-
prostatectomy. The Hellstrom group at Tulane have
demonstrated very elegantly that cavernous neuro-
tomy leads to up-regulation of cytokines in the penis
which mediate fibrosis [8].

The concept of pharmacologic neuromodulation
refers to the idea that patients could use pharma-
cologic agents that can either protect nerves from
trauma or enhance nerve regeneration following 
injury. There is excellent animal data supporting 
this concept in facial, tibial, and sciatic nerve injury
models. The most widely-studied group of com-
pounds are immunophilin ligands. Immunophilins
are found in immune tissue, but are in the range of
50–100-fold greater concentrations in neural tissue,

Maximum dose V/L ×3/week
PLUS

Low dose V/L QIW

Maximum dose C ×3/week

PDE5i responder

Switch from ICI to PO
once PDE5i responder

Rechallenge with PDE5i
Q2 months in first year
Q month in second year

Move directly to ICI ×3/week
PLUS

Low dose V/L QIW

PDE5i non-responder

Seen in follow-up within 6–8 weeks

Maximum dose PDE5i ×4 over 2–4 weeks 
PLUS

Low dose PDE5i on other nights

PDE5i prescription
at time of catheter removal

Preoperative evaluation
and counseling

FU Q 4M until 24M

Fig. 17.1 Memorial Sloan Kettering Cancer Center approach to penile rehabilitation in the radical pelvic surgery patient.
C, Cialis; ICI, intracavernosal injection therapy; L, Levitra; PDE5i, PDE5 inhibitor; QIW, four times per week; V, Viagra.
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both centrally and peripherally [62]. Cavernous
nerves are combined sympathetic/parasympathetic,
with the latter being erectogenic and the former being
erectolytic. Immunophilins are proteins that act as re-
ceptors for immunosuppressive medications such as
tacrolimus and cyclosporine. They mediate their effect
through FK-binding proteins, the most important of
which are FKBP12 and FKBP52 [62]. One of the great
concerns about agents like tacrolimus is the immuno-
suppressant properties. Great interest has existed in
the development of non-immunosuppressant, im-
munophilin ligands and Guildford Pharmaceuticals
have developed a series of compounds. GPI-1046 has
been shown in vitro to stimulate external growth from
various neurons in cell cultures [63].

Burnett et al. are the first group to demonstrate
that rats exposed to unilateral cavernous injury ran-
domized to saline or FK506 have fared better when
FK506 is used [64,65]. The use of this drug has re-
sulted in greater intracavernosal pressure recovery
and reduction in the structural changes within the
cavernous nerve. This group has also shown that
FK506 binding proteins are expressed in the major
pelvic ganglion of the rat proximal to the cavernous
nerve, and are upregulated close to normal after 
cavernous nerve injury. There is great interest in the
development of this field, and not just FK506 and
GPI compounds have been looked at; drugs such as
rapamycin, minocycline and erythropoietin have
also been explored. While there has been a sugges-
tion that sildenafil (PDE-5 inhibitors) may have neu-
romodulatory effect, there is little evidence at this
time to support this concept [61,66].

Treatment of Post-Radical
Prostatectomy Erectile Dysfunction

Treatment of post-RP ED follows the same principles
as for any other ED. The first therapeutic option is
oral treatment with PDE-5 inhibitors (PDE-5i) or
vacuum device, when there is a contraindication for
the use of oral agents. Second-line treatment in-
cludes the intraurethral alprostadil suppository or
intracavernosal injection therapy. When pharmaco-
logic treatment does not restore the patient’s erectile
ability or there is a preference for a surgical treat-
ment, penile implant may be the option. Although

the prevalence of post-RP ED is considerable, many
patients remain untreated. Herkommer et al. report-
ed that 59.3% of German patients with post-RP ED
wished to be treated; however only 30.3% of the pa-
tients received long-term therapy: 19.8% of the
patients using oral medication, 1.7% intraurethral
alprostadil, 26.7% intracavernous injections, 50.9%
a vacuum constriction device, and 0.9% a penile
implant. Only 28.9% of the patients reported being
satisfied with treatment [67].

Phosphosdiesterase Type 5 inhibitors
The efficacy of PDE-5i for the treatment of post-RP
ED has only recently been studied. Sildenafil is the
most studied PDE-5i in this subgroup of patients.
However, despite this there does not exist data from a
multi-center, randomized, placebo-controlled study
evaluating sildenafil in patients with post-RP ED.
Montorsi and McCullough found eleven studies in a
systematic research on MEDLINE and CANCERLIT
(1998–2004) with discrete data sets of post-prostate-
ctomy patients with erectile dysfunction treated with
sildenafil monotherapy [68]. From their analysis
they concluded that with sildenafil, more than one-
third of patients with post-RP ED achieved erections
sufficient for intercourse. The odds of responding im-
proved 12-fold with preservation of at least one neu-
rovascular bundle. Early treatment failure does not
necessarily imply lack of efficacy in the future, and
patients should be encouraged to continue trying
sildenafil, titrating up to 100mg as needed.

Using multivariate analysis, Bennett et al. demon-
strated predictors of failure to generate a penetration
hardness erection with sildenafil post-RP [69]. In
187 patients with functional erections prior to RP
ANOVA demonstrated statistical significance for IIEF
erectile function domain improvement over time.
Using sildenafil, at 18 months post-RP, 52% of men
had functional erections, mean IIEF erectile function
domain (EFD) score was 22 ± 9 and 21% had nor-
malization of EFD score. Logistic regression analysis
demonstrated statistically significant predictors of
failure to respond to sildenafil post-RP included: pa-
tient age ≥60 years (RR = 2.8), ≥2 vascular comor-
bidities (RR = 1.9), duration ≤6 months post-RP (RR
= 6.1).

Raina et al. reported a long-term effect of sildenafil
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citrate on erectile dysfunction after radical prostatec-
tomy with a follow-up of three years [70]. They en-
rolled 91 patients that had started on sildenafil at
least three months after surgery. Initial dose was 
50mg, which was titrated up to 100mg in case of an
unsatisfactory response. At 12 months, 52.7%
(48/91) reported having successful vaginal penetra-
tion. In patients who underwent a nerve-sparing
radical prostatectomy, this rate increased to 71.7%.
At three years, 31 (71%) of the 43 patients who had
returned the second surveys were still responding to
sildenafil.

Brock et al. reported on a double-blind study in
which 440 men with ED after nerve sparing radical
prostatectomy were randomized to take on-demand
placebo, or 10 or 20mg vardenafil for 12 months
[71]. Improved erections were reported by 65.2%
and 59.4% of patients on 20 and 10mg vardenafil,
respectively, and by only 12.5% of patients on 
placebo (P < 0.0001). Among men with bilateral
neurovascular bundle sparing, improvement of
erection rates were 71.1% and 59.7% of patients on
20 and 10mg vardenafil, respectively, versus 11.5%
of those on placebo (P < 0.0001). However the per-
centage of “yes” responses to the SEP Q3 was 9.5%
for placebo, 37.2% for vardenafil 10mg, and 34.2%
for vardenafil 20mg (P < 0.001).

Montorsi et al. reported on a double-blind, multi-
center study in which 303 men who had undergone
a BNS RP 12–48 months before study commence-
ment were randomized to tadalafil 20mg or placebo
[72]. A subgroup of 201 patients reporting evidence
of postoperative tumescence was analyzed. For all
randomized patients who received tadalafil, the
mean “yes” response to SEP Q2 was 54% vs. 32% for
those who received placebo, and for SEP Q3 was
41% (19% for placebo). For the subgroup with evi-
dence of postoperative tumescence these values
were 69% vs. 42%, and 52% vs. 26%, respectively.

Vacuum constriction device (VCD)
VCD is probably the oldest described tool for treat-
ment of ED. Cookson and Nadig (1993) reported
long-term efficacy and high satisfaction rate for non-
selected patients and couples treated with VCD [73].
However Dutta and Eid (1999) reported a dropout
rate of 65% and most patients reported stopping the
treatment within a mean of four months [74]. Raina

et al. published one the few papers on the subject
VCD and post-RP erectile dysfunction [75]. To assess
the efficacy of VCD following RP they conducted a
prospective study; 74 patients were randomized to
VCD use and 35 to observation without any erecto-
genic treatment. In the treatment arm 60/74 patients
successfully used their VCD with a constriction ring
for vaginal intercourse at a frequency of twice/week,
with an overall spousal satisfaction rate of 55%
(33/60). After a mean use of three months, 14/74
(18%) discontinued treatment. Also, VCD has been
reported to be used in combination with sildenafil to
improve erectile response in patients with post-RP
ED [76].

Intraurethral alprostadil
Intraurethral delivery of alprostadil was first intro-
duced by Padma-Nathan et al., in 1997, who claimed
an overall efficacy rate of 44% for post-RP ED [77].
Raina et al. in a retrospective study, reported a 48%
rate of significant improvement in all domains of the
Sexual Health Inventory for Men (SHIM) after a
mean of 2.2 years in 27 patients with post-RP ED
treated with intraurethral alprostadil, although sel-
dom reaching pre-operative scores, and 52% of pa-
tients had discontinued after a mean of eight months,
mainly due to inadequate response or side effects
[78]. Mulhall et al. reported a lack of consistency in
the erectile response of patients treated with this
therapy. They showed that only 51% of patients that
had a rigid erection in an office-test could obtain the
same response at home, although this was not con-
fined to patients post-RP [79]. Intraurethral al-
prostadil is a safe alternative for the treatment of
PRPED, but with a low efficacy, high dropout rate,
and inconsistent results. Nehra et al. reported that
combination therapy with intraurethral alprostadil
and sildenafil was more efficacious in the salvage of
patients who desire noninvasive therapy but in
whom single-treatment modalities fail [80].

Intracavernosal injections
The use of intracavernosal injections to treat post-
RP ED was first proposed by Dennis and McDougal 
in 1988 [81]. They reported a success rate of 85%
(12/14 patients) with a mixture of papaverine and
phentolamine. Intracorporeal injection therapy
with alprostadil alone is effective in the majority of
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post-RP ED patients regardless of the status of their
cavernosal nerves [82]. Gontero et al. evaluated the
best regimen for starting intracavernosal injections
in a series of patients who had undergone non-nerve
sparing RP [83]. They demonstrated that when com-
menced within month three after the operation, a
significantly higher proportion of patients had a suc-
cessful response. Injections given in postoperative
month one gave the best response rate but with poor
patient compliance.

The main complaint of patients using intracaver-
nosal alprostadil alone for the treatment of post-RP
ED is penile pain, which can be minimized by the use
of combination agents that permit reduction in 
alprostadil dose [84]. Claro et al. reported a efficacy
rate of almost 95% in post-RP ED patients treated
with self-injection therapy using papaverine/phen-
tolamine/PGE1 [85]. Raina et al. evaluated 102 pa-
tients treated with ICI [86]. They found that 68% of
patients were satisfied with the treatment and 48%
of patients continued for a mean of 3.5 years. The
majority of the patients used alprostadil alone (61%)
and the others the combination of alprostadil, pa-
paverine and phentolamine.

Mulhall et al. mailed a questionnaire to 1424 non-
selected patients who completed the office training
and home use phases of a penile self-injection pro-
gram to understand the major reasons for the high
dropout rate that is common among ICI users [87].
The overall attrition rate was 31% of the 720 men
who completed the questionnaire, with a mean 
follow-up of 38 months. The main reasons for
dropout were cost of therapy, patient,\ and partner
problems with the concept of penile injection, lack of
partner availability, and spontaneous improvement
in erections. Lack of efficacy of therapy was the pri-
mary reason for only 1/7 dropouts. Furthermore, ad-
verse effects of penile injections (priapism, penile
nodules, pain) appeared to be only minor contribu-
tors to dropout in the general population.

Penile prosthesis
Penile prosthetic surgery is an option for patients
with post-RP ED who do not respond to more con-
servative treatments or prefer a surgical and defini-
tive treatment. There is no randomized study on
penile implant in this population, but overall satis-
faction rates after penile implants in men with vari-

ous causes of ED is usually high [78]. In a review of
504 implants, Minervinni et al. reported that 81% of
the patients were satisfied with the outcome, and 
an even higher proportion were satisfied when 
an inflatable prostheses had been used. Dissatisfac-
tion was mainly due to complications of the 
procedure [88].

Ramsawh et al. examined the satisfaction and
quality of life (QOL) of patients who had simultane-
ous placement of a penile prosthesis at the time of RP
[89]. Those patients reported greater overall QOL,
erectile function and more frequent sexual contact
than a comparison group of men who underwent RP
alone. They proposed that placement of penile pros-
thesis at the time of radical prostatectomy may be an
option for men with prostate cancer in whom a
nerve sparing procedure may not be ideal.

Mulhall et al. studied 114 patients who underwent
penile prosthesis surgery [90]. Sub-groups evalu-
ated included patients with Peyronie’s disease
(24%), post-radical prostatectomy (38%), patients
with body mass index (BMI) >30 (17%), partner age
>70 years (10%), and patient age >70 years (28%).
Patients with Peyronie’s disease, a history of RP and
BMI >30 had significantly lower scores on a global
satisfaction question, IIEF satisfaction domain and
EDITS questionnaire, compared to the general
population.
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Introduction

Hormone and metabolic disorders feature strongly in
male sexual function and dysfunction. This chapter
will discuss the direct implications of androgens in
the areas of sexual desire and erectile function. An-
drogens are also implicated indirectly in sexual dis-
orders through other metabolic derangements, such
as obesity, insulin resistance, and the metabolic syn-
drome. We shall review the difficulties of defining
androgen deficiency in aging men, when normal
aging may produce similar symptoms, as may other
aging changes, such as decreasing growth hormone
levels. Diabetes mellitus is a hormonal disorder that
embodies many hormonal and metabolic factors that
may cause sexual dysfunction, such as hypertension,
hyperlipidemia, obesity, and insulin resistance. It is
little wonder, therefore, that the prevalence of sex-
ual disorders is so high in this condition. Thyroid 
and adrenal disorders have a definite, though less
pronounced and controversial role in the etiology 
of sexual dysfunction. The pituitary hormone—
prolactin—when in excess, has a number of effects on
sexual desire, erectile function, and androgen secre-
tion. This review will attempt, in an evidence-based
manner, to outline what is known, what is contro-
versial, and what direction future research should
take to understand these mechanisms better.

Hypogonadism

Many observations suggest that androgens play a
critical role in human sexual behavior. Throughout
life, the general pattern of their rise and decline cor-

responds to that of male sexual potency and activity.
However the possibility of minimally-impaired sex-
ual function in men with very low levels of testos-
terone (T), as well as the often disappointing results
of T therapy used alone in men with sexual dysfunc-
tion and moderate hypogonadism, have cast doubt
on the importance of androgens in sexual function.
Actually the androgen deficiency that may be found
during the work-up of a sexual dysfunction more
often than not is only one element of a multifactorial
causality.

On the other hand, it is now well established that
the mean T level progressively decreases in healthy
elderly men. The extent to which this contributes to
clinical signs and symptoms of aging, and the poten-
tial merits of androgen replacement in aging men,
constitute a very exciting but still much debated
field.

The two main sections of this chapter are thus
controversial areas. Evidence-based knowledge has
considerably increased during the last few decades.
Guidelines have been developed to help in practical
management of the aspects which remain uncertain.

Levels of T are expressed either in pmol or nmol/L
or in pg or ng/mL (1000pg or pmol = respectively 
1ng or nmol. The conversion factors are nmol/L or
pmol/L × 0.2884 = respectively ng/mL or pg/mL, and
ng/ml or pg/ml × 3.467 = respectively nmol/L or
pmol/L.

Definitions
Hypogonadism in men is deficient function of the
testes. In this chapter its reproductive aspects will not
be considered. This term will be used in the sense of
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deficiency of the testicular secretion of androgens
mainly needed for virilization, anabolic effects, and
expression of male sexual behavior. If the cause of
hypogonadism lies in the testis itself, this is referred
to as primary or hypergonadotropic hypogonadism.
Hypothalamic or pituitary disorders of testicular
dysfunction are grouped together under the term
secondary or hypogonadotropic hypogonadism [1].

Late onset hypogonadism (LOH) is the term rec-
ommended by the International Society for the
Study of the Aging Male (ISSAM), the International
Society of Andrology (ISA), and the European Asso-
ciation of Urology (EAU), to replace the previous ter-
minology of andropause, androgen deficiency of 
the aging male (ADAM), and partial androgen defi-
ciency of the aging male (PADAM) [2]. It is a clinical
and biochemical syndrome associated with advanc-
ing age and is characterized by typical symptoms 
and a deficiency in serum T levels. It may result in
significant detriment in the quality of life and ad-
versely affect the function of multiple organ systems.

Summary of androgen physiology
Mechanism of action and conversions
The testis has a dual function: spermatogenesis and
the production of T. The latter takes places in the
Leydig cells. The daily production of T in adulthood is
about 5–7mg. T diffuses passively into cells of the tar-
get organs of androgens. To exert its biologic action, it
must bind to the androgen receptor, though there
are also a number of biologic actions of T that do not
require receptor activation. For some of its biologic
actions T is a prohormone. After diffusion into the
cell, T may be converted to 5 α-dihydrotestosterone
(DHT) or estradiol. There are two types of 5 α-
reductase enzymes that convert T to DHT. 5α reduc-
tase type 1 is predominantly located in skin, liver,
and brain whereas 5α reductase type 2 is almost ex-
clusively distributed in the classical androgen-
dependent organs such as prostate,seminal vesicles,
and testicles. DHT and T bind to the same androgen
receptor, although DHT has an approximately ten-
fold greater affinity for the receptor and its dissocia-
tion is slower, resulting in a considerably higher
biopotency than T. The conversion of T to DHT can be
viewed as an androgen amplification mechanism in
organs that require a strong androgen action, such as

the prostate. About 80% of DHT is produced in pe-
ripheral tissues and the remaining 20% is secreted
directly by the testis. Furthermore, approximately
30–40 µg of estradiol is produced by the adult male,
mainly in peripheral tissues, such as adipose tissue,
bone, prostate, and brain. Insight into the biologic
actions of estradiol in the male is rather recent. Estro-
gens have an important effect on the final phases of
skeletal maturation and bone mineralization in pu-
berty. In addition, from some studies in elderly men
it appears that estrogen levels show a higher correla-
tion with bone mineral density (BMD) than andro-
gen levels [3]. Impaired estrogen action in men leads
to dyslipidemia and to endothelial dysfunction. Ob-
servation in men with aromatase deficiency is linked
to a complex dysmetabolic syndrome characterized
by insulin resistance, diabetes mellitus type 2,
acanthosis nigricans, steatosis hepatis, and signs of
precocious atherogenesis, remedied by estrogen
administration. Estrogen effects on the brain are also
increasingly recognized [4]. Though the effects of es-
trogens in the male are undeniably biologically sig-
nificant, estrogen deficiency as a clinical entity is
sporadic in men. Since T is a precursor molecule for
estradiol, it is usually associated with (severe) andro-
gen deficiency.

Transport
Testosterone is a lipophilic molecule and its solubility
in blood is limited. Only ± 2% of circulating T is free,
non-bound to transport proteins, able to diffuse into
cells, and immediately available for biologic action.
Approximately 60% of circulating T is bound with
high affinity to sex hormone binding globulin
(SHBG), and ±38% is loosely bound and transported
by albumin. The free fraction of T (FT, ±2%) and the
albumin-bound fraction (±38%) have been termed
bioavailable testosterone (BT), since these two frac-
tions are readily available for biologic action. Testos-
terone has a high affinity with SHBG and changes in
concentrations of circulating SHBG impact on the
bioavailability of T. SHBG is produced by the liver
and a number of conditions and hormones influence
its production. Androgens and growth hormone de-
crease circulating SHBG, which increases BT, and
amplifies the action of T along with the combined an-
abolic effects of growth hormone (GH) and T. Andro-
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gen deficiency, estrogens, hyperthyroidism, and
liver disease increase circulating SHBG, and conse-
quently limit its biologic action. SHBG also binds
estradiol but with lower affinity than T, such that cer-
tain conditions may be associated with signs of estro-
gen excess such as gynecomastia. Overweightness
with its associated hyperinsulinism, corticosteroids,
and hypothyroidism reduce circulating SHBG and
result in low total plasma concentrations.

Secretion
T secretion follows a daily rhythm with highest T lev-
els in the early morning hours, gradually declining to
reach the lowest levels in the early evening. The bio-
logic significance of this diurnal rhythm has not been
established, and dissipates with aging. It is usually
recommended to measure T in the early morning
hours to avoid an erroneous diagnosis of hypogo-
nadism, on the basis of the physiologically lower T
levels in the afternoon. Two recent papers ques-
tioned this recommendation because they did not
find any significant diurnal variation in men over 40
[6,7], contrary to younger healthy men in whom this
variation was marked [7].

The secretion of T from the Leydig cell is stimulated
by the pituitary hormone, luteinizing hormone (LH)
(Fig. 18.1). Human chorionic gonadotropin (hCG) is

chemically largely identical with LH and is capable of
stimulating T production. Follicle stimulating hor-
mone (FSH) binds to the Sertoli cells and promotes
spermatogenesis. The pituitary production of LH and
FSH, in turn, is regulated by the hormone, luteiniz-
ing hormone releasing hormone (LHRH), also called
gonadotropin-releasing hormone (GnRH), pro-
duced in the arcuate nucleus and the preoptic area of
the hypothalamus under the stimulating and in-
hibitory influence of local neurotransmitters. LHRH
is secreted in regular pulses, with peaks in adulthood
every 90–120 minutes, due to the intrinsic capacity
of LHRH neurons to secrete episodically. The pulsatil-
ity of LHRH is essential to its gonadotropin-releasing
effect. Continuous stimulation of the pituitary by
LHRH leads to desensitization and to a cessation of LH
and FSH release. The hypothalamus is connected
with the anterior pituitary through a portal system
through which LHRH reaches the pituitary. Due to
this anatomic situation the concentration of LHRH in
peripheral blood is immeasurably low.

Feedback control
Testicular hormones exert a negative feedback con-
trol on the secretion of LH and FSH. Testosterone it-
self and also estradiol and DHT are involved in the
negative feedback action, which is exerted both at

Leydig
cells

Sertoli
cells

Sperm
inhibin

Testosterone

Posterior
pituitary

FSH LH

Anterior pituitary

Hypothalamic pituitary
portal system

GnRH

Hypothalamus

CNS
stimulation

Testis

Fig. 18.1 Production and regulation of
testosterone. CNS, central nervous
system; FSH, follicle stimulating
hormone; GnRH, gonadotropin-
releasing hormone; LH, luteinizing
hormone.
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the level of the hypothalamus (reducing LHRH pulse
frequency and amplitude), and at the level of the pi-
tuitary by reducing production and release of LH and
FSH. The negative feedback action of estrogens on
the secretion of LH and FSH is evidenced by the re-
sulting rise of LH and FSH following administration
of agents that pharmacologically reduce estrogen ac-
tion (anti-estrogens and aromatase inhibitors).

Aging
With aging the production of T declines and its
bioavailibity is reduced. These are the results of age-
related changes at all levels of the hypothalamic–
pituitary–testicular axis. Testosterone production is
less efficient in old age, with a lower response to
stimulation with LH or hCG. The decline of circulat-
ing T is not always compensated by an increase in LH,
which would be expected on the basis of a decreased
negative feedback signal. So, it would seem that the
pituitary has become more sensitive to the negative
feedback action of T and its metabolites. A more im-
portant factor is probably the changes of the aging
hypothalamic structures that produce LHRH. The
pulsatile secretion of LHRH is attenuated and more
disordered so that stimulation of the pituitary to pro-
duce LH is less efficient. Also the synchrony between
an LH pulse and a T pulse is weakened in elderly
men. Aging not only affects androgen production
but also its bioavailability. The levels of the T -binding
protein, SHBG, commonly rise with aging, but this is
counterbalanced by obesity and hyperinsulinism,
which reduce circulating SHBG. The rise in SHBG in
the first instance is associated with lower FT levels.
With a healthy hypothalamus–pituitary system this
leads to a compensatory secretion of LH and subse-
quently of T. But the aging hypothalamus–pituitary
system is not always capable of this response leading
to lower levels of FT and BT [5].

The importance of receptivity
Many of the changes associated with aging, such as
loss of bone and muscle mass, increased fat mass, and
deterioration of physical, cognitive, and sexual
capacities, are similar to the symptoms of classical
hypogonadism in younger men. The decline in circu-
lating T is not universal in elderly men and is of a
lesser magnitude than in classical hypogonadism. To

explain the androgen deficiency-like symptoms in
aging in the presence of relatively mildly reduced T
levels, it has been hypothesized that the efficacy of
androgen action at the level of receptor and post-
receptor mechanisms is diminished in old age com-
pared to younger age. Arguing against this is that,
with regard to the anabolic actions of T, elderly men
are as responsive to T as young men [8]. While male
sexual functioning in (young) adulthood can be
maintained with lower-than-normal values [9,10],
there are indications that the threshold required for
behavioral effects of T increases with aging [11]. The
fact that libido and erectile function require higher T
levels in old age compared to younger age has been
recently confirmed [12], and this is also apparent
from clinical observation [13] and from meta-
analysis [14].

It is of note that there are (subtle) genetic differ-
ences in androgen receptor properties in men. The
androgen receptor gene contains a polymorphic
trinucleotide in exon one—CAG repeats. The length
of the (CAG) polymorphism of the gene is negatively
associated with transcriptional activity of the andro-
gen receptor. In other words, an androgen receptor
with fewer CAG repeats mediates a stronger andro-
gen effect than a receptor with more CAG repeats.
Some studies have found that men with fewer CAG
repeats, subject to enhanced androgen action, are
more liable to develop prostate cancer. Other reports
fail to confirm this (for review see [15]). Similar con-
troversy surrounds the relevance of the number of
CAG repeats for the severity of symptoms related to
the age-associated decline of T [16]. For the time
being, determination of the number of CAG repeats
is not part of routine clinical assessment of the hy-
pogonadal male, young or old.

Clinical picture of hypogonadism
The clinical picture of androgen deficiency is depen-
dent on the age at which this deficiency appears, and
on its extent [1]. Prenatally, depending on the phase
of development, it may result in intersexuality, or in
abnormal positioning of the testes and an abnormal-
ly small penis (micropenis). Congenital penile devia-
tions may also be the result of a temporary T
deficiency or androgen insensitivity during fetal
development [17]. Between birth and puberty
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androgen production is minimal and hypogonadism
will not manifest itself. Hypogonadism at the normal
time of puberty will result in a typical syndrome of
eunuchoidism. Epiphyseal cartilage does not stop
growing, so the long bones continue to grow, result-
ing in a ratio of upper to lower body <1, and arms ex-
tending beyond the torso by over 5cm. Voice does
not deepen, and hair development remains of the
feminine type: horizontal pubic hair line, no facial
hair, no body hair. Fat distribution is also of the fe-
male type, with pronounced hips. The penis and
testes remain child-like, the scrotum is only slightly
wrinkled and not very pigmented, and the prostate is
small. Libido and potency do not develop. Spermato-
genesis is not initiated, resulting in aspermia and
infertility.

After puberty, the clinical picture may vary con-
siderably according to the time elapsed since puberty
and the degree of the androgen deficiency. Body
proportions, size of penis, and pitch of voice do not
change. Body and facial hair may decrease. The main
clinical signs are reduced sexual desire and potency,
and infertility. Size and consistency of testes vary
from normal to significantly reduced. Long-term an-
drogen deficiency usually causes atrophy of muscle
mass, osteoporosis, loss of strength and energy,
normochromic and normocytic anemia, fatigue, and
mood disturbances.

Role of hypogonadism in 
sexual dysfunctions
We look first at the prevalence of hypogonadism.

Prevalence of hypogonadism
Erectile dysfunction (ED)
Serum T is more often than not normal in ED. It was
below 3ng/mL in 12% of 7000 ED patients compiled
from nine large series (including in 4% of 944 men <
50 years, and 14.7% of 4342 men > 50) [18–20]. The
real prevalence of hypogonadism is probably lower
because most of these patients had a single T deter-
mination. A repeat determination is recommended
in cases of subnormal value, since it proves to be nor-
mal in as many as one-third of the patients [18–21].
In addition, some studies did not sample blood in the
morning in every case even though the T level de-
creases after 11am in normal men, at least up to the

age of 40 [6]. In one series of over 1000 ED patients in
which the diagnosis of hypogonadism was based on
two consecutive values <3ng/mL before 11am, the
prevalence of hypogonadism was only 6.6%, includ-
ing 4% before 50 years old, and 9% after 50 [18]. De-
terminations of the bioavailable fractions of T, FT,
and BT, may find higher prevalences of low values
(up to respectively, 37% and 24% of ED patients
over 50 years old) [22–24]. In a narrow majority of
the studies, the average values of total T (TT), FT, and
BT are slightly but significantly lower in ED patients
than in age-matched controls [22–26].

Other male sexual dysfunctions
Testosterone is also generally normal [23]. This is the
case even in patients complaining of isolated hy-
poactive sexual desire [23,24,27], although in aging
men one study has found that low sexual desire was
associated with low T level [28].

Responsibility of hypogonadism
Sexual function of men with severe 
organic hypogonadism
Data accumulated in such men show that T is re-
quired for pubertal acquisition of gender characteris-
tics as well as adult sexual behavior and functional
capacity, including libido, ejaculation, and sponta-
neous erections. Administration of T during placebo-
controlled studies demonstrated that sexual desire
and arousal are T-dependent [13,29,30] and repre-
sent the main impact of T on sexual function of men.
The frequency of sexual activity [13,30,31] and
spontaneous erections (especially sleep related, i.e.
morning and nocturnal) [13,29,32] are also clearly
T-dependent. The psychic erections (i.e. in response
to erotic stimuli) were initially thought to be
androgen-independent [33], but are in fact partly T-
dependent [34]. Ejaculations [31] and orgasm [35]
are also partly androgen-dependent.

Threshold levels for testosterone effects on 
sexual function
The effects of T upon male sexual function are dose-
dependent up to a serum level close to the lower limit
of the normal adult range, at which they are maxi-
mum. Below this threshold sexual function is
impaired. This threshold level is consistent within an
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individual [10,36], but markedly variable between
individuals [10,31,36], and may be specific to each
parameter of sexual function [37]. For example, in a
study by Kelleher, the average T level from which hy-
pogonadal males on testosterone pellet implants
began to perceive androgen deficiency symptoms
leading them to request a new implantation was 
2.6ng/mL (or 10nmol/L), but the individual levels 
varied from less than 1 to 4.5ng/mL. In another se-
ries of hypogonadal males on injectable T esters, the
individual threshold level varied from 1.1 to 3.6ng/
mL [10,36]. Overall, levels below 2ng/mL are in
most cases associated with impairment of sexual
function [10,31,36], and levels below 1.4–2ng/mL
with diminished nocturnal erections [38]. Converse-
ly, from a ceiling level of 4.5–6ng/mL, according to
the studies [10,31,36,37], the effect of T is maximum
and is not enhanced with additional T supplementa-
tion. In eugonadal males, a significant increase in
sexual interest and arousal [27,39,40], along with
rigidity and duration of the erections [41], was ob-
tained in some studies by increasing the serum T level
within or above the normal range. But others could
not replicate these findings [42], and in the former
the effect upon sexuality was too small to be clinically
significant. Between these two thresholds levels of
about 2 and 4.5–6ng/mL, the impact of T on sexual
activity may or may not be optimum according to the
sensitivity to androgens of the individual.

Role of testosterone in control of erections
• Data from experiments in animals: Studies in rodents
suggest that besides its well-known effects on the
brain centers of sexual function, especially the hypo-
thalamic preoptic area and arcuate nucleus, T plays a
key role in the peripheral modulation of erectile
function. It is well known that the nitric oxide (NO)
pathway is critical for initiation and maintenance of
erections. In animals, the expression of both the en-
dothelial and neuronal NO synthases (NOS), and
therefore the capacity for NO production, is regulat-
ed by androgens [43,44]. Androgen suppression via
castration results in marked decrease in NOS activity
and cyclic guanosine monophosphate (cGMP)
formation, through both NOS-dependent and 
-independent mechanisms, as well as in profound
structural changes in penile tissue (atrophy con-

comitant with alterations in dorsal nerve structure
and endothelial morphology, reduction in trabecular
smooth muscle content, increased deposition of ex-
tracellular matrix, and accumulation of adipocytes
in the subtunical region of the corpus cavernosum)
[45]. Thus androgens exert a direct effect on penile
tissue to maintain erectile function, and androgen
deficiency produces metabolic and structural imbal-
ance in the corpus cavernosum, which results in
venoocclusive dysfunction and ED, reversed by 
T administration [45,46].
• Data from experiments in men: In human males the
main sites of the action of T upon sexual function are
considered to be located in the brain. Positron 
emission tomography (PET) studies have begun to
map them [47,48]. Until now a critical impact on the
peripheral mechanisms of erection had not been
demonstrated in men. However there are androgen
receptors in the human corpus cavernosum [49], and
some recent studies suggest T may modulate the 
vascular mechanisms of erection also in men. Peak
systolic velocity was measured at the level of the
cavernosal arteries with penile color Doppler ultra-
sound (CDU), following intracavernosal injection of
alprostadil in ED patients with severe hypogonadism
(serum T < 2ng/mL) and no vascular co-morbidity
[50]. It was significantly lower than in a control group
of psychogenic ED patients, and increased up to the
range of the later group following T-replacement for
six months. In another study based on CDU of the
cavernosal arteries, Aversa et al. found a highly signif-
icant correlation of the resistive index with the serum
value of FT [51]. In a third study of arteriogenic 
ED patients with low–normal T—non-responders 
to sildenafil—T supplementation significantly en-
hanced the accelerating effect of sildenafil on peak
systolic velocity measured in the cavernosal arteries
[52]. However, more evidence is required before the
hypothesis of a significant impact of T on the penile
vascular mechanisms of men can be totally accepted.
• Effects of T therapy in the hypogonadal ED patients:
Testosterone therapy consistently restores erectile
function in young patients with organic hypogo-
nadism [24]. A recent meta-analysis by Isidori et al.
integrated 17 randomized controlled trials (RCTs)
that had studied the effects of T on male sexual func-
tion in men of any age [53]. A significant improve-
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ment of all aspects of sexual function was found in
men with low (<7nmol/L, 2ng/mL) and low–
normal T (7–12nmol/L, 2–3.46ng/mL) receiving
standard replacement doses of T, with respect to
placebo. Concerning erectile function, the magni-
tude of the effect was inversely related to the base-
line T concentration and was detectable only in
studies with mean baseline T level < 12nmol/L (3.46
ng/mL). No statistically significant effect on libido
(though close to significance) or erections was found
in studies with mean baseline T level above this. The
type of T preparation used, the length of follow-up
assessment, as well as the presence of ED and other
co-morbidities (diabetes mellitus, hypertension,
dyslipidemia), all influenced response to treatment.
The effect of age was not studied in this meta-
analysis. Although this data suggests a significant ef-
fect of T therapy on erectile function in cases of
marked or moderate hypogonadism, the effects re-
ported in the literature regarding this treatment
have been mostly disappointing when it was used
alone in middle-aged patients consulting for ED who
are subsequently found to be hypogonadal. This situ-
ation may be quite different from that of men with
organic hypogonadism, diagnosed earlier in life,
who constitute the majority of the populations stud-
ied in RCTs. No controlled trial has been specifically
devoted to such patients, but the compilation of eight
observational studies totalling 259 cases (T < 3ng/mL
or 11.5nmol/L) leads to the conclusion that only
36% were definitely improved regarding their erec-
tile function [18,20,54–59]. Perhaps TT is a poor
index of androgenicity, and only its bioavailable frac-
tions should be taken into account. This speculation
was not confirmed by the results of T therapy in ED
patients with low levels of FT or BT, since the success
rate was even poorer in this category, including cases
that had low FT or BT and normal TT levels [23,60].
Probably the low T level of some ED patients is not
the real, or at least the sole cause of their ED. The la-
bility of serum T has to be considered, and every low
result should be confirmed by a second determina-
tion. In addition, ED is often multifactorial, and the
meta-analysis by Isidori et al. found that co-
morbidities influence the effect of T therapy [53].
Significant vascular factors, such as obstruction of
the penile arteries or venoocclusive dysfunction

were found in as many as 42% of ED patients with
low T levels [18]. More subtle alterations such as en-
dothelial dysfunction, probably exist due to many
other medical co-factors, and this may also hamper
the effects of T therapy. It is even probable that in cer-
tain cases low T is more a consequence than the
cause of ED. In two studies the low serum T increased
following successful non-hormonal ED therapies
(such as intracavernosal or phosphodiesterase type 5
inhibitor (PDE5i) therapies) [25,26]. In such cases
the reduction in T secretion was likely caused by re-
duced sexual activity (that has been shown to stimu-
late T secretion) [61], and by the stress and
depression that often result from ED, through the
well-known inhibitory impact of the two latter fac-
tors on the hypothalamic gonadotropic centers
[62,63]. Carosa et al. observed a reduction in the
bioavailability of LH in ED patients that could result
from a spacing out of the LHRH pulses via a psycho-
somatic mechanism, since it was also reversible with
successful non-hormonal ED therapies [64].
• Possible requirement of a minimum serum T level for a
complete effect of PDE5i in ED patients: cGMP, the key
intracavernosal signal for the relaxation of the cav-
ernosal smooth muscle and thus erection, is inacti-
vated by the enzyme PDE5, present in the cavernous
bodies. This limits the effects of NO release on erec-
tion. By inhibiting PDE5, intracavernosal cGMP ac-
cumulation occurs, and that often improves the
quality of erection. In rodents androgens modulate
not only the expression of NOS but also that of PDE5
[65,66], as well as the response to electrostimulation
of the corpora cavernosa [67]. In animal models, it
was demonstrated that normal androgen levels are a
prerequisite for proper functioning of PDE5i [67,68].
The critical importance of a normal T level for intra-
penile mechanisms of erection has not been proved
until now in humans, but the expression of PDE5 is
T-dependent in humans too [66]. In addition in a
group of ED patients without any other apparent
cause of ED than severe hypogonadism, the PDE5i
sildenafil failed to improve the blunted erectile re-
sponse to visual sexual stimulation, as it did in eug-
onadal psychogenic ED patients. This response was
subsequently restored following T substitution for six
months [50]. Lastly in another study sildenafil im-
proved sleep-related erections even in hypogonadal
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men, but the effect of sildenafil and T was greater
than the sum of the two compounds alone [69].

Several uncontrolled studies recently reported an
increased prevalence of low or low–normal T levels
in ED patients who were non-responders to PDE5i,
with a frequent improvement of their response fol-
lowing T substitution [70–72]. The speculation that
hypogonadism was responsible for the PDE5i failure
is supported by two controlled studies. Aversa et al.
studied 20 patients (mean age 55) with arteriogenic
ED and both TT and FT in the lower quartile of nor-
mal range [52]. These had been non-responders to
six trials with 100mg sildenafil and were random-
ized to T or placebo patches combined with sildenafil
on demand. With respect to placebo, T-treatment
significantly increased the arterial inflow to cav-
ernous bodies (peak systolic velocity measured with
CDU following sildenafil administration), as well as
increased scores of the “erectile function,” “inter-
course satisfaction,” and “overall satisfaction” do-
mains of the international index of erectile function
(IIEF). The Shabsigh et al. study (Fig. 18.2) involved
more ED patients (75) with low or low–normal TT 
(≤ 4ng/mL)—non-responders to sildenafil 100mg
[73]. They were randomized to T or placebo gels
combined with sildenafil on demand during this
time, for 12 weeks. After four weeks the scores of the
“erectile function,” “orgasmic function,” and “over-
all satisfaction” domains of the IIEF, as well as the
number of patients reporting that their gel improved
their response to sildenafil, were significantly higher
in the T group. However the statistical differences be-
tween the T and placebo groups waned or disap-
peared at eight and 12 weeks, probably in part

because of the small size of the patient sample and
the rather high drop-out rate. However the specula-
tion that a certain threshold level of T is required for
a complete effect of PDE5i has still to be confirmed in
larger studies.

Conclusions
What are the practical consequences of diagnosing
hypogonadism in an ED patient? Hypogonadism is
present in 5–15% of ED patients according to age. 
Although low T may not be the main cause of ED 
in many patients, due to the frequent multifactorial-
ity of ED, and the preponderance of vascular 
factors, there are clearly benefits to screening for T
deficiency:
• Achieving physiologic levels of T is one of the rare
opportunities to restore spontaneous erections and
save patients from having to plan sexual activity, as 
is the case with most other therapies of ED.
• Providing T therapy is the only possibility of
restoring sexual desire [13,74], which is often low in
such patients, especially since low sexual desire is a
frequent cause of drop-out from PDE5i therapy.
• Replacing T may also improve other symptoms 
associated with hypogonadism, including lack of 
energy and mood disturbances [71,72].
• A threshold serum T level could be required to
achieve full efficacy with PDE5i. Therefore if an ED
patient does not satisfactorily respond to PDE5i, it is
indicated to determine serum T if not already done.
In case the level is low or low-normal (≤4ng/mL, 
14nmol/L), combining T therapy with PDE5i for 
at least two months is recommended.
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Fig. 18.2 Testosterone therapy (5 g
testosterone gel/d/12 wk) converts
sildenafil 100 mg non-responders to
responders in men with hypogonadism
(T <4 ng/mL) and erectile dysfunction.
The figure represents the mean change
in “erectile function” domain score.
The difference was no longer significant
from week eight. Source: Shabsigh R, et
al. J Urol 2004;172:658–663 [73].
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Role of late onset hypogonadism in male
aging and effects of testosterone therapy
Nature and prevalence of late onset
hypogonadism
In late onset hypogonadism (LOH) there is a variable
decline predominantly involving non-SHBG-bound
T. Several studies document that androgen levels de-
cline with aging (for review see [75]). Longitudinal
studies [76–78] have documented a statistical de-
cline of serum T by approximately 30% in healthy
men between the ages of 25 and 75 years. Since
serum levels of SHBG increase with aging, plasma T
not bound to SHBG decreases even more, by about
50%, over that period. Studies in twins have shown
that genetic factors account for 63% of the variabili-
ty of serum T levels, and for 30% of the variability in
SHBG levels [79]. Also systemic diseases, increasing
with age, are a cause of declining serum levels of T
[78,80]. While it now has been shown beyond
doubt, that serum T, and in particular BT and FT, de-
cline with aging, it remains uncertain what percent-
age of men actually become T-deficient with aging,
in the sense that they will suffer the clinical conse-
quences of T deficiency, and will potentially benefit
from T therapy. In a study of 300 healthy men be-
tween the ages of 20 and 100 years, Vermeulen,
defining their reference range of total plasma T be-
tween 11 and 40nmol/L, found one man with sub-
normal T in the age group 20–40 years, but more
than 20% above the age of 60 years [81]. However,
15% of men above the age of 80 years still had T val-
ues above 20nmol/L! It follows that only a certain
proportion of men have lower-than-normal T values
in old age.

What are the pitfalls of diagnosing LOH? There are
several problems regarding LOH. For androgen defi-
ciency it is difficult to rely on clinical symptoms, par-
ticularly in elderly men. In previously eugonadal
adults, symptoms of T deficiency emerge only gradu-
ally and insidiously. Only the physical signs of long-
standing T deficiency will be clinically recognized.
Further, stringent criteria to diagnose T deficiency
have not been formulated, neither in the young nor
in the elderly male population. In the elderly popula-
tion T deficiency is difficult to identify since symp-
toms of aging mimic symptoms of T deficiency and
are also similar to growth hormone deficiency. It has

not become clear whether other criteria for T defi-
ciency in aging men should be different than those
for younger men.

There are different threshold values for different
biologic effects. Testosterone has a number of physi-
ologic functions in the male. In adulthood it is re-
sponsible for maintenance of reproductive capacity
and of secondary sex characteristics. T has positive
effects on mood and libido, anabolic effects on bone
and muscle, and affects fat distribution and the car-
diovascular system. Threshold serum values of T for
each of these functions are becoming established.
The studies of Bhasin et al. and of Kelleher et al., ana-
lyzing the dose-response relationships between
serum T and biologic effects, show that low-to-mid-
normal serum levels of T suffice for most biologic ac-
tions of T [8,36]. Another consideration is whether
these threshold values change over the life cycle.
Theoretically, it is possible that in old age normal an-
drogen levels suffice for some but not for all andro-
gen-related functions. With regard to anabolic
actions, elderly men are as responsive to T as young
men [8]. Conversely, as previously detailed in p. 228,
the threshold required for libido and erectile func-
tion might increase with aging.

Correlations between androgen levels
and symptoms of male aging and effects
of testosterone therapy
Table 18.1 summarizes the clinical signs of androgen
deficiency.

Body composition
Body composition is seriously affected by the aging
process. Aging is almost universally accompanied by
an increase in abdominal fat mass and a decrease of
muscle mass. Androgens have a substantial impact
on muscle mass and on fat distribution, and there-
fore the relationship between these signs of aging
and T levels has been assessed.

Increase in fat mass
Several studies have convincingly documented an
inverse correlation between abdominal fat mass and
FT levels and this appears to be independent of 
age [82–84]. This finding has clinical relevance: 
the amount of visceral fat is highly significantly,
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associated with an increased risk of cardiovascular
disease, impaired glucose tolerance, and non-
insulin-dependent diabetes mellitus (the so-called
syndrome X) [85,86]. Whether the abdominal, and
more specifically visceral, obesity is the consequence
of the low T levels or vice versa, is not yet clear. It is
clear, however, that visceral obesity leads to a de-
crease of T levels, mainly via a decrease in SHBG lev-
els; hyperinsulinemia associated with visceral obesity
suppresses SHBG levels, leading in the first instance
to higher quantities of FT, which are subsequently
rapidly metabolized since the half-life of FT in the cir-
culation is short (15–20 minutes). In morbid obesity

(BMI > 35) there is also a decrease of FT. Fat mass de-
creased in 13 of 17 RCTs of T therapy in men over 50
[87]; although limited (1.5–2.5kg), the decrease was
statistically significant in 12 of the 14 RCTs of more
than three months in duration. In one meta-analysis
of 16 of these RCTs [88], an average of nine months of
T therapy produced a mean reduction of 1.6kg in
total body fat (−6.2% of initial percentage body fat, p
< 0.001). The effect was not different in men with
baseline T < 10nmol/L (1.46kg) and then those with
T > 10nmol/L (1.5kg).

Decline in muscle mass
There is an impressive age-associated decline in
muscle mass (12kg between age 20 and 70 years),
which is most pronounced for the fast twitch type II
fibres [89]. This loss of muscle mass is a major 
contributor to the age-associated decline in muscle
strength and fatigue [90]. Maximal muscle strength
shows a correlation with muscle mass, independent-
ly of age [91]. This is again related to the occurrence
of falls and fractures and the consequent limitations
of independent living. Lean mass, mainly muscle
mass, increased in 13 of 15 RCTs in aging men, 
including 12 of the 13 exceeding 13 months [87].
The average increase was 1–3kg, and no significant
change occurred after six months. But higher
plateau could be achieved with higher doses. In a
meta-analysis of 17 RCTs in men over 50, T therapy 
produced an increase in fat-free mass of 1.6kg 
(+ 2.7% over initial percentage of lean body mass 
(p < 0.001) [88].

Decline in muscle strength
The correlation between T levels and muscle mass
appears stronger than the correlation with muscle
strength. In a study of men aged 73–97 years, serum
T levels were, independently of age, positively relat-
ed to isometric grip strength and leg extension
strength [92]. In institutionalized men, who have
lower T concentrations than healthy elderly men, a
correlation between T levels and severity of loss of
muscle function could be established [93]. By con-
trast, two other studies failed to establish correla-
tions between T and strength. In one in elderly men
(65–97 years old), a significant correlation was
found between FT and muscle mass, but not grip
strength [94]. In the other, no correlation between T

Table 18.1 Clinical signs of androgen deficiency.

Lean/muscle mass ↓ Muscle mass
↓ Muscle strength
↓ Global performance

Fat mass ↑ Abdominal and visceral fat 
(“beer belly”)

Bone mass ↓ Bone mineral density
Back pain
↑ Risk of fractures (femoral neck, 
body of a vertebra, radius)
↓ Height

Metabolism and ↑ Total and LDL cholesterol, ↓ HDL
cardiovascular system ↑ Cardiovascular risk ?? 

(atherosclerosis)
↑ Insulin resistance

Blood ↓ Erythropoietin
Anemia (fatigue, decreased 
performance)

Cognitive functions ↓ Spatial cognition and memory
Depressive mood
Irritability
Sleep disturbances

Sexual functions ↓ Sexual desire
↓ Sexual arousal
↓ Erections, ED
Retarded orgasm
Diminished sperm production

Skin/hair Atrophy (parchment skin)
↓ Secondary hair
Sweating, flushes

ED, erectile dysfunction; HDL, high density lipoprotein; LDL,
low density lipoprotein.
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levels and muscle strength was found [95]. In most
RCTs in men over 50, the increase in muscle mass
was not associated with statistically significant im-
provements in muscle strength. Where improved,
this effect was mainly seen in the upper limbs with a
statistically significant increase in hand grip strength
in four of eight studies [87]. Higher doses might give
higher effects on muscle strength because the study
in which the highest T doses were used (400g T esters
per month) resulted in statistically significant im-
provements in both upper and lower limbs. Im-
provement in overall physical function was also
reported in a limited number of studies. These im-
provements were on timed stair climbing in two out
of two studies: timed walking in one of two, and
functional independence in one of two [87]. Finally,
in one study T therapy was observed to prevent the
perception of decreasing physical function that oc-
curred over time with placebo in men >65 years old
who wore scrotal patches containing either T or
placebo for 36 months. In a meta-analysis of nine
RCTs in men over 50, only the hand grip strength and
knee extension in the dominant limbs showed a ten-
dency towards improvement on T over placebo (p =
0.06 for both). No significant effect could be detected
in the muscles of the non-dominant limbs nor in the
knee flexion or leg extension in the dominant limbs
[88].

It must be concluded that the correlation between
T levels and muscle mass is readily demonstrable,
whereas the relation with muscle strength is appar-
ently less firm and could not be demonstrated in all
studies. Factors other than androgens, such as
growth hormone, probably play a significant role.

Bone mineral density
Decrease in bone mineral density
With aging there is an exponential increase in bone
fracture rate [96,97], which carries a clear associa-
tion with the age-related decrease of bone mineral
density (BMD). In view of the significance of sex
steroids in the maintenance of BMD at all ages, the
question whether the partial androgen deficiency in
aging males plays an important role in the decrease
of BMD is pertinent. A pivotal role of androgens in
the decrease of BMD has, however, been difficult to
establish [98]. Not all scientific findings agree. In-
deed, some studies find a significant, though weak,

correlation between androgen levels and bone min-
eral density at some, but not all, bone sites [99–101].
Others are unable to establish a correlation
[102–104]. There are some recent large-scale studies
of several hundred elderly men [92,105,106] and
they demonstrate that bone density in the radius,
spine, and hip are correlated with levels of BT. Inter-
estingly, the correlation with levels of bioavailable
estradiol was much more prominent, probably
pointing to the significance of estrogens in men, also
in old age. The effects of T therapy on BMD of men
over 50 have been studied in six RCTs of 12 (n = 4) to
36 months (n = 2) [87,88]. The T group behaved sig-
nificantly better than the placebo group in five of
these six trials. Pooled effects revealed that treat-
ment effect was higher at the lumbar spine and
femoral neck sites [88]. However, due to high base-
line variability of the study population, the pooled
effects failed to reach statistical significance. Only a
trend towards significance was found at the lumbar
spine site (estimated increase of 3.7%). In a study by
Snyder et al., increase in lumbar BMD was inversely
correlated with pretreatment T concentrations sug-
gesting that this effect mainly concerned the really
hypogonadal subjects. A recent uncontrolled but
large-scale study evaluating long-term effects of T
treatment showed that BMD continues to increase at
the lumbar spine after 18 and 30 months of treat-
ment [107]. Meta-regression analysis performed at
the lumbar spine and femoral neck revealed a signif-
icant effect of treatment preparation used, with the
highest effect found with T esters [88]. Study of
pooled effects of T therapy on bone markers used in
eight RCTs found that T had a moderate effect in re-
ducing bone resorption markers (p < 0.01) [88].
However the corresponding data showed significant
heterogeneity. The only two individual markers that
showed statistical reduction during T treatment
were the N-telopeptides and the deoxypyridino-
line/creatinine ratio (respectively, P < 0.05) [88]. No
significant effect was found on bone formation
markers. Until now no adequately powered trial has
yet explored the impact of T administration on hip
and vertebral fractures.

Role of aromatization
The suggestion presents itself that the effects of an-
drogens, which decline in elderly males, are at least
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partially mediated via their aromatization to estro-
gens [108]. In line with the latter observation Barett-
Connor et al. observed a significant negative and
graded association between levels of total and
bioavailable estradiol, but not of BT and fracture
prevalence in males (median age 67 years, range
56–87 years) independently of age, body mass 
index, or exercise [109]. While the evidence for a sig-
nificant role of estrogens in bone health is growing,
the effects of T should not be dismissed. Levels of BT
correlated with all regions of proximal femur BMD
and total body BMD after adjustment for age [92]. 
It is to be remembered that estrogens are largely 
(>80%) products of peripheral aromatization of 
androgens.

In sum, the relevance of androgens (both in their
own right and as precursors for the formation of es-
trogens) in age-associated osteopenia seems clear on
the basis of these recent large-scale studies. However
the extent of the effects of T therapy is limited with
respect to what has been reported in young hypogo-
nadal males.

Cardiovascular function
Steroids and vascular risk factors
Premenopausal women suffer significantly less from
cardiovascular disease than men, and traditionally it
has been thought that the relationship between sex
steroids and cardiovascular disease is predominantly
determined by the relatively beneficial effects of 
estrogens, and by the relatively detrimental effects of
androgens on lipid profiles [101]. Nevertheless, the
vast majority of cross-sectional studies in men are
not in agreement with this assumption; they show a
positive correlation between FT levels and HDL cho-
lesterol [111–113], and a negative correlation, with
fibrinogen, plasminogen activator inhibitor-1 [105],
and insulin levels as well as with coronary heart 
disease [115,116], but not with cardiovascular 
mortality [117–119].

Recent research shows the effects of sex steroids
on biologic systems other than lipids. Fat distribu-
tion, endocrine/paracrine factors produced by the
vascular wall (such as endothelins, nitric oxide),
blood platelets and coagulation, must also be consid-
ered in the analysis of the relationship between sex
steroids and cardiovascular disease [120,121].

Low testosterone level in coronary artery disease
Premenopausal women, in comparison to men, are
felt to be protected against cardiovascular disease by
estrogens. It is then paradoxical that in cross-section-
al studies of men, elevated levels of estrogens [115]
and relatively low levels of T [116,122,123] appear
to be associated with coronary disease and myocar-
dial infarction. These studies suggest the intriguing
possibility that, in spite of the prior assumption of
overall negative effects of androgens on lipid pro-
files, a lower-than-normal androgen level in aging
men is associated with an increase of atherosclerotic
disease. In a study of geriatric male patients who had
suffered a myocardial infarction, it was found that
these patients had low T levels [116]. In addition four
trials have found that pharmacologic doses of T relax
coronary arteries when injected intraluminally, and
modest but consistent improvement of exercise-in-
duced angina and electrocardiographic ischemia
have been observed following short-term T adminis-
tration in at least five RCTs [123–127]. These results
are encouraging but they await longer-term investi-
gations. On the other hand no beneficial effect could
be demonstrated on peripheral arterial disease, and
possible effects on cerebrovascular disease have not
been evaluated [124,126].

The apparently negative effect of androgens in old
studies may have been due, in part, to the supra-
physiologic levels of T achieved when injectable T es-
ters were used. The explanation may also lie in the
fact that T also exerts both beneficial and adverse ef-
fects on the vascular wall, and that a complex of risk
factors for cardiovascular disease—termed syndrome
X or the metabolic syndrome (comprising hyperten-
sion, insulin resistance, hypertriglyceridemia, and
visceral obesity)—is associated with low T levels
[83,84,115,128].

Testosterone effects on the arterial wall
Vascular cells contain T and estradiol (E2) receptors
as well as converting enzymes needed for E2 produc-
tion. Therefore T may regulate vascular physiology,
directly or indirectly [126]. It may especially 
modulate vascular reactivity by both endothelium-
dependent and -independent mechanisms. Physio-
logic doses reduce vasodilation through genomic 
actions. As already described, supraphysiologic
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doses enhance vasodilation through non-genomic
action. In addition, T exerts both pro-atherogenetic
(rapid accumulation) and anti-atherogenetic effects
(lipid secretion) on macrophage functions.

Role of metabolic syndrome and prospects 
of testosterone supplementation
Low T in men is a component of a plurimetabolic
syndrome (syndrome X)-associated increase in ab-
dominal fat, insulin resistance, type 2 diabetes, high
blood pressure, hypertriglyceridemia, low HDL cho-
lesterol, and a procoagulatory, antifibrinolytic state
[124,126]. It could be the driving etiologic factor of
this syndrome since following reassessment of the
initial cohort of the MMAS study after 15 years, it ap-
peared that low serum TT and SHBG at baseline were
significant predictors of subsequent occurrence of
metabolic syndrome in men with initially low BMI
(<25), but not in those with BMI >25 (risk increase of
41%) [129]. The association of clinical symptoms of
androgen deficiency doubled the risk of subsequent
metabolic syndrome (OR 2.51), but only in lean
men. The assumption that the effects of androgens
on lipid profiles are only one factor in the relation-
ship between androgens and cardiovascular disease
is supported by Tchernof et al. who could demon-
strate that, upon multivariate analysis, adjusting for
visceral obesity, the correlation between androgen
levels and lipid parameters loses its significance [84].
Given the fact that cardiovascular disease is associat-
ed with low plasma T levels, the question whether T
supplementation in aging men can reverse these 
cardiovascular risks is very interesting (for review
see [123]).

Effects of testosterone therapy
The first results of studies wherein T was actually ad-
ministered to mildly hypogonadal aging men did not
indicate negative effects on lipid profiles. In a dou-
ble-blind, placebo-controlled, crossover study, Ten-
over found that administering T enanthate (100mg
per week) for three months to 13 healthy elderly
men (with low serum total and non-SHBG-bound T 
levels) decreased total and LDL cholesterol without
affecting levels of HDL cholesterol [130]. Results of a
study by Morley et al. are in agreement with these
findings [131]; administration of 200mg of T enan-

thate every two weeks for three months decreased
total cholesterol without affecting HDL cholesterol
levels. The meta-analysis by Isidori et al. [88] pooled
16 RCTs performed in men over 50, including the
two previous ones. Testosterone therapy signifi-
cantly decreased serum total cholesterol whatever
the baseline T level, but its effects were more pro-
nounced in men with TT <10nmol/L (average −0.42
mmol/L or 16mg/dL) than in men with higher TT
(average −0.14mmol/L). T had no effects on LDL
cholesterol. A small but significant reduction in HDL
cholesterol was observed in the group of studies per-
formed in men with baseline T >10nmol/L (−0.09
mmol/L or −3.3mg/dl, −4–6%, with respect to the
baseline values), but not in men with lower T values;
the effect over the whole of the studies (whatever
the baseline T level) was not significant.

Overall T therapy has both beneficial and adverse
metabolic effects: the decreases in visceral fat, Lp(a)
lipoprotein, insulin resistance, fibrinogen, the 
fibrinolysis inhibitor PAI-1, and to a lesser degree
triglycerides and, if any, LDL cholesterol, are proba-
bly beneficial. The decrease in HDL cholesterol may
be adverse, though its final effect depends in fact on
its mechanism, presently unknown. It would be ben-
eficial if it reflected accelerated reverse cholesterol
transport.

Conclusions
Conclusions about T therapy and cardiovascular
function [87] are, first, that T exerts both apparently 
beneficial and deleterious actions on a multitude of
factors implicated in pathogenesis of arteriosclerosis
and cardiovascular disease. However, epidemiologic
studies have found no consistent association of en-
dogenous androgens with cardiovascular disease. In
addition no cardiovascular overmortality has been
reported during RCTs. But follow-up is too limited in
these RCTs (36–48 months) to assess long-term risks.
It has also to be remembered that overdosing T ther-
apy exposes men to a risk of fluid retention that may
result in heightened blood pressure or decompensa-
tion of cardiac insufficiency, and to polycythemia
that may result in increased blood viscosity and
thrombosis. But provided overdosing is avoided,
current evidence suggests that therapeutic use of 
T in men need not be restricted by concerns over
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cardiovascular side effects. On the other hand, even
if most T effects on vascular risk factors seem benefi-
cial, and if a large amount of clinical data suggests the
possibility of vascular benefits of T therapy, as con-
cerns coronary artery disease, available data do not
justify uncontrolled use of T for prevention of this
disease [87,126,127].

Psychic functions
Cognitive functions
There is some evidence to suggest that T may influ-
ence performance on cognitive tasks [132,133],
which is supported by the finding that T administra-
tion to older men enhances performance on mea-
sures of spatial cognition. The correlation between T
levels and cognitive performance, such as spatial
abilities or mathematical reasoning [134,135], has
been confirmed in Western and non-Western co-
horts of healthy males [135]. In a cross-sectional
analysis of the MMAS data, while older age was asso-
ciated with lower cognitive functioning (spatial abil-
ity, working memory, and speed/attention), no
association of these cognitive measures with any
hormone persisted after adjustment for age and co-
variates, and logged hormones did not mediate the
age–cognition relationship [136]. However in the 10
years’ longitudinal assessment of multiple cognitive
domains and of T, SHBG, and free T index (FTI) of the
Baltimore Longitudinal Study, higher FTI predicted
better scores on visual and verbal memory, visuospa-
tial functioning, and visuomotor scanning, and a re-
duced rate of longitudinal decline in visual 
memory [137].

While it is well known that T therapy significantly
improves cognition, mood, energy, and well-being in
young hypogonadal men, such effects are less clear in
aging men. Among seven RCTs in men over 50 that
assessed cognitive abilities, only three found statisti-
cally significant effects on spatial cognition (two of
two), spatial and verbal memory (two of four) and
working memory (one study) [87]. No significant ef-
fect over placebo was found for overall memory, re-
call, or verbal fluency. T therapy proved to increase
energy more than placebo in three of four RCTs in
aging men. Lastly, one or more of the measures of
quality of life were improved in three of the five RCTs
that assessed it, but the improvement concerned

only a minority of the assessed dimensions [87]. The
cognitive benefits of T therapy thus seem limited,
especially considering the mainly negative findings
found in the two RCTs of longer duration. Neverthe-
less it has to be noted that the few positive results
were obtained in men with impaired health or in a
subset of men with manifestly low serum T [138].

Mood
Testosterone has also been associated with general
mood-elevating effects. Some studies have found as-
sociations between lowered T levels and depressive
symptoms [139,140]. Depression is not rare in aging
men, and impairs their quality of life [139]; so the ef-
fects that declining levels of androgens may have on
mood and on specific aspects of cognitive function-
ing in aging are well-worth researching. However,
although low T was recently observed to predict inci-
dent depressive illness in older men in a longitudinal
study [141], and a significant relation between de-
pression and androgen receptor CAG repeat length
has been reported in men aged 48–79 years [142],
only two of the nine RCTs that have assessed the
effects of T therapy on mood in aging men found a
significant improvement in depression scores
compared with placebo [87]. Combined therapy
with T has also been observed to improve the efficacy
of anti-depressant agents over placebo in small
groups of younger men with refractory depression
[143].

Role of aromatization
Earlier studies have questioned the relevance of es-
trogens in human male sexuality [144]. A recent
study found that estrogen replacement in an aro-
matase-deficient man increased libidinous aspects of
sexuality [145]. There is also a range of non-sexual
effects of androgens on the brain and for (some of)
these effects aromatization of androgen to estrogens
might be relevant. Indeed, effects of estrogen on the
brain are increasingly being recognized [146],
though studies have mainly been carried out using
animal models. Estrogens have been observed to in-
fluence many processes in many regions of the brain
throughout the entire life span. These effects include
those on cognitive function, co-ordination of move-
ment, pain, and affective state, involving both the 
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estrogen receptor (ER)-α and ER-β genes. Only
some of the estrogen actions on the brain are 
intracellularly receptor-mediated, while others take
place on the cell membrane, mediated via second
messenger mechanisms, neuronal excitability, and
ion channels [147].

Steroids and Alzheimer disease
With regard to Alzheimer disease, men are relatively
protected in comparison to women. One intriguing
possibility is the putative neuroprotective effect of
estrogens in preventing or retarding this condition
[147]. Estrogens increase choline acetyltransferase,
the enzyme needed to synthesize acetylcholine
[148]. The assumption that postmenopausal women
enjoy protection from Alzheimer disease when they
receive estrogen replacement therapy has been chal-
lenged by the recently discontinued Women’s Health
Initiative (WHI) study. The WHI Memory Study
showed that the combination of conjugated equine
estrogens and progestagens increased the risk of
probable dementia in postmenopausal women aged
65 years or over [149]. This could be due to the an-
tagonistic effects of medroxyprogesterone acetate on
the positive effects of estrogens on cognitive func-
tions [150], and not to estrogenic effects per se. There
is evidence that androgens confer protection from
Alzheimer disease in their own right [151]. So there
may be an advantage in supplementing androgens in
aging men whose T levels have fallen below a certain
limit, thereby in fact substituting both androgens
and estrogens. Not all studies in aging men are in
agreement, however. A recent study [152] found
only a link between cognition and estrogens in
women but not in men, whereas Yaffe et al. found a
correlation between cognitive functioning and BT,
but not E2 [153].

Estrogens contribute to explicit (or declarative)
memory function through their action on hip-
pocampal neurons. The implication of this estrogen
effect is improved (conscious) recall of facts, events,
and autobiographic memories [153,154]. Explicit
memory is considered the cognitive function that is
most vulnerable to loss of estrogen. Women receiv-
ing estrogen replacement, and men whose estrogen
levels are above those of postmenopausal women,
score better on explicit memory tasks [155].

Summary
For the effects of androgens on sexual functioning,
aromatization of T is probably not required; but for
other effects on the brain the evidence is much
stronger, and it seems recommendable that andro-
gen-deficient men, including the androgen-
deficient aging male, should receive an aromatizable
androgen preparation.

It is of note that almost all the above studies are 
observational and in need of replication. Placebo-
controlled studies proving the benefits of (aromatiz-
able) androgens on cognitive functioning, and
prevention or slowing of dementia, are lacking.
Therefore, it is too early to recommend androgens to
improve the age-related decline of cognition in men.

Sexual functioning
Aging is the most robust risk factor predicting erectile
difficulties. It is obvious that aging per se is associated
with a deterioration of the biologic functions mediat-
ing erectile function: hormonal, vascular, and neural
processes. This is often aggravated by intercurrent
disease in old age, such as diabetes mellitus, cardio-
vascular disease, and use of medical drugs. T is only
one of the elements which may explain sexual 
dysfunction with aging.

It has been repeatedly shown in hypogonadal pa-
tients (with a wide age range) that sexual functions
only require androgen levels below or at the lower
end of reference values of T [8–10]. The relative an-
drogen-independence of erections in response to
erotic stimuli in the first studies [33], since then chal-
lenged in many others [156], and the relatively low
androgen levels required, suggest that T was not a
useful treatment for men with erectile difficulties
whose T levels were usually only marginally low.
This was reinforced with the advent of intracorporal
smooth muscle relaxants (papaverine, prosta-
glandin E1), later superseded by the PDE5i, hailed as
the ultimate successful treatment of ED.

As already detailed in p. 231, T therapy-
replacement alone may not suffice to restore erectile
potency in every case since ED is often multifactorial
in aging patients. It is a matter of clinical judgment
what type of treatment should be tried first, PDE5i 
or T, but it is important to remember that insuffi-
cient success of one type of treatment might require
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addition of the other, as well as treating the under-
lying medical risk factors.

Diagnosis: clinical symptoms 
and screening
Screening for hypogonadism in 
sexual dysfunctions
Several varieties of sexual dysfunction, mainly ED,
may be the presenting symptom of hypogonadism, a
condition that can reveal diseases with serious non-
sexual consequences, such as pituitary tumors. In
addition, missing a hypogonadism responsible for
sexual dysfunction would deprive the patient of 
an etiologic therapy that would give him the best
chance of success. This has led to the advocating of
routine determination of T in several dysfunctions.

Erectile dysfunction
Several authors question the recommendation of
routine T determination in ED because of the cost of
hormone determinations, the low prevalence of hy-
pogonadism in this population, and the limited suc-
cess rate of T therapy in the hypogonadal ED patient
[18,54]. They recommend screening only patients
with low sexual desire or abnormal physical exami-
nation (small and soft testes, reduced body hair, and
so on). However, in a study of routine determina-
tions of TT in over 1000 ED patients, the specificity,
sensitivity, and efficiency of low sexual desire in the
detection of low T (<3ng/mL, 10.4nmol/L) were
very low (66, 48, and 63%, respectively) [18]. By
combining both clinical signs (low sexual desire, pre-
sent in 29% of the ED patients, and/or physical signs
of hypogonadism, present in 30%), sensitivity was
only 59%. If T had been determined only in cases of
low sexual desire or physical signs of hypogonadism,
40% of the men with low T would have been missed,
including 37% of the hypogonadal patients who
were subsequently markedly improved with andro-
gen therapy alone. Today most published guidelines
recommend routine determination of T in ED
[2,24,157].

Other sexual dysfunctions
Routine determination of T is also recommended in
case of isolated low sexual desire [24,168], although
the prevalence of hypogonadism is low in the 

absence of associated ED [23]. Testosterone determi-
nation is not necessary in the other sexual dysfunc-
tions, unless clinical signs of hypogonadism are
associated. Some men using the 5α reductase in-
hibitor, finasteride, for benign prostate hyperplasia,
experience an impact on sexual function, especially
on ejaculation, although these effects are relatively
rare [158].

Screening for late onset hypogonadism
(LOH)
In women, age-related hormonal changes are well
recognized, generally with a rapid onset and pro-
gression, leading to the characteristic menopausal 
symptoms. In males, the changes in the hypo-
thalamic–pituitary–gonadal axis in general have an
insidious onset and a slow progression, do not have
clinical manifestations in all men, have a great vari-
ability from man to man —with the clinical picture of
hypogonadism being mild or even nonexistent in
many of them [159].

The clinical signs and symptoms of LOH can be
[2,157] (Table 18.1):
• Decreased libido (sexual desire)
• Erectile dysfunction (diminished quality of the
rigidity, intercourse frequency and nocturnal 
erections)
• Decrease in lean body mass, muscle volume and
strength
• Decrease in BMD, resulting in osteopenia, 
osteoporosis and increased risk of bone fractures
• Increase in visceral fat
• Changes in mood, with concomitant decreases in
intellectual activity, cognitive functions, spatial
orientation ability, fatigue, depressed mood and
irritability
• Decrease in body hair
• Skin alterations
• Gynecomastia
• Anemia
Hypogonadism is also prevalent in men with insulin
resistance [160], especially in those with type 2 dia-
betes and metabolic syndrome, which are frequent
in aging men [161].

These symptoms, though, can also be present in
many medical conditions and also may be mani-
fested in the normal process of aging. In conjunction
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with a complete anamnesis and physical examina-
tion, aging men with one or more of these com-
plaints or conditions should be investigated when
biochemical hypoandrogenism is suspected. Some
screening questionnaires were developed to facili-
tate the clinical diagnosis of LOH [157,162,163]. Al-
though not extensively used, they can be useful as an
initial screening that could lead to a biochemical as-
sessment. The ADAM questionnaire is a simple and
sensitive questionnaire, but performs marginally on
specificity, particularly in the elderly [162]. The AMS
questionnaire from Heineman has also been validat-
ed in most languages [163], but has also a rather low
specificity. On their introduction, these instruments
promised to offer a versatile tool to identify men with
LOH in large-scale communities. However, Beutel 
et al. recently demonstrated that the ADAM score is
unrelated to T levels and only moderately associated
with age. The AMS is unrelated both to T level and
age. They conclude that, based on their high correla-
tions with depression, both seem to measure symp-
toms associated with depression rather than
symptoms of LOH [164]. In conclusion neither of
these questionnaires replaces a proper history and
clinical examination, and better instruments need to
be developed.

Biochemical diagnosis
What hormone should be measured? 
The laboratory reference values of T and FT show a
wider range than those for most other hormones (for
instance, thyroid hormones), which makes it diffi-
cult to establish whether measured values of T in pa-
tients are normal or abnormal. Is a patient whose
plasma levels of T fall from the upper to the lower
range of normal T levels (a drop of as much as 50%),
T deficient? T levels may well remain within the ref-
erence range but may be inappropriately low for that
particular individual or his particular age. In thyroid
pathophysiology, plasma thyroid-stimulating hor-
mone (TSH) proves to be a better criterion of thyroid
hyper/hypofunction than plasma T4 or T3, but it is
uncertain whether plasma LH is a reliable indicator
of male hypogonadism in the elderly man. With
aging there are reductions in LH pulse frequency and
amplitude. Several studies have found that LH levels
are elevated in response to the decline of T levels

with aging, but less so than is observed in younger
men with similarly reductions in T levels [75]. This
may be due to a shift in the setpoint of the negative
feedback of T on the hypothalamic pituitary unit, re-
sulting in an enhanced negative feedback action,
which consequently leads to a relatively lower LH
output in response to lowered circulating levels of T.
Another factor is the fact that a number of aging men
have chronic illnesses that may cause secondary
hypogonadism.

Another variable that might be significant to assess
the androgen status in old age is plasma levels of
SHBG. Its levels increase even with healthy aging,
possibly due to a decrease in growth hormone (GH)
production and an increase of the ratio of free estra-
diol over FT [75]. Vermeulen and co-workers could
demonstrate that the FT value calculated by
TT/SHBG (according to a second-degree equation
following the mass action law) as determined by im-
munoassay appears to be a rapid, simple, and reliable
indicator of BT and FT, comparable to FT values ob-
tained by equilibrium dialysis [165]. An easy-to-use
free calculator of calculated FT and BT can be found
on www.issam.ch. So, determination of values of T
and SHBG might provide a reasonable index of the
androgen status in an aging person. BT is also a rather
reliable index, but it should be mentioned that direct
FT assays using a T analog do not yield a reliable esti-
mate of FT [165].
What is a low T level? 
The above has outlined the many unresolved ques-
tions as to the verification of deficiencies in the bio-
logic action of androgens in old age, and has shown
that there is no generally accepted lower limit of nor-
mal. Consequently, a pragmatic approach to this
issue must be taken in order to let aging androgen-
deficient men benefit from replacement therapy,
while the above theoretical but important questions
are resolved by clinical investigations. Vermeulen ar-
gues that, in the absence of convincing evidence for
an altered androgen requirement in elderly men, he
considers the normal range of T levels in young males
also valid for elderly men [81,165]. There is now gen-
eral agreement (official recommendations of ISSAM,
ISA, and EAU) that TT levels above 12nmol/L (3.46
ng/mL), or FT above 250pmol/L (72pg/mL) do not
require substitution [2]. Similarly, based on the data
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of younger men, there is consensus that serum TT
below 8nmol/L (2.31ng/mL) or FT below 180
pmol/L (52pg/mL) require substitution [2]. Since
symptoms of T deficiency become manifest between
12 and 8nmol/L, trial of treatment can be considered
in those in whom alternative causes of these symp-
toms have been excluded. Lastly since there are vari-
ations in the reagents and normal ranges among
laboratories, the cutoff values given for serum TT and
FT may have to be adjusted depending on the refer-
ence values given by each laboratory [2].

Precautions
To avoid a false diagnosis of hypogonadism, mea-
surement of T has traditionally been recommend to
take place before 11am in view of the diurnal
rhythm of plasma T. This should remain mandatory

for men younger than 40, but the diurnal rhythm of
T is less clearcut in elderly men compared to young
men, but it is usually not absent [6,7], and the risk of
falsely diagnosing hypogonadism when determining
T after this time seems minimal in men over 40 [7].

The consequences of lower-than-normal value of
T may have great impact, such as T-replacement. If
indeed plasma T values /cBT/cFT are so low that 
T-therapy is considered, the measurement has to be
repeated a couple of weeks later, together with an
assessment of LH and prolactin. Many physical or
psychologic stresses of daily living may temporarily
depress T secretion. Otherwise, serial measurements
of T in (elderly) men are fairly stable [166,167].

Table 18.2 lists some normal biochemical values.
These ranges are only examples. They depend in 
fact on the determination methods used by the

Table 18.2 Most often cited normal values for sex steroid levels in serum.

Male reference ranges Female reference ranges
Conversion

Parameter Conv. units SI units Conv. units SI units factor

Testosterone (total) 3–10 ng/mL 10.4–34.6 nmol/L <0.6 ng/mL <2.1 nmol/L 3.46

Testosterone (free) 9–47 pg/mL 31–163 pmol/L 0.7–3.6 pg/mL 2.4–12.5 pmol/L 3.46

DHT 16–108 ng/dL 55–372 nmol/L <20 ng/dL <69 nmol/L 3.44

Androstenedione 0.57–2.65 ng/mL 1.99–9.25 nmol/L 0.47–2.68 ng/mL 1.64–9.35 nmol/L 3.49
<1.0 ng/mL* <3.49 nmol/L*

DHEA-S 2.0–5.0 µg/mL 5.4–13.5 µmol/L 1.1–4.4 µg/mL 2.97–11.88 µmol/L 2.71
<1.2 µg/mL* <3.24 µmol/L*

17ß-estradiol 10–50 pg/mL 36–183 pmol/L 30–300 pg/mL1 110–1100 pmol/L1 3.67
300–400 pg/mL2 1100–1468 pmol/L2

>130 pg/mL3 >477 pmol/L3

<20 pg/mL* <73 pmol/mL*

Progesterone 0.1–1.0 ng/mL 0.32–3.2 nmol/L <1.5 ng/mL1 <4.8 nmol/L1 3.2
>12.0 ng/mL2 >38.4 nmol/L2

7.4–196 ng/mL4 23.7–627 nmol/L4

<0.8 ng/mL* <2.6 nmol/L*

Prolactin 2–14.5 ng/mL 40–290 mIU/L <10.0 ng/mL1 <200 mLU/L1 20
<16.0 ng/mL2 <320 mLU/L2

<8.0 ng/mL* <160 mLU/L*

SHBG 13–55 nmol/L 30–95 nmol/L

Reference values for women: * postmenopause; 1 follicular phase; 2 ovulation phase; 3 luteal phase; 4 during pregnancy.
DHEA-S, dehydroepiandrosterone sulfate; DHT, dihydrotestosterone; SHBG, sex hormone-binding globulin.
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laboratory. Each laboratory should provide its corre-
spondents wih reference ranges established in the
laboratory; it is better to select laboratories most 
experienced in hormone determinations.

Accuracy
Commercial radio-immunoassays and non-
radioactive immunoassay kits, as well as automated 
platform immunoassays that mostly use chemilu-
minescence detection are widely available and pro-
vide fairly accurate measurements of TT between 10
and 35nmol/L. Below 10nmol/L their accuracy is
considerably less. However, reference values vary
significantly from laboratory to laboratory, and from
measurement method to method. Consequently, it is
advisable that every laboratory establishes its own
“normal range” of T in men [168,169].

Searching for the etiology
In cases of secondary hypogonadism (normal or low
serum LH), several etiologies involving risks for

health must be looked for: in any case hyperpro-
lactinemia by determining serum prolactin, possibly
hemochromatosis, by determining serum iron and
ferritin, and in case of marked secondary hypogo-
nadism a pituitary tumor searched for with magnetic
resonance imaging (MRI), even in the absence of 
hyperprolactinemia.

The diagnostic approach is summarized in Fig.
18.3, the algorithm for suspected hypogonadism.

Androgen therapy
Androgen therapy has a number of benefits.

Benefits of androgen therapy
Testosterone monotherapy
Clinical studies examining T monotherapy for the
treatment of ED have yielded varying results. 
Meta-analysis, including trials in young organic
hypogonadal patients, has shown a 57% response
rate for T therapy in patients with ED, ranging from
64% for primary hypogonadism to 44% for

Erectile dysfunction, Low sexual desire (LSD),
or other potential symptoms or signs of hypogonadism

Measure am testosterone (T)
If LSD add Prolactin (PRL) 

T > 12 nmol/L (3.5ng/mL): NormalT < 12 nMol/L (3.5 ng/mL): Low or borderline

Repeat total T + SHBG, LH, FSH, PRL
Calculate free testosterone (cFT) 

T < 12 nmol/L and/or cFT < 250 pmol/L (72 pg/mL)
Confirmation of low or borderline total or free T

T > 12 nmol/L  and cFT > 250 pmol/L  (72 pg/mL)

High 
gonadotropins

Low/normal gonadotropins
and/or PRL > 35 ng/mL

No androgen deficiency: seek other causes

Exclude contraindications

Trial of androgen therapy

Succesful:
monitor

Failure: review ∆ 
Seek comorbidities

Investigate pituitary and other causes

No identified cause Identified cause

Manage accordingly

Fig. 18.3 Algorithm for the diagnosis of suspected hypogonadism.
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secondary hypogonadism [14]. Morales et al.
showed that T therapy is an effective treatment for
hypogonadal impotence, with improvement in sex-
ual attitudes and performance in 61% of patients
[56]. In another study, T monotherapy has been ob-
served to improve erectile function in only 36% of
the hypogonadal patients consulting for ED [18] (see
also pp. 203–2).

T therapy may have more significant effects on 
libido than on erectile function [170]. In one study,
normalization of serum T levels in hypogonadal men
with ED resulted in only short-term improvement
(one month) in erectile function and sexual satisfac-
tion, while improvement of sexual desire was statis-
tically significant for the six months of the study,
making the use of T therapy alone questionable in
this population [74]. However, T monotherapy did
improve sexual performance, desire, and motivation
in men with hypogonadism, in clinical trials with
transdermal T-gel formulation. Maximal improve-
ment occurred on day 30 and continued for the six-
month duration of the study [30].

There is a lack of data suggesting the efficacy of T
therapy in older men who do not meet the clinical
definition of hypogonadism. There is no convincing
evidence that androgen therapy is either effective or
safe for older men, unless a formal diagnosis of hy-
pogonadism exists [161]. The US Institute of Medi-
cine (IOM) has recommended additional clinical
research focusing on the benefits of T therapy in
older men as compared with placebo controls, fol-
lowed by larger-scale and longer-term trials to assess
risks and benefits [171].

Combination therapy
PDE5i are the first line of therapy in men who do not
have potentially reversible causes of ED, such as hy-
pogonadism [170]. Nonetheless, 23% to 50% of pa-
tients do not respond to PDE5i alone [73,172]. Given
the role of T in the NO pathway central to proper
erectile function, interest in PDE5i–testosterone
combination therapy has risen in recent years [157].
As reported on p. 232, the most robust arguments
supporting the validity of such a combination come
from a randomized, placebo-controlled study of hy-
pogonadal men with ED, non-responders to silde-
nafil [73]. In addition to improving erectile function,

T therapy improved orgasmic function [73]. In an-
other randomized, placebo-controlled study, short-
term transdermal T administration improved the
erectile response to sildenafil by increasing arterial
inflow to the penis during sexual stimulation [52]. T
was also shown to improve arterial flow and subse-
quent response to tadalafil treatment, with a greater
response after 10 weeks, compared to four weeks of
pretreatment with T [172]. Lastly, in a recent RCT,
sildenafil improved sleep-related erections even in
hypogonadal men, but combined therapy with T had
greater effects than the sum of the two compounds
alone, proving synergy [69].

Other uncontrolled studies have reported benefi-
cial effects of combination therapy in patients with
co-morbid conditions. Administration of intramus-
cular T and sildenafil was found to be efficacious in
renal transplant patients and in patients on renal
dialysis [173]. Oral T has been reported to reverse ED
associated with type 2 diabetes in patients failing on
sildenafil therapy alone [71]. In conclusion, T
combination therapy with PDE5i may improve 
the response to PDEi in patients with ED and 
hypogonadism.

Risks of androgen therapy
Recent reports suggesting increased risks associated
with hormone replacement in women [174,175]
have aroused concern that men receiving hormone
replacement may also be vulnerable to increased
health risks. However, no large-scale, long-term
studies have yet been initiated to assess the benefits
and risks of T therapy in men.

Benign prostatic hyperplasia
It is well recognized that the development of benign
prostatic hyperplasia requires the presence of andro-
gens and that the marked reduction in serum T
caused by chemical or surgical castration reduces
prostate volume. However, multiple studies [176]
have failed to demonstrate exacerbation of voiding
symptoms attributable to benign prostatic hyperpla-
sia during T therapy, and complications such as 
urinary retention have not occurred at higher rates
than in controls receiving placebo.

The literature on the effect on prostate volume
with exogenous T in middle-aged and older men
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with clinical features of symptomatic LOH (SLOH) is 
controversial. Pechersky et al. found that prostate
growth can be retarded or even reversed with andro-
gen therapy [177]. Others found that prostate vol-
ume, as determined by ultrasonography, increases
significantly during T therapy, mainly during the
first six months, to a level equivalent to that of men
without hypogonadism. However, urine flow rates,
post-voiding residual urine volumes, and prostate
voiding symptoms did not change significantly in
these studies. This apparent paradox is explained by
the poor correlation between prostate volume and
urinary symptoms. Clinicians should nevertheless
be aware that individual men with hypogonadism
may occasionally have increased voiding symptoms
with T therapy.

Prostate cancer
Prospective studies have demonstrated a low
frequency of prostate cancer in association with T
therapy. A compilation of published prospective
studies of T therapy (http://content.nejm.org/cgi/
content/full/350/5/482 - R6) revealed only five
cases of prostate cancer among 461 men (1.1%) fol-
lowed for six to 36 months, a prevalence rate similar
to that in the general population. Some studies call
for caution to administer T to elderly men. One re-
cent study left its mark on minds by describing that in
20 patients prostate cancer was diagnosed within
two years after initiation of T-replacement therapy,
with 45 % in the Gleason 7–9 category, implying a
poor prognosis [178]. The authors concluded that
prostate cancer may become clinically apparent
within months to a few years after the initiation of T
treatment. However the methodology of this study
was very poor, the authors were unable to find how
many total patients were really at risk, and nearly
half of these 20 men did not have a digital rectal
examination prior to T therapy initiation that was
done by primary care physicians. This study howev-
er emphasizes the necessity of systematic and 
careful screening for prostate cancer before any T
therapy.

Men with low T levels are eligible for T administra-
tion. But it is of some concern that the underlying
prevalence of occult prostate cancer in men with 
low T levels appears to be substantial. Morgentaler 

et al. found prostate cancer on sextant prostate
biopsy in 14% of men (median age 64 years) with
hypogonadism who had normal prostate serum
antigen (PSA) levels and normal results on digital
rectal examinations before receiving T therapy
[179]. In a separate, retrospective study of men with
known prostate cancer, high-grade prostate cancers
were associated with low FT levels [180]. Low pre-
operative T values in patients with prostate cancer
were associated with advanced pathological stage
[181], and with extraprostatic disease in patients
with localized prostate cancer [182]. These findings
may be explained in part by the observation that the
levels of T, LH, and FSH all increase after radical
prostatectomy, suggesting that prostate cancer itself,
or possibly even normal prostate tissue, may have 
an inhibitory effect on serum androgen levels
[183,184].

Despite decades of research, there is no compelling
evidence that T has a causative role in prostate 
cancer [177–189]. For example, studies using stored
frozen plasma samples failed to show a difference in
T levels between men in whom prostate cancer de-
veloped seven to 25 years later and those in whom it
did not. In 2001, Hsing reviewed the 12 available
prospective studies that examined the relation be-
tween serum androgen levels and prostate cancer.
Only one case-control study (the Physicians’ Health
Study) suggested any significant relation between
higher T levels and prostate cancer. However, this
study found no significant difference in mean T lev-
els between patients with prostate cancer and con-
trol subjects, and no significant difference in the risk
of cancer between men in the highest and lowest
quartiles for serum T. An increased risk of prostate
cancer with higher T levels was observed only after
simultaneous adjustment for four other hormones
[190].

Thus, there appears to be no compelling evidence
at present to suggest that men with higher T levels
are at greater risk of prostate cancer, or that treating
men who have hypogonadism with exogenous an-
drogens increases this risk [81,191]. In fact, it should
be recognized that prostate cancer becomes more
prevalent exactly at the time of a man’s life when T
levels decline.

In conclusion, proper monitoring with PSA and
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digital rectal examination (DRE) should promote the
early diagnosis, and thus potential cure, of most 
“unmasked” prostate cancers identified during T
therapy. Certainly, all men presenting for possible T
therapy who are found to have an abnormal PSA
level or abnormal DRE should first undergo prostate
biopsy, and there should also be a low threshold for
biopsy if the PSA level rises substantially or if there 
is a change on DRE, such as the development of a
nodule, asymmetry, or areas of increased firmness.
Although a history of prostate cancer has been con-
sidered an absolute contraindication to T therapy,
this point is now under active debate for men who
are deemed cured.

In follow-up studies of tens of thousands of men it
appears that the risk of having prostate cancer is also
high in the PSA range of 2–4ng/mL, which implies
that the commonly accepted cut-off value of PSA of 
4ng/mL as safe may not be valid [192]. Meanwhile
the majority of the prostate cancer experts agree
that, rather than the absolute value of PSA, its veloc-
ity during the observational period is of importance,
and that an increase of PSA of more than 0.5
ng/mL/year over two following years is an indica-
tion for a prostate biopsy and withdrawal from T-
replacement therapy [193]. The present recommen-
dations are as follows: biopsy is recommended if the
PSA velocity exceeds 0.2–0.5ng/mL/year in men
with a total PSA level less than 2.5ng/mL/year, or 
if the PSA velocity is greater than 0.75ng/mL/year
and the total PSA is above 4ng/mL [194]. A strict
adherence to these guidelines is essential.

Lipids
Available data regarding the relation of T-replace-
ment therapy to lipid profiles are inconsistent.
Supraphysiologic doses of androgens, particularly
oral non-aromatizable androgenic steroids, appear
to lower HDL levels [195]. However, numerous con-
trolled studies using physiologic doses of T have
shown no change, or only a minimal reduction, in
HDL, often accompanied by a reduction in total cho-
lesterol. Whitsel et al. performed a meta-analysis of
the effects of intramuscular T esters on serum lipids
in men with hypogonadism, and reported that HDL
levels were reduced in three studies and unchanged
in 15 [196]. Total cholesterol levels were reduced in

five studies, increased in two, and unchanged in 12.
LDL levels were unchanged or reduced in 14 of the
15 studies in which they were measured. Thus, the
limited information available would suggest a neu-
tral effect of T therapy on lipid profiles. A double-
blind, placebo-controlled study involving 108
healthy men receiving transdermal T failed to show
any significant difference between groups in serum
levels of lipids and apolipoprotein during 36 months
of treatment [197]. In a 24-week, multicenter, ran-
domized, parallel-group study, Dobs et al. [198]
compared transdermal and intramuscular adminis-
tration of androgens in 58 men and did not detect
any significant difference in HDL levels or in the ratio
of total cholesterol to HDL in either group, regardless
of the mode of therapy. We have already cited on p.
234 the results of the meta-analysis by Isidori et al.
[88], which concluded there was a significant de-
crease of serum total cholesterol on T therapy in
aging men, whatever the T level, while no significant
effect could be demonstrated on LDL cholesterol,
and a significant decrease in HDL cholesterol was ob-
served only in the aging men with baseline serum 
T >10nmol/L.

Thus, the present data, taken together, suggest
that T therapy within the physiologic range is not 
associated with significant worsening of the lipid
profile.

Cardiovascular risk
The belief that T is a risk factor for cardiac disease is
based on the observation that men have both a high-
er incidence of cardiovascular events and higher T
levels than women. However, few, if any, data sup-
port a causal relation between higher T levels and
heart disease [199–202]. Indeed, several studies 
suggest that higher T levels may actually have a 
favorable effect on the risk of cardiovascular disease
[203,204].

Evidence that T therapy may be beneficial for men
with cardiac disease was provided by English et al.,
who found that 22 men with chronic stable angina
who were treated with transdermal T therapy had
greater angina-free exercise tolerance than 24 place-
bo-treated controls [205]. However, it is unknown
how this observation may relate to cardiovascular
risk during long-term T supplementation. In a study
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of 32 men treated for 52 weeks with 200mg of 
intramuscular T enanthate weekly, Anderson et al.
showed decreases in prothrombotic factors, pro-
thrombinase activity, and proteins C and S to be
counterbalanced by increases in antithrombin III ac-
tivity and fibrinolytic activity. There was no effect on
platelet activity [206]. The issues related to the possi-
ble impact of T therapy on cardiovascular function
have also been extensively discussed on pp. 236–8.

Studies of T therapy have not demonstrated an in-
creased incidence of cardiovascular disease or events
such as myocardial infarction, stroke, or angina
[207]. Although the data appear reassuring, defini-
tive assessment of the long-term effects of T therapy
on cardiovascular health will require prospective,
large-scale, placebo-controlled studies [125].

Polycythemia
Testosterone is a physiologic stimulus for erythro-
poiesis. Men with hypogonadism have lower
hemoglobin levels than age-matched controls, and T
therapy can restore their hemoglobin levels to the
normal range. The mild anemia prevalent in elderly
men has been postulated to be due to declining T lev-
els [208]. Although a rise in the hematocrit is gener-
ally beneficial for patients with anemia, elevation
above the normal range may have grave conse-
quences, particularly in the elderly [209]. The 
risk of hemoconcentration and of resulting throm-
bosis is greater if the patient also has a condition that
may itself be associated with an increase in the
hematocrit, such as smokers, men with chronic ob-
structive pulmonary disease, and congestive heart
failure. Some cases of thrombosis of various arteries
have been reported in literature. T injections appear
to be associated with a greater risk of polycythemia
than topical preparations. Dobs et al. [198] compared
a transdermal non-scrotal T patch with intramu-
scular injections of T enanthate and observed 
that 15.4% and 43.8% of patients, respectively, had
at least one documented elevated hematocrit 
value (defined as over 52%) during the course of the
study.

Although untoward events are unlikely with mild
erythrocytosis of relatively short duration, the
hematocrit or hemoglobin level should be moni-
tored in men receiving T therapy so that appropriate

measures may be instituted if polycythemia 
develops.

Infertility
All delivery methods for T therapy share a common
shortcoming. Some suppression of the hypothalam-
ic–pituitary–gonadal axis is inevitable via a negative
feedback mechanism [210]: the low LHRH levels de-
crease LH and FSH production by the pituitary gland;
the low LH levels translate to low T production by 
the Leydig cells in the testes; and the reduction in
FSH results in suppression of spermatogenesis [211].
Young men with hypogonadotropic hypogonadism
who are interested in fathering children may avoid T
therapy and seek treatment with agents that stimu-
late the internal production of T, such as hCG or in
mild cases—clomiphene citrate.

Contraindications
The absolute contraindication for T therapy is the
suspected or documented presence of prostate can-
cer or breast cancer [212]. Although there is no evi-
dence that T or any other androgen initiates prostate
cancer, it is generally accepted that T therapy may ac-
celerate an already existing prostate cancer. Relative
contraindications and cautions include severe con-
gestive heart failure for concern of fluid retention,
and polycythemia, severe sleep apnea, severe lower
urinary tract symptoms, gynecomastia, and male 
infertility [157].

Candidates for androgen therapy
It is generally accepted in clinical practice that any
male with any form of classical hypogonadism and
inadequately low T for his age will require androgen
therapy if hypogonadism occurred before the age of
50 [213]. Even in men who have proceeded nor-
mally through puberty, and who experience no or
only minor symptoms (e.g. fatigue, reduced libido), T
therapy may be recommended, to prevent long-term
sequelae such as osteoporosis [1]. Conversely, there
is much debate concerning the validity of this thera-
py in men with sexual dysfunction and low normal T
levels, those with chronic illness and low T, and those
with LOH, even if the decline in BT may be partially
responsible for the frailty syndrome seen in the aging
male [214]. The recommendation common to
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ISSAM, ISA, and EAU is that a clear indication, based
on a clinical picture together with biochemical evi-
dence of low serum T (see Table 18.2, p. 242), should
exist prior to the initiation of T substitution [2].

When screening for candidates for androgen ther-
apy, it is essential to realize that:
• Good biologic markers of androgen action are
lacking.
• The interpretation of serum TT levels in the low-
normal range is difficult due to the complexities of
circadian and pulsatile rhythms, and the binding
proteins.
• Current screening questionnaires for androgen
deficiency are inaccurate.
• T therapy is only one among other possibilities to
reduce physical and affective complaints in the aging
male, and/or limit the effects of aging. Actually re-
ducing or stopping tobacco and alcohol, observing a
hypolipidemic diet, and, even more, exercising 
regularly, are the first actions to be taken.

Interest of the “androgen test”
In case of minimal clinical signs of androgen defi-
ciency, or of minimal or borderline serum T decrease,
the final decision may rely on the results of a two or,
better, three months’ trial of androgen therapy [2], 
assessed with questionnaires such as AMS and IIEF
administered both before and at the end of the trial.

Initiation of treatment and follow-up
Appropriate investigations to rule out contraindi-
cations before starting T therapy are DRE, 
determination of PSA, and possibly transrectal ultra-
sonography. If, after 3–6 months, the signs and
symptoms causing the initiation of therapy do not
improve, androgen administration should be 
reconsidered.

The second annual Andropause consensus meet-
ing recommended performing DRE and serum PSA
before treatment, at three and six months, and 
yearly thereafter [215]. In addition to that recom-
mendation, a PSA level could be obtained one month
after initiation of therapy to capture the patient with
a previously undiagnosed prostate cancer that may
be behaving in a very aggressive fashion following 
T-replacement. ISSAM and WHO guidelines also 
recommend periodic hematologic assessment, i.e.

before treatment, quarterly for one year, and then
annually, to detect possible iatrogenic polycythemia
[2,168]. It may also be useful to monitor serum T,
especially when under- or overdosing is suspected.
Blood has then to be sampled at appropriate times,
depending on the T preparation that is used, and its
specific pharmacokinetics.

Available preparations
Injectable, transdermal, buccal, and oral T formula-
tions are available for clinical use (Table 18.3). These
forms of treatment differ in several key areas, includ-
ing their risk profiles.

Oral testosterone
Testosterone undecanoate is well absorbed after its
oral administration but is quickly degraded during its
passage through the liver. Therefore, it is not possible
to achieve sustained blood levels of T after oral 
administration of crystalline T. 17α alkylated 
derivatives of T (especially methyltestosterone) are
relatively resistant to hepatic degradation and can be
given orally; however, because of the potential for,
and history of, hepatotoxicity, these formulations
are not recommended for clinical use.

Long-acting injectable testosterone
The esterification of the T molecule at the 17-β-
hydroxy position makes the molecule hydrophobic
and extends its duration of action. De-esterification
of T is not a limiting factor in determining its duration
of action. It is the slow release of the hydrophobic T
ester from its oily depot in the muscle that accounts
for its extended duration. The longer the side chain,
the greater the hydrophobicity of the ester and 
the greater the duration of action. Thus, T enanthate
and cypionate with longer side chains have longer
duration of action than T propionate.

T enanthate and T cypionate are supplied as ester-
ified oil-soluble preparations for injection. Their
pharmacokinetics are identical as far as half-lives
and peak levels. Serum levels of estradiol and DHT
(metabolites that are derived by conversion from T)
may be excessive in case of overdosing. A typical
dose is 100mg per week, or 200–300mg every two 
to three weeks. Peak serum levels occur two to five
days after injection, and a return to baseline is
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usually observed 10 to 14 days after injection. A 
regimen of T enanthate or cypionate results in highs
and lows in serum T levels that are attended by simi-
lar changes in the patient’s mood, sexual desire and
activity, and energy level. The advantages of this
form of therapy include low cost and high peak
serum levels of T. The disadvantages include the 
pain of injection and the need for frequent medical
visits for administration of the injections.

A new parenteral T preparation, T undecanoate,
enables elimination of most of the shortcomings of
these old preparations. It has the advantage that the
serum T levels resulting from each injection are
much more stable and physiologic. T undecanoate
has been extensively investigated in hypogonadal
men. After two loading doses of 1000mg T unde-
canoate at 0 and 6 weeks, repeated injections at 12-
week intervals are sufficient to maintain T levels in
the reference range in the vast majority of eugonadal
men, with intervals of up to 14 weeks in some men
[216,217].

Transdermal T is available in either a skin patch
and more recently as gel preparations. Daily applica-
tion is required for each of these. They are designed
to deliver 5–10mg of T per day. The advantages in-
clude ease of use and maintenance of relatively uni-
form serum T levels over time [218,219]. Skin

irritation is a frequent adverse effect of T patches but
is uncommon with gel preparations [30,220]. Inade-
quate absorption through the skin may limit the
value of transdermal preparations in some persons,
or may require a doubling of the daily dose.

Table 18.4 provides a summary of T therapy.

Alternatives to testosterone therapy

Oral clomiphene
Another potential method of the treatment of 
hypogonadism is the use of agents that increase 
the endogenous production of T in men with hypog-
onadotropic hypogonadism. Shabsigh et al. reported
on a study on 36 men with hypogonadism defined as
serum T level less than 3ng/mL. Each patient was
treated with a daily dose of 25mg clomiphene cit-
rate, and followed prospectively. The mean age was
39 years with the mean pretreatment T and estrogen
levels of 2.47 ± 0.39ng/mL and 32.3 ± 10.9pg/mL, 
respectively. By the first follow-up visit (four to 
six weeks), the mean T level rose to 6.1 ± 1.78ng/mL 
(P < 0.00001). Moreover, the T/E ratio improved
from 8.7 to 14.2 (P < 0.001). This therapy may
represent an alternative to T therapy by stimulating
the endogenous androgen production pathway
[211], and allowed Guay et al. to improve T secretion

Table 18.3 Available testosterone formulations.

Route Formulation Dose Dosing frequency

Injectable T propionate in oil 10–25 mg Twice a week
T cypionate in oil 50–250 mg Every 2–4 weeks
T enanthate in oil 50–250 mg Every 2–4 weeks
T undecanoate in oil 1000 mg Every 10–14 weeks

Oral T undecanoate* 40–80 mg 2–3 times a day
T undecanoate caps** 40–80 mg Twice a day
Mesterolone 75–150 mg Once a day

Buccal T buccal system*** 30 mg (1 system) Twice a day

Transdermal T patch 5 mg (1 patch) Once or twice a day
T gel 50–100 mg Once a day

Subcutaneous Crystalline T pellet 600 mg Every 16–26 weeks

* in oleic acid; ** in a mixture of castor oil and propylene glycol laureate; *** to be stuck to gum.
Source: [75].
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Table 18.4 Synopsis of testosterone therapy.

Indications for testosterone supplementation
Clinical symptoms

Psychologic symptoms: Irritability, depression, nervousness, anxiety, discouragement, lack of energy
Somatovegetative symptoms: Joint/muscle complaints, sweating, hot flushes, sleep disturbances, increased need for 

sleep, deterioration in well-being, weakness, fatigue, exhaustion
Sexual symptoms: Erectile dysfunction, decreased libido, decreased ejaculate volume, decreased 

orgasmic intensity

Laboratory tests
Total testosterone: <2.3 ng/mL (<8 nml/L): T therapy mandatory. Between this level and 3.5 ng/mL or 

12 nmol/L a trial of T therapy is also justified
Calculated free testosterone: <52 pg/mL (<180 pml/L): T therapy mandatory. Between this level and 72 pg/mL or 

180 pmol/L a trial is also justified
Bioavailable testosterone: <0.75 ng/mL
SHBG >50–60 nmol/L may be associated with a decrease in bioavailable testosterone

Contraindications
• History of prostate or breast cancer
• PSA elevation (>4 ng/mL). Warning: hypogonadal men with PSA levels of 2.5 to 4 ng/mL may also be at risk for prostate

cancer!
• PSA increase >0.50 ng/mL/year for at least 2 years
• Symptomatic benign prostate hyperplasia with severe clinical symptoms
• Polycythemia/polyglobulism, hypercoagulability
• Sleep apnea syndrome
• Severe left cardiac insufficiency
• Poorly controlled severe hypertension
• Uncontrolled hyperprolactinemia

Possible benefits of T therapy
(marked in less than 40 years old hypogonal males, less constant and ample over 40)
Body composition: ↑ Muscle mass, ↓ fat mass, especially abdominal and visceral fat
Bone: ↑ Bone mineral density, prevention of osteoporosis
Blood: ↑ Red blood cell count, ↓ anemia and resulting fatigue
Physical functions: ↑ Muscle strength, ↑ energy, ↓ weakness, ↓ fatigue
Psychic functions: ↑ Spatial cognition and memory, ↑ energy, ↓ irritability and depression
Sexuality: ↑ Sexual desire, arousal, erections, volume of ejaculate

Possible side effects of T therapy
Prostate: PSA increase but mostly within normal range

Prostate enlargement but mostly within normal range
Rarely prostate cancer

Metabolic and cardiovascular: Possible ↓ HDL cholesterol
In case of overdosing:

Polycythemia with ↑ hematocrit and risk of thrombosis
Fluid retention with risk of:

Reinforcement of high blood pressure
Decompensation of cardiac insufficiency

Sleep disturbances: ↑ Sleep apnea syndrome with possible reinforcement of ↑ hematocrit, ↑ blood viscosity 
and risk of thrombosis

Testes, fertility: ↓ Testes volume, ↓ spermatogenesis and fertility, till azoospermia

Psychic functions: In case of overdosing aggression, excessive excitement

Stimulation of diseases sensitive ↑ Size of prolactinoma with possible headache, visual complications, and 
to estrogens (due to hypopituitarism
aromatization into estradiol): Stimulation of breast cancer

Gynecomastia

HDL, high density lipoprotein; PSA, prostate specific antigen; SHBG, sex hormone-binding globulin.
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and erectile function in hypogonadal ED patients
[221].

Human chorionic gonadotropin
Human chorionic gonadotropin (hCG) has the 
same biologic activity as LH, but a longer half-life.
One injection of 5000 IU stimulates T secretion for 
three to five days on condition that the Leydig cells
are responsive.

Summary of recommendations
Recommendations for screening 
and therapy
Currently there is no basis for androgen therapy in older
men, unless they have overt androgen deficiency with
symptoms and low testosterone [2].

Testosterone levels needed for normal sexual
function may vary between individuals. Some men
may have normal sexual function even if their T lev-
els fall into the age-adjusted lower normal range
[221]. However, in patients with ED and/or hypoactive
sexual desire, T testing is recommended to screen for hypog-
onadism. T therapy is appropriate when clinical indica-
tions and biochemical evidence of hypogonadism exist
[168,222]. In men with ED, determining T levels
only in case of either low sexual desire or abnormal
physical examination overlooks many patients with

low T who do not have these symptoms but may
benefit from androgen therapy [18]. Testosterone
monotherapy may correct sexual dysfunction
caused by hypogonadism, but absence of an ade-
quate response after appropriate therapy may re-
quire further evaluation to exclude associated
co-morbidities, such as those causing vasculogenic
or neurogenic ED [222].

Populations for combination therapy 
and screening
Testosterone efficacy as monotherapy for ED is limit-
ed, because of the multifactorial nature of the patho-
physiology of ED. Combination therapy with T and
other ED treatments, such as PDE5i, may be valuable
in certain subpopulations of patients. There is increas-
ing evidence that combination therapy is effective in treat-
ing ED in patients where treatment failed with testosterone
or PDE5i alone. Combination therapy may be par-
ticularly useful in men with type 2 diabetes and
metabolic syndrome, who frequently have hypogo-
nadism. Additional studies are required to assess 
full utilization of combination therapy.

Two algorithms are proposed regarding androgen
therapy: in a man presenting with low T (Fig. 18.4),
and in a man presenting with ED as potential 
symptom of hypogonadism (Fig. 18.5).

Hypogonadal male

Young
Congenital hypogonadism

Loss of testicles

Hypogonadotrophic 
hypogonadism 

interested 
in fatherhood

Therapy inducing 
endogenous T 
production:

hCG or clomifene

Hypergonadotrophic 
hypogonadism,

or not interested in 
fatherhood

Testosterone therapy

Middle age or older
Late onset hypogonadism

Symptomatic Asymptomatic

Testosterone therapy Observation,
exercise, 
and/or

alternative
therapy, 

e.g. SARMs,
osteoporosis 
therapies,etc

Rule out prostate 
cancer

Early follow up
T,PSA, DRE, 

hematocrit, lipids

Long-term follow-up
T, PSA, DRE

Follow-up: T,
+ after age 40          

PSA, DRE, 

Fig. 18.4 Algorithm for androgen
therapy in a man presenting with low
testosterone. DRE, digital rectal
examination; hCG, human chorionic
gonadotropin; PSA, prostate-specific
antigen; SARM, selective androgen
recepor modulator;  T, testosterone.
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Future therapies
Selective androgen receptor modulators
The discovery and development of selective andro-
gen receptor modulators (SARMs) provides the op-
portunity to design molecules that are not only orally
active, but that target androgen receptors in different
tissues to elicit the specific desired activity [223]. The
desired activity profile of novel SARMs is described
in Table 18.5. An ideal SARM for the treatment of
primary or secondary male hypogonadism would
have the following profile: orally active, with a phar-
macokinetic profile consistent with once a day ad-
ministration; capable or incapable of stimulating the
prostate, seminal vesicles, and other sex accessory
tissues at doses equipotent to those needed to pro-
vide increases in muscle mass and strength along
with fat-free mass; support bone growth; and main-
tain/restore erectile function, libido, virilization, and
male habitus. Unlike testosterone, these SARMs are
not substrates for 5α-reductase activity. Other activ-
ities that are considered undesirable should be 
diminished or eliminated, such as potential liver 
toxicity, blood pressure effects, and fluid retention,

induction of gynecomastia, infertility, and overstim-
ulation of erythropoiesis. On the other hand, use of
SARMs for selected indications provides the ratio-
nale for developing molecules with distinct tissue
specificity. For example, if the target is bone growth
in elderly men with osteopenia or osteoporosis, but
with no overt signs of hypogonadism, a more ana-
bolic SARM with clear effects on bone and muscle,
but lesser activity on prostate or other sex accessory
tissues, would be more desirable.

The compound 7α-methyl-19-nortestosterone
(MENT) has a biopotency per molecule 10 times
greater than T [224] and it does not undergo 5α-
reduction, which may or may not be an advantage 
for its effects on the prostate. It retains, however, its
capacity to be aromatized to estradiol [225]. It can-
not be regarded as a SARM since there is no tissue se-
lectivity based on receptor mechanisms, but it is
potentially prostate-sparing. The effects of MENT on
the prostate are two to three times as potent as those
of T, but studies with MENT given in a dose sufficient
to sustain gonadotropin suppression and anabolism
(1/10 of the amount of T) showed a 50% loss in

Male with ED
First time presentation

Testosterone therapy

Combination therapy, 
e.g. Testosterone + PDE5i

Screen all ED patients for T

T lowT normal

ED therapies, 
e.g. PDE5i

Satisfactory 
response

Unsatisfactory 
response

Continue
Testosterone

therapy 

Alternative 
ED therapies, 
e.g. injections, 

prosthesis

Unsatisfactory 
response

Unsatisfactory 
response

Satisfactory 
response

Continue 
Combination

therapy

Male with ED
Failure of PDE5i

No previous T testing

Screen all ED patients for T

T normalT low

Alternative 
ED therapies,
e.g. injections,

prosthesis

Fig. 18.5 Algorithm for androgen
therapy in a man presenting with
erectile dysfunction. ED, erectile
dysfunction; PDE5i, phosphodiesterase
5 inhibitor; T, testosterone.
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prostate volume. MENT is capable of restoring and
maintaining sexual behavior in the human male
with plasma levels in the order of 15–20% of normal
T levels [226]. The pharmacokinetics of MENT ad-
ministered as MENT acetate subdermal implants has
shown that serum MENT levels remain at a steady
state level during the four weeks of implant use and
are clearly dose-dependent [227].

Hyperprolactinemia

Prolactin (PRL) is a large polypeptide mainly respon-
sible for the regulation of lactation and involved in
over 300 other functions. The release of PRL from
the pituitary lactotropic cells is under tonic inhibito-
ry control by the hypothalamus, primarily by the
neurotransmitter dopamine. The secretion of PRL is
stimulated by estrogens, and therefore, indirectly, by
aromatizable androgens such as T.

PRL has no known role in the physiologic control
of human sexual behavior, except a possible contri-
bution of the PRL secretion induced by orgasm in the
sexual-satiation mechanisms [228]. All types of 
hyperprolactinemia (HPRL), however, can inhibit

many aspects of male sexual behavior. Although
HPRL is a rare condition, it should be known as a pos-
sible cause of male sexual dysfunctions, and should
not be missed since many cases result from pituitary
tumors (mostly PRL-secreting macro-adenomas or
macroprolactinomas, >10mm in diameter, sometimes
micro-prolactinomas, <10mm). Macro-adenomas
are likely to result in serious endocrinological (hy-
popituitarism), visual and tumoral complications, due
to the tumor’s growth.

Sexual dysfunctions of
hyperprolactinemic men
A literature review encompassing more than 300
men with HPRL [229] found sexual dysfunctions in
88%, including ED in almost every case. The most
typical pattern associates ED with a reduced sexual
desire. Delayed or absent orgasm are also associated
in some cases, but virtually never isolated. Several
cases of retrograde ejaculation, sometimes cured by
dopamine-agonist therapy, were also reported
[230]. Other clinical symptoms of HPRL are uncom-
mon: reduced body hair in 40% of the cases, gyneco-
mastia in 21%, galactorrhea in 13%.

Indications

Tissue/parameter Hypogonadism Selected indications*

Prostate/sex accessory tissues Stimulatory, but less than DHT Weak or neutral
Libido Stimulatory Stimulatory/neutral
Inhibition of gonadotropins Present Absent/reduced
Hair growth Stimulatory Neutral
Bone growth Stimulatory Stimulatory
Muscle mass/strength Stimulatory Stimulatory
Fat-free mass Increase Increase
Lipids/cardiovascular risk factors Neutral Neutral/beneficial
Blood pressure/fluid retention Neutral Neutral
Erythropoiesis Weakly stimulatory Stimulatory
Liver function (enzyme elevation) Neutral Neutral
Breast (gynecomastia) Neutral Neutral

Table 18.5 Desired profile of activity of new selective androgen receptor modulators (SARMs): male applications.

* Selected indications may include glucocorticoid-induced osteoporosis, androgen replacement in eldery men, HIV-wasting,
cancer cachexia, certain anemias, muscular dystrophies, and male contraception. DHT, dihydrotestosterone.
With permission of Negro-Villar A. J Clin Endocrin Metab 1999;84:3459–3462 [224].

SPS18  8/1/06  11:33 AM  Page 253



254 Chapter 18

Reports on nocturnal erections for HPRL men are
inconsistent. Following recordings for three consec-
utive nights, De Rosa et al. considered that nocturnal
erections were abnormal in every one of 41 patients
with macroadenoma, and in 8/10 patients with 
microadenoma, with respect to a control group of
normal men [231]. Conversely, in six men with PRL
>300ng/mL, Carani et al. found no difference with 
respect to their normal control group as concerns
both the nocturnal erections and the erections 
induced by audiovisual stimulation [232].

Mechanisms of sexual dysfunction 
in hyperprolactinemic men
HPRL impairs the pulsatile release of LH, which re-
sults in a decrease of T secretion. It is often believed
that this is the main cause of ED [233]. In fact it may
not explain every case. Serum T is in the (low) nor-
mal range in nearly half of the ED patients with
marked HPRL (for example in 17 of the 41 patients
with prolactinoma of De Rosa et al. [231], who ob-
served a highly significant inverse relationship be-
tween nocturnal erections and PRL, but not T).
Moreover, during treatment of men with HPRL with
the PRL-lowering agent bromocriptine, sexual im-
provement correlates better with the PRL decrease
than with the T increase [229,231]. Erections can 
return prior to any increase in T.

The other mechanisms may include a decrease in
the 5α-reduction of T into DHT observed in HPRL
men. DHT seems the main metabolite accountable
for the effects of T upon the primate brain centers.
However the main T-independent mechanisms
probably depend on PRL interactions with neuro-
transmitter systems: possibly downregulation of the
brain receptors to dopamine, a neurotransmitter
that stimulates sexual behavior of most animal
species, because PRL increases the synthesis,
turnover and release of central dopamine; interac-
tion of PRL with the opioid and serotoninergic sys-
tems, both involved in the adjustment of sexual
behavior. Studies in rats confirm a central inhibition
of the penile reflexes by experimental HPRL [234].
However two experimental studies in dogs also sug-
gest the possibility of a peripheral effect, with pro-
lactin locally inhibiting the capacity to relax of the
cavernous smooth muscle cells [235] and contract-

ing the corpus cavernosum by a direct effect in the
case of local perfusion [236].

Prevalence and responsibility 
of hyperprolactinemia in 
erectile dysfunction
Prevalence
Routine determinations of serum PRL found HPRL
in 1–5% of ED patients. Compiling the 10 largest se-
ries of literature leads to a prevalence of marked
HPRL (serum PRL >35ng/mL) at 0.62% and of pitu-
itary adenomas at 0.38% of 8707 ED patients [238].
Though low, these figures are higher than the corre-
sponding prevalences found in two studies of unse-
lected Asiatic populations totaling over 13 000 men
(HPRL in respectively 0.17 and 0.29%, and pituitary
tumors in 0.036 and 0.06%) [239,240]. In addition
some ED patients were found to have mild HPRL
(serum PRL 20–35ng/mL), for a 1.5% prevalence
[238].

Responsibility
It is unlikely that such mild HPRLs were the real
cause of ED, since very few cases had a low T level 
or pituitary tumors [238]. However two micro-
adenomas were found in such cases by Johri et al.
[241]. In addition, only 40% of such patients im-
proved as regards their erectile function following
treatment with bromocriptine [18]. This rate ap-
proximates the placebo effect and the 40% success
rate reported with bromocriptine in normopro-
lactinemic ED patients [242]. Conversely
bromocriptine restored normal erectile function 
in eight of 12 ED cases (67%) with serum PRL 
>35ng/ml [18], which suggests a causative effect of
HPRL in this category. Every one of the four other
patients, although still unable to penetrate their
partners after restoration of normal PRL levels, re-
ported improved libido and morning erections. Two
of them subsequently recovered normal erectile
capacity following additional sexual counseling.

The macroprolactin problem
When evaluating the association between HPRL and
sexual dysfunction, it should also be considered that
biologically inactive or biologically inert variants of
PRL may be assayed by immunological assays. It is
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especially the case of the “big” and “big–big” 
PRLs that have high molecular weights [243]. With
immunological assays, excessive secretion of
“macroprolactins” resembles a classical HPRL, while
it has in fact generally no pathological consequence.
Macroprolactinemias account for 10% [244] to 22%
[245] of all HPRLs and are typically observed in 
otherwise normal individuals, mostly women with
normal reproductive function despite high PRL 
levels, but also some ED patients in whom they seem
coincidental [246,247]. Many of these cases suffered
from psychogenic impotence. In such cases serum 
T is usually normal, as are computerized tomography
(CT) scans and magnetic resonance imaging (MRI)
of the hypothalamic–pituitary area. PRL-lowering
agents are ineffective in improving sexual function,
although the PRL level can be normalized. Such a
discrepancy should lead to PRL chromatographic
analysis, or precipitation of the macromolecules
with polyethylene glycol, in a laboratory which spe-
cializes in endocrinology, allowing identification of
the macroprolactin. However a diagnosis of macro-
prolactinemia in an ED patient should preclude nei-
ther MRI testing, since some cases are associated
with pituitary adenomas, nor a trial of a PRL-lower-
ing agent, since a biologic activity of the macropro-
lactin has been demonstrated at least in some
women, including reversal of amenorrhea and infer-
tility on dopamine-agonist therapy [221].

Prevalence of hyperprolactinemia in
other sexual dysfunctions
Routine determination of serum PRL in men consec-
utively seen for hypoactive sexual desire without 
ED (n = 53), anorgasmia/retarded ejaculation 
(n = 74), and premature ejaculation (n = 124)
[210,249] found no HPRL in the two former sexual
dysfunctions. However Schwartz et al. [250] report-
ed on some male HPRLs revealed by isolated hypoac-
tive sexual desire or anorgasmia. In contrast, serum
PRL was mildly elevated (20–35ng/mL) in 13 men
with premature ejaculation (10%). This was not the
cause of sexual dysfunction since bromocriptine
failed in every case to prolong the time to ejacula-
tion. In addition serum T was normal in every 
case and no pituitary adenoma was detected in any
patient.

Diagnosis of hyperprolactinemia in men
with sexual dysfunction
Some precautions are critical to avoid false HPRLs re-
sulting from stress (especially from venepuncture)
and meals. Blood sampling must be performed fast-
ing, following a 20-minute rest in a quiet place. Any
elevated PRL level must be checked again, if possible
following catheter insertion 20 minutes before sam-
pling, and after discontinuation of any drug likely to
increase PRL (Table 18.6). In case of discrepancy be-
tween high serum PRL and a pattern of non-
endocrine sexual dysfunction, the patient may be re-
ferred to an endocrinologist who will decide about
the usefulness of a PRL chromatography. As already
discussed, the responsibility of mild HPRLs (20–
35ng/mL) in sexual dysfunction is questionable. In
this respect, the threshold of significant HPRL is
probably in the region of 35ng/mL or 550µU/mL 
(1ng/mL = 21µU/mL).

Etiologic diagnosis
Drug-induced HPRL is the first etiology to consider. It
is responsible for a significant proportion of HPRLs in
men. Many drugs may increase PRL (Table 18.6).
The most common are antipsychotic agents. Other
medications include antidepressants, some antihy-
pertensive agents, and drugs that increase bowel
motility [251]. HPRL may also be secondary to hy-
pothyroidism, renal insufficiency, cirrhosis, and
chest injury (mild or moderate in all four condi-
tions), and to any process compressing or interrupt-
ing the hypothalamic–pituitary dopaminergic
transmission. This includes many types of hypothal-
amic and pituitary tumors. Primary HPRL results
from a primary defect of the dopaminergic inhibitory
control of PRL secretion. It may be idiopathic, but in
many cases it is associated with PRL-secreting pitu-
itary adenomas. These, as the other types of hypo-
thalamic or pituitary tumors, are likely to result in
tumoral complications (visual disturbances or even
blindness due to compression of the optic chiasma,
and hypopituitarism, which may become life-threat-
ening if decompensated).

Consequently, any man with non-drug-induced
HPRL, confirmed by a repeat PRL determination
after blood sampling in appropriate conditions, must
benefit from morphologic investigations of the 
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hypothalamic–pituitary area (if possible MRI) for de-
tecting a possible tumor. This is especially mandatory
in case of serum PRL >35ng/mL. Bodie et al. [19]
found adenomas in 57% of their patients with PRL
over 50ng/mL. A recent publication reprorted an
unusually high rate of 86% of presumed pituitary
adenomas, according to high resolution MRI, in a se-
ries of 29 men, with serum PRL at least twice over 
15ng/mL. Most of them had ED, and a serum T level
<3.5ng/mL [252]. Also unusual was the fact that half
of these HPRLs were ≤30ng/mL and that all these pi-
tuitary tumors were micro-adenomas (mean diame-
ter 5.3mm). Indeed macro-adenomas are the most
frequent tumors (41 versus 10 micro-adenomas in
the series of De Rosa et al.) [232]. They require a com-
plete assessment of all pituitary functions, generally
carried out by an endocrinologist, in order to detect
possible hypopituitarism resulting from compres-
sion of the pituitary’s stalk, or destruction of the pitu-
itary itself by the tumor. De Rosa et al. [232] found 

10 hypothyroidisms and three hypoadrenalisms of
central origin among 41 ED patients with macro-
prolactinomas.

Routine or selective serum PRL
determination?
According to many authors, the very low prevalence
of significant HPRL can hardly justify routine deter-
mination of PRL in ED patients, due to the frequency
of this condition and the cost of the determination
[234]. Most recommend determination of serum
PRL only in case of low T level, or low sexual desire.
However many ED patients with normal serum T de-
spite marked HPRL have been reported, including
some with pituitary tumors, therefore unlikely to be
macroprolactinemias [230]. In one study, determin-
ing serum PRL only in case of low T would have led to
neglect of six of 12 marked HPRL and three of seven
pituitary tumors [18]. Likewise sexual desire may be
normal, or seem normal to the patient, in ED patients
with HPRL [241]. Buvat et al. [249] found that by re-
stricting the determination to those men with low
sexual desire, gynecomastia, or serum T <4ng/mL
(low and low–normal values), they would have
saved more than half of determinations while over-
looking only one of 10 marked HPRLs, and none of
six pituitary tumors.

There is therefore no consensus with regard to
serum PRL determination in ED patients: should it be
systematic or restricted to men selected according to
clinical (low sexual desire), and/or endocrine (low
serum T) criteria? That first depends on local re-
sources. Measurement of PRL should be performed
in cases of isolated hypoactive sexual desire and 
retarded or absent orgasm.

Treatment of men with sexual
dysfunction and hyperprolactinemia
The literature contains some observations of marked
improvement of sexual dysfunctions associated 
with HPRL following non-specific treatments such 
as psycho- or sex-therapy [250] or, as concerns 
ED, sildenafil [241,253]. However, PRL-lowering
dopamine-agonists (bromocriptine, lisuride, quina-
golide, and cabergolide, the latter one being effective
following a single administration per week) [254]
most often not only normalize all aspects of sexual
function, but also shrink the possible pituitary ade-

Table 18.6 Drugs likely to increase serum prolactin (in
most cases due to their anti-dopaminergic activity).

Opiates
Methadone

Psychotropic drugs
Neuroleptics

Benzamides (+++): Amisulpride, Sulpiride, Sultopride, 
Tiapride

Phenothiazines: Chlorpromazine, Cyamemazin, 
Fluphenazine, Levomepromazine, Perphenazine, 
Pipotiazine, Propericiazin, Thioridazine

Butyrophenones: Droperidol, Haloperidol, 
Pipamperone, Flupentixol, Loxapine, Olanzapine, 
Pimozide, Risperidone, Zuclopenthixol

Tricyclic antidepressants
Amitriptyline, Amoxapine, Chlorimipramine, 

Desipramine, Dosulepine, Doxepin, Imipramine, 
Maprotiline, Trimipramine

Anti-emetics
Metoclopramide (++), Metopimazine

Anti-ulcerous
Cimetidine (only at high dose)

Anti-hypertensives
Reserpinics, α-methy-DOPA

Estrogens
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noma, or at least prevent its growth [18,230]. In
addition, unlike PDE5-I, PRL-lowering agents allow
return of sexual desire, and in the case of ED—
spontaneous erections, and avoid the necessity to
plan sexual intercourse. Therefore dopamine-
agonists should be the first choice treatment. This
therapy may not be definitive. If PRL returns within
the normal range, while there is no macro-adenoma,
it may be stopped every year, or every other year, for
several weeks before determining the PRL level. In
20% of the cases, HPRL does not return after a num-
ber of years [255].

In the case of macro-adenoma, the patient should
be referred both to an endocrinologist and to an oph-
thalmologist for thorough investigation of pituitary
function, possible optic chiasma compression, and
possible indications for its removal. This would pro-
tect the patient against tumoral complications. In
case of micro-adenoma, surgical removal may be
performed via the transphenoidal route, which is less
damaging and may definitely cure both the tumor
and the HPRL [254]. Wolfsberger et al. [256] reported
on such a definitive cure in seven of 11 men with
micro-adenomas. Today, however, medical therapy
is more often chosen as first-line treatment [254].

In some cases, hypogonadism persists despite re-
turn to a normal PRL level, due to definitive inter-
ruption of the hypothalamic–pituitary connections
or destruction of the pituitary gonadotrophs by the
tumor or its surgical removal. Such patients require T
substitution in addition to dopamine-agonist thera-
py. However, T administration may stimulate the
growth of a pituitary tumor through its aromatiza-
tion into estradiol if HPRL is not completely 
controlled by dopamine-agonist therapy, and even,
more exceptionally, if it is so.

Finally, certain patients may need additional sexu-
al counseling or therapy, especially in case of lifelong
sexual dysfunction [234].

Role of other Hormonal Alterations
in Sexual Dysfunctions and 
Men’s Health

Estradiol
Estradiol, the most important biologically active es-
trogen, has important functions in men [257]. One
of the most critical is its role in bone metabolism.

Men with aromatase deficiency or inactive estrogen
receptor α develop severe osteoporosis. Most of the
effects of T on bone depend on its aromatization into
estradiol. Estradiol is also supposed to be the main
active metabolite of T concerning its effects on the
brain, though no significant sexual dysfunction was
observed in men affected by congenital estrogen de-
ficiency [258–260]. However in two men with aro-
matase deficiency, Carani et al. observed a synergistic
effect of estradiol and T on sexual behavior 

In men about 20% of estradiol is formed in the
Leydig cells, and the rest in peripheral tissues, espe-
cially fat cells, from aromatization of androgens—
mainly T but also adrenal androstenedione [1]. As a
result, the estradiol level is higher in men with in-
creased BMI, as well as in diabetic patients, while
aromatization seems decreased by physical exercise
[257]. According to the studies there is no or only a
slight decrease of serum estradiol with age, resulting
in an increase in the estradiol/T ratio. However
serum levels of free estradiol decrease because con-
centrations of SHBG, which binds estradiol, increase
with age.

Animal experiments from Adaikan and co-
workers show that any estrogen increase results in a
reduction of circulating T levels (probably due to in-
hibition of the gonadotropic axis at the hypothalam-
ic level, where estradiol is the active metabolite of T
for its negative feedback action) and that the result-
ing estrogen/T imbalance precipitates ED in both rats
[262] and rabbits [263] by reducing intracavenosal
pressure response to nerve stimulation, reducing
relaxant response to acetylcholine and nitrergic
transmission, and potentiating norepinephrine-
induced anti-erectile contraction of corpora cavernosa
[263]. Trichrome staining highlighted cavernosal
connective tissue hyperplasia in the long-term study
groups [262]. These effects were observed following
both estradiol and phytoestrogen administrations
[263] leading to conjecture about the impact of ex-
posure to environmental estrogens on male sexual
function. One study of ED patients reported a high
prevalence of exposure to pesticides, some of which
have estrogenic or anti-androgenic properties, and
an association between such an exposure and the
severity of ED based on flat nocturnal erectile pattern
was made [264]. Mancini et al. also observed
increased estradiol levels in a small group of ED
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patients with pure veno-occlusive dysfunction com-
pared with patients with other etiologies [265].
More data are however requested to determine if
hypo- or hyperestrogenism may be deleterious for
sexual function in men. Presently there is no need
for routine estradiol determination in male sexual
dysfunctions, unless breast symptoms or signs are
present.

Dehydroepiandrosterone
Biosynthesis of adrenal androgens
Dehydroepiandrosterone (DHEA) is synthesized in
the zona reticularis of the adrenal gland partly in
response to serum levels of the pituitary, adreno-
corticotropic hormone (ACTH). DHEA is 
sulfated in the adrenal gland via the enzyme sulfo-
transferase into DHEA-sulfate (DHEA-S), which is
thought to be the storage form of DHEA. However,
this concept has recently been challenged and thus
so has the idea of DHEA-S reflecting the bioavailabil-
ity of DHEA in the tissues. The current thinking has
been that there is free interconversion between
DHEA and DHEA-S, but recently the reverse conver-
sion of DHEA-S to DHEA has been shown not to
occur, at least in liver cells, although the study 
has been challenged on methodologic grounds
[266,267].

DHEA and DHEA-S production follow an age-de-
pendent pattern: high levels after birth due to in-
creased synthesis by the fetal adrenal gland, a second

surge at the time of adrenarche (between the sixth
and tenth years of life), maximum levels during the
third decade of life, and a gradual decline to about
10–20% of maximum values by the seventh or
eighth decade of life [268,269]. While serum DHEA-
S concentration does not vary throughout the day,
DHEA secretion follows a diurnal pattern similar to
that of cortisol [270,271].

Figure 18.6 depicts the synthesis and metabolism
of DHEA. DHEA itself is synthesized from 17-OH
pregnenolone via conversion by the 17–20 lyase por-
tion of the enzyme P450c17. Subsequently, DHEA is
converted to androstenedione by the enzyme 3β-
hydroxysteroid dehydrogenase (3β-HSD). Finally,
androstenedione is converted to T by the enzyme
17β-OH hydroxysteroid dehydrogenase (17β-HSD),
and subsequently to estrogen by the enzyme aro-
matase [233–235,270–272]. An important require-
ment for DHEA action is the ability of DHEA and
DHEA-S to continuously interconvert, via the en-
zyme sulfotransferase, as only unsulfated DHEA can
undergo downstream conversion to the biochemi-
cally-active hormone testosterone [270,272].

Mechanisms of action
Sex steroid activity
It has been well described that the physiologic effects
of DHEA are related to its peripheral conversion to
the downstream sex steroid hormones, which then
act on nuclear steroid receptors to exert their effects

Cholesterol

Pregnenolone 17-OH Pregnenolone DHEA Androstenediol

Progesterone 17-OH Progesterone Androstenedione Testosterone

Estrone Estradiol

Fig. 18.6 The standard scheme of sex
steroid production. Adapted from
Grumach MM, Conte FA. Disorders of
sex differentiation. In Wilson, Foster,
Kronenberg, Larsen, eds. Williams
Textbook of Endocrinology, 9th edition.
WB Saunders (1998) [218]. DHEA,
dehydroepiandrosterone.
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[270,273,274]. The ability for the conversion of ac-
tive hormones in the peripheral tissues, where the
hormone will be active, is called intracrinology. This
phenomenon has been outlined for sex steroids very
well by the work of Labrie [275,276]. Different 
peripheral tissues are able to selectively make andro-
gens or estrogens. This is possible because of numer-
ous different 17β-hydroxysteroid dehydrogenase
enzymes that are able to selectively control the cor-
rect intracellular concentration of the correct sex
steroid [277].

Non-sex steroid-related activity
The sex steroid activity of DHEA requires it to pene-
trate the cell and become converted to the active
downstream sex steroids. Recently, a putative recep-
tor specific for DHEA has been identified on endothe-
lial cell plasma membranes with which structurally
related steroids failed to compete for binding [278].
These receptors are coupled to eNOS activity through
G proteins, and it has been shown that physiologic
concentrations of DHEA acutely increase NO release
from intact vascular endothelial cells, by a plasma
membrane-initiated mechanism [279].

These effects on the vascular wall may be both ge-
nomic and non-genomic, and both effects are inde-
pendent of other steroid hormone receptors [280].
These findings have possible implications for DHEA
as an anti-atherogenic compound, as DHEA may in-
hibit human vascular smooth muscle cell prolifera-
tion independent of androgen or estrogen receptor
activity [281].

DHEA has also been shown to increase endothelial
proliferation and improve endothelial function in
vitro using endothelial cells, as well as in vivo mea-
sured by flow-mediated dilatation of the brachial
artery, by a mechanism independent of either andro-
gen or estrogen receptor activity [281]. Iwasaki et al.
demonstrated that DHEA and DHEA-S both had pos-
sible anti-inflammatory and immunomodulatory 
effects by inhibiting proinflammatory cytokine-
induced transcription, an effect that neither estradi-
ol nor T could duplicate [282].

Pathophysiology of DHEA deficiency
DHEA deficiency can be seen in several disease
states. Regardless of the etiology, patients with pri-

mary adrenal insufficiency manifest signs and symp-
toms associated with a deficiency or absence of all
adrenal cortical hormones including cortisol, DHEA,
and aldosterone [283,284]. Women with pan-
hypopituitarism have severe androgen deficiency
due to a lack of both ovarian and adrenal androgen
production [248]. Pituitary insufficiency can lead to
a deficit of DHEA as the zona reticularis of the adren-
al gland produces DHEA in response to stimulation
by pituitary ACTH, similar to the stimulation of
DHEA in the Leydig cell by LH [286].

Low DHEA levels have also been described in a 
variety of non-endocrine medical conditions. The
age-related decline in circulating DHEA levels may
correlate with many age-related phenomena such as
diabetes and states of insulin resistance, hyperten-
sion, atherosclerosis, coronary artery disease, de-
creased bone mineral density, cancer, and dementia
[287–291]. Low levels of DHEA have also been 
described in correlation with various conditions 
unrelated to aging, including obesity, depression,
and other mood disorders, eating disorders, autoim-
mune disorders, immune deficiency states, and
chronic stress states [287–289,292,293]. In the
Massachusetts Male Aging Study (MMAS) DHEA-S
was the only hormone which showed a strong (neg-
ative) correlation with the prevalence of ED among
17 investigated hormones, including T and estradiol
[294].

Various drugs can contribute to decreased circulat-
ing levels of DHEA. Exogenous corticosteroids can
decrease adrenal DHEA synthesis via negative feed-
back to the hypothalamus and pituitary gland, de-
creasing corticotropin-releasing hormone (CRH)
and ACTH secretion, respectively. Both adrenolytic
drugs, such as mitotane, and inhibitors of corticos-
teroid synthesis, such as ketoconazole, can reduce
adrenal production of DHEA along with cortisol
[295,296].

More recently, a DHEA deficiency state has been
reported in young, healthy, regularly menstruating
premenopausal women presenting with decreased
libido [297]. The regular menstrual periods support
normal cyclical ovarian function and ovarian testos-
terone production. However, since adrenal DHEA
contributes to almost half of a premenopausal
woman’s circulating androgens, such a deficiency
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can manifest with symptoms of sexual dysfunction.
The clinical manifestations of such a DHEA deficien-
cy become more evident when ovarian function 
is diminished (use of hormonal contraceptives or
ovarian failure), as DHEA is also produced by the
ovaries.

Measurement of DHEA
Measuring DHEA blood levels is generally not rec-
ommended because of variable secretion during the
day and its short terminal half-life of approximately
4.5 hours [298]. DHEA also manifests a circadian
rhythm and varies throughout the menstrual cycle.
The measurement of DHEA-S is preferred over that
of DHEA because of more stable levels in the blood
due to DHEA-S’s longer half-life of approximately 24
hours. The measurement of DHEA-S can be per-
formed at any time during the day as there is no diur-
nal variation, or any time during the menstrual
cycle, as there is no midcycle rise as is seen with an-
drostenedione or testosterone. Two different reliable
and reproducible assays for DHEA-S have been 
performed for many years.

DHEA therapy

DHEA replacement in adrenal insufficiency 
and pan-hypopituitarism
Traditionally, adrenal insufficiency, resulting from
Addison’s disease, has been treated with glucocorti-
coids and mineralocorticoids, while secondary
adrenal insufficiency, resulting from pan-hypopitu-
itarism, has been treated with glucocorticoids alone,
as aldosterone production is regulated separately by
the renin–angiotensin system [298]. However, man-
agement of the adrenal androgen deficiency associ-
ated with both conditions with DHEA replacement is
still not considered to be the standard of care.

It has been shown that despite stable and long-
standing conventional therapy with glucocorticoids
with or without mineralocorticoids, many patients
with adrenal insufficiency display a highly signifi-
cant impairment of health-related quality of life
[299]. Such patients have reported a reduced gener-
al health perception, decreased vitality, increased 
fatigue, reduced physical function, and sexual 
dysfunction [284,299,300].

DHEA replacement in women with adrenal insuf-
ficiency has been shown to have numerous benefi-
cial effects including improved overall well-being,
improved mood, and improved sexual functioning
in the majority of the studies [284,286,298,301].
Conflicting reports have arisen concerning some of
the metabolic effects of DHEA replacement in hy-
poadrenal patients. DHEA replacement has been
shown by some investigators to improve insulin 
sensitivity and lipid profiles [298,302]. However,
other studies did not confirm these effects
[284,286,298,303]. DHEA replacement also has
been shown to have little to no effect on body 
composition, body mass index, or exercise capacity
in patients with adrenal insufficiency [303].

DHEA therapy in healthy aging subjects
The age-related decline in DHEA production has
prompted study of the effects of DHEA administra-
tion in healthy elderly adults. One of the first studies
looking at beneficial effects of DHEA supplementa-
tion in aging subjects found an improved overall
sense of well-being in male and female subjects tak-
ing DHEA compared with placebo, but was based on
rather poor methodology [304]. Several subsequent
studies failed to find any benefit regarding overall
well-being, mood, or cognition with DHEA supple-
mentation [305–308]. The same negative findings
extended to muscle strength and in muscle and fat
cross-sectional areas [309]. Regarding improvement
in sexual function, the effects of DHEA administra-
tion have been conflicting, demonstrating benefits in
women over 70 years old, after more than six
months of chronic administration, but no benefits in
aging men [308,310,311]. The authors of a random-
ized, placebo-controlled trial in 40 ED patients
claimed to have obtained a significant improvement
of erectile function on 50mg DHEA administered for
six months, but objective data establishing this were
lacking [312].

Metabolic effects of DHEA therapy in 
euadrenal subjects
Much controversy exists as to whether or not the
DHEA-deficient state may contribute to a dysregula-
tion of metabolism and hence may be associated
with conditions such as diabetes and states of insulin
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resistance, atherosclerosis, and eventual vascular
complications. Therefore, there has been great inter-
est in studying the metabolic effects of DHEA supple-
mentation in euadrenal subjects. Once again, study
results have been inconsistent and conflicting.

A recent review of the effects of endogenous and
exogenous DHEA on cardiovascular disease risks re-
iterates the inconsistencies regarding the metabolic
effects of DHEA supplementation, discusses the
shortcomings of several studies, and suggests that
the effects of DHEA on cardiovascular disease risk
(either favorable or unfavorable) should be consid-
ered more modest than previously believed [313].

Other proposed uses for DHEA therapy
In addition to theoretical anti-aging effects and 
potentially beneficial metabolic effects of DHEA 
supplementation, the effects of exogenous DHEA
administration have been studied in other condi-
tions. Beneficial effects on mood have been observed
while using DHEA as treatment for depression and
dysthymia [314,315]. DHEA supplementation in
Alzheimer disease has been shown to cause only
minor and transient improvements in cognitive per-
formance [316]. In terms of bone health, the benefi-
cial effects of DHEA supplementation are felt to be
minor and limited to women [314]. DHEA supple-
mentation has been shown to reduce the frequency
of flares, and to decrease steroid dose requirements, 
in women with systemic lupus erythematosus
[314,316]. DHEA has also been studied as a potential
chemopreventive, anticarcinogenic agent [317].
The potential for immunoregulatory effects of DHEA
has been demonstrated by the presence of specific
binding found in murine T cells [318]. Specific bind-
ing of DHEA on muscle cells suggests the possibility
of DHEA therapy in muscular disorders [319].

Availability of DHEA
DHEA had previously been banned by the Food and
Drug Administration (FDA) in the USA until the pas-
sage of the Dietary and Supplemental Health and Ed-
ucation Act of 1994. Since then, it has been available
over-the-counter in pharmacies and health food
stores in most countries, including America. DHEA is
classified as a food supplement and its production
and distribution is not regulated by the FDA or any

other agency. There is no pharmaceutical grade
DHEA product and, therefore, no guaranteed consis-
tency in DHEA content between brands, and even
among different batches of the same brand of DHEA.
As of the time of this writing, newer legislation is
being introduced in an attempt to eliminate this
loophole. The main objection is that estrogens are
produced from DHEA and there are no warnings that
this might not be in the best interest of women who
have had estrogen-receptor positive breast cancer.
Also, if women of reproductive age take DHEA while
pregnant, it does cross the placenta and can poten-
tially harm the reproductive development of the
fetus.

Conclusions
DHEA is one of the most abundant circulating hor-
mones. DHEA has been shown to exert its effects via
downstream conversion to the steroid sex hor-
mones, neuromodulation, improvement in en-
dothelial function, and perhaps by means of action
on a cell membrane-bound receptor. DHEA deficien-
cy has been correlated with various endocrine, 
age-related, and other non-hormonal medical 
conditions. DHEA supplementation has been shown
to be beneficial in patients with primary and sec-
ondary adrenal insufficiency. However, studies look-
ing at the effects of DHEA supplementation on
well-being, metabolism, and sexual function, in eua-
drenal subjects (including premenopausal and post-
menopausal women with androgen insufficiency)
have been inconsistent to date. Further research, in
the form of randomized, blinded, placebo-controlled
studies, is needed to better elucidate the efficacy and
safety of DHEA supplementation for the treatment of
androgen insufficiency in women.

Melatonin
Melatonin is a methoxyindole generated by enzy-
matic conversion of serotonin. It is synthesized and
secreted principally by the pineal gland. Light is able
to suppress or synchronize melatonin production.
This explains the diurnal rhythm of melatonin secre-
tion with a maximum during night time hours
(02:00–04:00h) [320,321]. Melatonin receptors are
present in different organs and involved in multiple
physiologic functions [322]. The primary function of
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melatonin is to convey information concerning the
daily cycle of light and darkness to body physiology.
This information is used for the organization of the
seasonal rythms, as well as of circadian rhythms that
melatonin seems to stabilize and strengthen, espe-
cially as concerns core temperature and sleep–wake
rhythms. The circadian organization of other physio-
logic functions, for instance immune, antioxidative
defenses, hemostasis, and glucose regulation could
also depend on the melatonin signal [320,321].

Melatonin levels gradually decline over the life
span, which may be related to lowered sleep efficacy,
very often associated with advancing age, as well as
to deterioration of many circadian rhythms. This de-
cline has thus been invoked in the aging process.
Melatonin exhibits intracrine and paracrine im-
munomodulatory properties [323] with high levels
promoting, and low levels suppressing, a number of
immune system parameters, while melatonin recep-
tors have been detected in various lymphoid organs
and in lymphocytes [324]. A suppressed immuno-
competence has been implicated in the acceleration
of the aging process. Finally because melatonin is a
potent free radical scavenger, its deficiency may re-
sult in reduced antioxidant protection in the elderly,
which may have significance not only for aging per
se, but also may contribute to the incidence or sever-
ity of some age-related diseases, including cancers,
since an oncostatic action of melatonin was demon-
strated in several types of cancer [324,325].

The best-known effects of melatonin administra-
tion are those on sleep. Exogenous melatonin re-
portedly induces drowsiness and sleep, and may
ameliorate sleep disturbances, including the awak-
enings associated with old age [326]. Existing studies
have been highly heterogeneous but a meta-analysis
of 17 double-blind, placebo-controlled studies, in-
volving 284 subjects, confirmed that melatonin
treatment significantly reduced sleep onset latency,
and increased sleep efficiency and total sleep dura-
tion [326]. These sleep-promoting effects of mela-
tonin are distinctly different from those of common
hypnotics and are not associated with alterations in
sleep architecture [322,326]. They are mediated via
specific melatonin receptors and physiologic doses of
the hormone [322]. Aging reduces responsiveness to
melatonin treatment, and in animals this correlates

with reduced functional potency of melatonin re-
ceptors [322].

Decreased melatonin concentrations were found
in some, but not all, patients suffering from Alzheimer
disease [325]. In vitro studies suggest that the antiox-
idative effects of melatonin may reduce the neurotox-
icity of the amyloid beta, and open trials reported a
beneficial effect of melatonin on sleep and progres-
sion of cognitive impairment in Alzheimer patients
[325]. However a multicenter placebo-controlled trial
failed to prove that melatonin has a clinically signifi-
cant effect on objective measures of sleep in patients
suffering from Alzheimer disease [327].

The preceding meta-analysis implies that exoge-
nous melatonin may have some use in treating in-
somnia, particularly that associated with nocturnal
melatonin deficiency in aged individuals [325] or
with an abnormal pattern of melatonin secretion:
blind people, jetlag (confirmed by a meta-analysis)
[328], with an overall 50% reduction in subjective
assessment of symptoms using 5mg fast-release
melatonin and specific instructions for timing of the
treatment [321], shiftwork, delayed sleep phase syn-
drome, and the elderly [321]. Physiologically rele-
vant doses of 0.5–5mg orally and administration at
bedtime are generally recommended [322]. Howev-
er the optimal dose and time of administration need
further delineation. In addition, although melatonin
treatment seems to be safe because of its very low
toxicity and absence of any significant side effects
[325], no data on long-term follow-up is available.

No effect on sexual function or dysfunction has
been reported. Presently, available data do not allow
us to conclude that melatonin may have a role in ex-
tending normal longevity, or is a “rejuvenating”
agent. However some of its actions may be beneficial
for the aging process, especially its sleep-promoting
effects. More extensive studies are needed to con-
firm whether it may improve the quality of life in old
age. Presently there is no recommendation for 
routine melatonin replacement in the elderly.

Thyroid hormones
The prevalence of hypothyroidism increases with
age due to autoimmune thyroid diseases, and may
reach up to 20% in the elderly. Thyroid hormones
have no known direct role in the control of sexual
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function but hypothyroidism may impede many
vital functions. In addition, by increasing the level of
SHBG, hyperthyroidism decreases the level of FT,
which could impact sexual function.

Few studies have reported on the prevalence of
sexual dysfunction in men presenting with thyroid
dysfunction. Veronelli et al. [329], using the IIEF-5,
found that prevalence and severity of ED were 
significantly higher in men with both hyperthy-
roidism (10/13, 77%, including two severe and two
moderate cases) and hypothyroidism (30/55, 55%,
including four severe and 11 moderate cases), than
in 109 control men of the same age (33/109, 30%, in-
cluding no severe and only three moderate cases). In
48 men with hypo- or hyperthyroidism, Isidori et al.
[330] found ED in 64% and 15%, respectively (asso-
ciated with hypoactive sexual desire and retarded
ejaculation in most of the hypothyroid patients), and
premature ejaculation in 7% and 50%, respectively.
After return to normal levels of serum thyroid hor-
mones for eight to 12 weeks, the prevalence of pre-
mature ejaculation fell from 50 to 15% in the
hyperthyroid patients, while that of retarded ejacula-
tion was reduced by half in those with hypothy-
roidism. The mean ejaculation latency time doubled
in the former and significantly decreased in the latter,
suggesting the possibility of a direct involvement of
thyroid hormones in the physiology of ejaculation. In
38 patients referred for ED and found to be hypothy-
roid, Baskin [331] reported that erectile function re-
turned in “the majority” following thyroid hormone
substitution. Conversely Wortsman et al. [332] did
not observe any sexual improvement following thy-
roxin treatment in a short series of ED patients with
primary hypothyroidism. In conclusion, a majority of
the patients with thyroid dysfunction have some
form of sexual dysfunction, which may improve fol-
lowing normalization of the thyroid hormones.

Some studies have reported on the prevalence of
thyroid dysfunction in men presenting with ED.
Among 600 ED patients preselected (since sent to en-
docrinologists by urologists who suspected an en-
docrine cause), Baskin found hypothyroidism in 6%
[331]. Earle and Stuckey [20] found only two pa-
tients with hypothyroidism in 1455 men consulting
for ED (no benefit of hormone therapy on sexual
function). The prevalence was somewhat higher in

the series of Bodie et al. [19], but the 2240 otherwise
unselected ED patients were all more than 50 years
old (hypothyroidism in 3.9% and hyperthyroidism
in 1%, based on serum TSH values; no indication of
the effects of specific endocrine therapies on sexual
function). In another Italian study of men with ED,
plasma TSH concentrations were significantly lower
in men who also had premature ejaculation, and
premature ejaculation was two-fold more frequent
in men with ED and suppressed plasma TSH, again
suggesting a possible relationship with hyperthy-
roidism [333]. However Waldinger et al. did not find
any relationship between premature ejaculation and
thyroid dysfunction in a cohort of 620 men with pre-
mature ejaculation [334]. In conclusion, although
few objective data is available, the prevalence of thy-
roid dysfunctions does not seem clearly increased in
the patients consulting for sexual dysfunction, and
routine determination of thyroid hormones is not
justified in this population unless symptoms of 
thyroid disease are present.

Growth hormone
It is difficult to distinguish the signs and symptoms of
androgen deficiency from GH deficiency as they are
quite similar [168]. Both androgens and GH decrease
with age, making evaluation of cause and effect diffi-
cult if the cause may be due to a pituitary problem.
Also, GH replacement reverses the same symptoms
as does T-replacement [335]. The biologic effects of
GH and androgens are mutually interdependent and
synergistic [336]. But in boys with micropenis and
GH and T defiiciency, treatment with GH alone 
resulted in a normal penis size [337]. Most biologic
effects of GH are not mediated by itself but by insulin-
like growth factor (IGF)-1 which is synthesized in
the liver cells following stimulation by GH, or locally
in target tissues of GH, and is released into the blood-
stream from there.

In acromegaly—the state of GH excess—sexual dys-
function is noted, but these tumors are large and
there is often extensive destruction of the pituitary
gland, frequently causing hypogonadism and caus-
ing confusion as to the etiology of the symptoms. Hy-
pogonadism may also occur in the 40% of patients
with acromegaly who also hypersecrete prolactin—
another cause of secondary hypogonadism [338].
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Evaluating GH deficiency is also difficult because
the various conditions that may cause it may also
cause T deficiency at the same time. Most cases of
pan-hypopituitarism are caused by destruction of
the gland from a large pituitary adenoma or else by
autoimmune destruction that is also rather devastat-
ing to the entire pituitary gland [339]. Lymphocytic
hypophysitis, once thought to be found exclusively
in women, is now being reported more in men, and
has even been shown to present with ED [340]. Even
metastatic carcinoma to the pituitary gland, al-
though rare, has been reported to cause pituitary de-
struction and present with sexual dysfunction [341].

Little data is available relative to growth hormone
therapy alone for sexual function, but Brill et al. gave
physiologic doses of GH and testosterone to older
men for one month, without no effect on sexual
function and mood whether the GH was given alone
or in combination with testosterone. The lack of re-
sponse might have been due to the short duration of
therapy or due to the fact that the men were not 
severely growth hormone-deficient to begin with
[342]. When GH has been given to GH-deficient men
over a long period of time, a positive effect was noted
on peripheral circulation—needed for sexual func-
tion, and on positive mood [343]. It has to be men-
tioned that during erection a 90% intracavernosal
increase of GH concentrations was observed in a
study of 35 voluntary potent men, and recombinant
human GH elicited dose-dependent relaxation of
human corpus cavernosum strips in vitro [334]. This
relaxant potency of recombinant human GH was ac-
companied by an elevation of the intracellular cGMP
concentrations. A recent study on isolated human
corpus cavernosum strips provided evidence that GH
may influence corpus cavernosum smooth muscle
cells by an NO-independent effect on guanylyl cy-
clase activity [345]. This new data should stimulate
further research in this area.On the other hand, any
good effects have to be balanced against possible side
effects. GH therapy has been shown to possibly in-
duce peripheral edema, arthralgias, carpal tunnel
syndrome, gynecomastia, and mild glucose intoler-
ance. There is also the possibility that patients who
have excess GH may develop abnormal cell prolifer-
ation, as various tumors and cancers have a higher
prevalence in acromegaly [347,348].

In conclusion, except in the rare condition 
of acromegaly, abnormal GH secretion does not 
seem involved in sexual dysfunctions and there is 
no need for routine determination of this hormone
unless other symptoms of this condition are 
present.

Metabolic Diseases and 
Sexual Dysfunctions

Diabetes
Diabetes mellitus is of increasing importance in the
area of sexual dysfunction as the prevalence of dia-
betes has been increasing, related perhaps to the in-
crease in obesity and to intermarriages into families
with this condition.

Epidemiology
In clinics that treat ED, the prevalence of diabetes as
a risk factor has remained similar at 20–25%, irre-
spective of whether the clinic is endocrine-based
[349] or urology-based [350]. The importance of ab-
normalities of glucose metabolism in the relation-
ship with ED may be seen by a closer look at specific
risk factors. One study of risk factors in 154 consecu-
tive consultations for ED revealed the presence of 
diabetes in 22%, glucose intolerance in 12%, and
impaired fasting glucose (FBS of >100mg/dL) in
51% [351].

If we look at the corollary, the prevalence of ED in
patients with diabetes, we will find that in a review
by Braunstein the prevalence of ED in patients with
diabetes was 40%, with a range of 27.5% to 75%
[352]. The Massachusetts Male Aging Study found
that diabetic men were three times more likely to
have ED than non-diabetic men [353]. A large num-
ber of patients were evaluated by Giuliano et al. from
patients who sought medical care for hypertension
and/or diabetes [354]. Of 7689 patients, 3906 had
hypertension alone and ED was present in 67%, ac-
cording to the IIEF-5 and defined as a score of
<21/25, and 2377 men had diabetes alone and ED
was present in 71%. Both diabetes and hypertension
were present in 1186 men, and the prevalence of ED
rose to 77%. The authors also found that 80% of the
men with ED were distressed by it, an important
component of the evaluation. Equally important is
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the fact that in 65% of the men with ED, their condi-
tion had gone untreated.

The largest study of the prevalence of ED in men
with diabetes was undertaken by Fedele et al., who
performed a cross-sectional study of 9868 Italian
men [355]. The patients ranged in age from 20 to 69
years. The overall prevalence of ED was 35.8%, and
increased with age, such that it was 4.6% in men in
their 20s and 45.5% in men older than 60 years. This
study is also important because it showed that there
was an increased prevalence of ED with duration of
diabetes, control of the diabetes, obesity, complica-
tions of diabetes, and cigarette smoking.

Pathophysiology
The main pathophysiologic factors related to ED in
diabetes revolve around the main abnormalities of
the disease—that is, vascular and neuropathic fac-
tors. ED, however, has both psychologic and organic
factors associated with it, and this is also true in dia-
betes. Buvat et al. found that the psychologic factors
were additive to the vascular and neuropathic fac-
tors that are prevalent in diabetes [356]. Veves et al.
studied 110 men with diabetes, and found that psy-
chogenic factors were the only cause for ED in 11%
of patients, the main cause in 24%, and was a minor
part in 17% [357].

Vascular factor
It is well established that decreased circulation is
foremost in diabetes, and the penis is no exception.
Wang et al. found that 87.2% of men with diabetes
had moderate to severe cavernous arterial insuffi-
ciency, as measured by corpus cavernosum duplex
ultrasound [358]. It is interesting that this increased
to 100% if hypertension or alcohol abuse were
added to the risk factors.

Endothelial factor
The endothelium is critical to blood flow and defects
related to it are at the core of the pathophysiologic
causes of ED. Sowers studied the abnormalities in di-
abetic women related to the endothelium and found
an enhanced expression of endothelin-1, decreased
nitric oxide activity, decreased prostacycline release,
increased adhesion molecule expression, increased
platelet adhesion and procoagulant activity, and in-

creased advanced glycosylated end products [359].
This is also true of men, and the importance of the
endothelium was highlighted by the Atherosclerosis
Risk in Communities Study that followed 1675 peo-
ple with diabetes but no coronary disease [360].
They found that endothelial dysfunction was the
main predictor of future cardiovascular disease.
Sáenz de Tejada found that diabetic men had impair-
ment of endothelial-dependent penile mechanisms
[361].

Endothelin
Endothelin is an extremely powerful vasoconstrictor
emanating from the endothelial cell. Sullivan et al.
found an increase in one type on endothelin receptor
sites in rabbits with diabetes [362]. Francavilla found
elevated levels of endothelin-1 in the blood of dia-
betic men, versus a control group [363]. The issue,
however, is not clear, as Christ et al. looked at isolated
corpus cavernosal tissue strips and found no differ-
ence in the response of endothelin on contraction of
smooth muscle in the diabetic versus the non-
diabetic corporeal tissue [364].

Insulin resistance
Adult-onset diabetic patients are by definition in-
sulin resistant. Insulin is a vasodilator and acts via a
nitric oxide-dependent mechanism [365]. Insulin-
mediated dilatation is impaired in states of insulin re-
sistance, such as diabetes and obesity, as a result of
endothelial dysfunction. Metro and Broderick eval-
uated men with type 1 and type 2 diabetes, and
found that insulin dependency increased the severi-
ty of the vascular insufficiency by increasing the in-
sulin resistance [366]. Insulin resistance is increased
from other co-factors in the diabetic patient, such as
obesity and elevated cholesterol, especially small-
particle LDL cholesterol [367]. Recently, impaired
NOS activity has been thought to play an important
role in the insulin resistance of type 2 diabetic indi-
viduals. Kashyap et al. studied NOS activity in skele-
tal muscle of well-controlled type 2 diabetic patients
(A1C = 6.8%) and controls [368]. The basal and in-
sulin-stimulated muscle NOS activity was impaired
in well-controlled type 2 diabetic subjects, and the
defect in insulin-stimulated NOS activity correlated
closely with the severity of the insulin resistance.
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Peripheral and autonomic neuropathy
Neuropathy is equal to vascular insufficiency in 
the pathogenesis of ED in diabetes. This is especially
pertinent because of the nonA-nonB nerve fibers
that are necessary in the penis to produce neuronal
NO for initiation of rigidity. Nijhawan et al. studied
men with type 1 diabetes [369]. They found that
60% had cardiac autonomic neuropathy and 
80% had signs of peripheral neuropathy, but that 
the most common symptom was ED (44%) rather
than postural hypotension (28%). Bemelmans 
et al. found that somatic and autonomic neurologic
testing showed a higher incidence of more severe 
peripheral and autonomic neuropathy in men 
with diabetes who had ED [370]. They also 
found that 85% of the men with diabetes and ED 
had some form of neuropathy, confirming neuropa-
thy as an important pathophysiologic factor in 
diabetic ED.

Hypogonadism
The earlier literature was inconclusive as to whether
diabetes lowered T levels, but this was predominant-
ly using the total T assay. Murray showed that T 
levels were lower in diabetic men when the more ac-
curate FT method was used [371]. He also showed
that T therapy improved the ED, but only in those
men who did not have severe vascular disease. Some
feel that diabetes will lower T more than other
chronic conditions. Guay et al. studied T in a popula-
tion of 990 men with ED, 229 of whom had diabetes
[372]. Other chronic illnesses in the group included
hypertension, coronary artery disease, hyperlipi-
demia, and obesity. No difference was seen in the in-
cidence of primary and secondary hypogonadism in
diabetes versus the rest of the ED population, sug-
gesting that many chronic illnesses may be related to
the development of hypogonadism. In this popula-
tion, 6% of the men had primary hypogonadism and
30% had secondary hypogonadism. The Rancho
Bernardo Study followed 985 men and reported on
110 of the men with diabetes [373]. The incidence of
diabetic men with hypogonadism was 21% whereas
the incidence in a general population was 13%.
Dhindsa et al. found that the prevalence of secondary
hypogonadism in a cohort of men with type 2 dia-
betes was 33% [374].

Hyperglycemia
Hyperglycemia has been noted to affect penile phys-
iology. Sobrevia and Mann, in an extensive review of
the literature, noted that elevated blood sugar may
cause regional hemodynamic changes and that en-
dothelial-dependent relaxation is impaired [375].
Protein kinase C is activated and oxygen radicals are
generated, which inactivate NO and cause injury to
the endothelial cells. Bagg et al. studied poorly con-
trolled diabetic patients [376]. Those patients whose
HbA1C levels decreased from 10.2% to 8.2% noted a
non-significant improvement over the short term in
endothelial activation and fibrinolysis. Christ et al.
found that hyperglycemia induced significant levels
of free oxygen radicals [377]. This result was com-
pletely blocked by removal of the endothelium,
proving that the source of the free radicals was 
abnormal endothelial function. At the clinical level,
Romeo et al. found that elevated HbA1C levels 
were an independent predictor of ED [378]. Previ-
ously, Cartledge et al. had noted that the HbA1C 
molecule itself interfered with NO, by impairment 
of acetylcholine-stimulated smooth muscle relax-
ation, in a dose-dependent fashion [379]. This effect
was reversed by a NO donor and by adding a 
superoxide anion scavenger. The conclusion
reached was that HbA1C-generated superoxide an-
ions decrease the production and bioavailability of
endothelial and neuronal NO, which might help to
explain why ED is worse in men with poor diabetic
control.

Hypertension
The presence of other risk factors will increase the
likelihood and severity of ED in diabetic men. In 
the literature, the prevalence of hypertension in 
diabetes varies from 40% to 60%, depending on the
population studied. Lipson found the prevalence of
hypertension at 68% in African-Americans with di-
abetes, and that it was two to three times that found
in the same population without diabetes [380]. In
men with both hypertension and diabetes he found
the prevalence of sexual dysfunction to be 60% in
African-Americans and 56% in Caucasians. Giu-
liano found the higher prevalence of ED at 77% in
men with both hypertension and diabetes, but 
20 years had passed since Lipson’s report, and the
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techniques for diagnosis of ED have been refined
greatly [354].

Cigarette smoking
Although the incidence of cigarette smoking has de-
creased in certain parts of the world, it still involves a
quarter of the population in the Western world. To-
bacco abuse is an independent risk factor for ED
[381]. Bortolotti et al. studied smoking in type 1 and
2 diabetic men, and found that smoking increased
the already large risk for ED [382]. Correcting for age
and the diabetes, the odds ratio of ED for smokers
was 1.4 versus never smokers and surprisingly simi-
lar at 1.5 for former smokers. The duration of the
smoking and the amount of cigarettes smoked 
increased the risk of ED.

Disorder of collagen metabolism
The decrease in collagen tissue and the increase in
corporeal fibrosis are factors of aging, and these 
effects are exaggerated and occur at an earlier age in
diabetic men [383]. These changes are associated
with an increase in penile venous efflux and early
detumescence. Seftel et al. studied the mechanism 
of these changes in diabetic human corporeal 
tissue and found an upregulation of p53, known 
to be related to tissue hypoxia, and also an up-
regulation of hypoxia-inducible factor-1 alpha
[384]. A clinical correlation is seen in men with 
diabetic nephropathy, especially those undergoing
dialysis.

Treatment
Risk factor modification
Controlling the blood sugar is the essential first step.
Decreasing the blood sugar by itself will correct cer-
tain metabolic abnormalities, but the use of insulin
sensitizers will further increase blood flow by de-
creasing insulin resistance. Then comes the treat-
ment of the related factors, such as hypertension,
obesity, and any diabetic complications. The treat-
ment of diabetic ED should begin with a review of
potential risk factors in the patient, but also in the
partner and the relationship [385]. Egede and Zheng
studied 9496 adults with diabetes and found that the
incidence of modifiable risk factors was higher in the
population with diabetes versus the population

without: hypertension (56% vs. 22%), hyperlipi-
demia (41% vs. 20%), and obesity (78% vs. 57%)
[386]. Beckman et al. in reviewing the literature
from 1976 to 2001, proved the point that modifying
risk factors in diabetes decreased cardiovascular
events [343]. Since the common pathophysiologic
factor between ED and cardiovascular disease is 
endothelial dysfunction, steps that can improve 
endothelial function may also improve both condi-
tions. Cessation of smoking rapidly reverses ED, sug-
gesting that biochemical parameters were being
manipulated rather than a vascular obstruction
[388].

Hypertension is significantly correlated with 
abnormal glucose metabolism and overall risk of 
cardiovascular mortality, so it is important to fully
evaluate the patient [389]. The use of an angiotensin
converting enzyme inhibitor (ACE-I) has been
shown to increase blood flow in diabetics [390].
Other ACE-I, especially ramipril, as well as
aminoguanidine, have been shown to positively af-
fect the endothelial cell in diabetes, by decreasing the
formation of harmful metabolic products in addition
to increasing blood flow [391].

Treatment of the hypogonadism that is often seen
in diabetes may correct many of the symptoms of 
androgen deficiency, and may improve ED, depend-
ing, of course, on how many other medical co-factors
there are. Boyanov et al. treated hypogonadism in di-
abetic men with T undecanoate, 120mg per day for
three months [392]. The androgen replacement had
a positive effect on visceral obesity, with a significant
reduction in body weight, waist–hip ratio, and body
fat. It significantly improved metabolic control, by
decreasing blood glucose levels as mean as HbA1C
levels from 10.4% to 8.6%. There was a reversal in
the symptoms of androgen deficiency, including ED.

Phosphodiesterase inhibitors, type 5
The introduction of PDE5i agents in 1998 changed
the treatment of ED for everyone, including men
with diabetes. These drugs decrease the breakdown
of cyclic GMP to GMP, thereby increasing the levels
of the former to continue the action of vasodilata-
tion. The cyclic GMP is produced from NO, which is
turn is produced from the endothelium (eNO) and
from the nonA-nonC nerve fibers (nNO). Diabetic
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men often have clinical or subclinical neuropathy
and their production of nNO will be decreased. This
is why the results of the PDE5i are not as positive in
men with diabetes than with other risk factors for
ED, such as hypertension alone, or hyperlipidemia.
According to Costabile, no one PDE5i is more benefi-
cial in diabetes than any other, although no head-to-
head trials have been done to date in this population
[393]. Rendell et al. showed good results with silde-
nafil versus placebo in men with diabetes, but not as
good as the pivotal trials in a general population
[394].

Sildenafil was found to be more efficacious in men
whose diabetes was under better glycemic control. In
a study the men with diabetes had a 64% success rate
when their HbA1C levels were < 9.0%, and of 44%
when the HbA1C was >9.0% [70]. Additionally,
neuropathy, in diabetic men with good sugar con-
trol, also reduced the success rate to 50%.

Goldstein et al. studied 452 men with diabetes who
took vardenafil for ED [395]. Patients with diabetic
neuropathy and retinopathy were included in the
study, but previous sildenafil failures were excluded.
Although not quite as good as in their pivotal studies,
64% of the men were able to penetrate their part-
ners, and 54% to complete intercourse versus 36%
and 23%, respectively, for the placebo group. Sáenz
de Tejada et al. evaluated the effect of tadalafil in 191
men with diabetes and ED, mainly moderate to se-
vere, and including men with neuropathy and
retinopathy [396]. Here also the results fell short of
the pivotal trials for tadalafil in a general population,
but were significantly higher than placebo. Their re-
sults were reported as percentage improvement over
baseline, such that the ability to penetrate intravagi-
nally increased 22.6% versus 4% for placebo. Fonse-
ca et al. pooled several trials using tadalafil in diabetic
men, for a total of 637 men with diabetes versus 1681
men without diabetes [397]. The baseline IIEF erec-
tile function domain scores showed that the diabetic
men had more severe ED—12.6 for the diabetic men
and 15.0 for the non-diabetic men. The men who re-
ceived tadalafil had a mean improvement of their
IIEF score of 7.4 versus 0.9 for the placebo group. It is
also interesting that the baseline IIEF scores cor-
related inversely with the HbA1C levels, showing
that control of the diabetes correlates with the sever-

ity of the ED. It is also interesting that the responses
to tadalafil were similar regardless of levels of base-
line glycemic control, diabetic therapy received, or
previous use of sildenafil.

Other treatments
Other therapies of ED and sexual dysfunctions in
men with diabetes may be administered per the indi-
cations and guidelines of the use of such therapies.
These may include intraurethral alprostadil, penile
self-injection therapy, vacuum constriction devices,
and penile prosthesis. Self-injection therapy is the
most often used second-line treatment in this diffi-
cult-to-treat population, all the more that it is better
accepted by the patients who are already familiarized
with self-injections of insulin. In men with hypogo-
nadism, T therapy may be indicated as a monothera-
py or in combination with other ED therapies.

Metabolic syndrome
The metabolic syndrome comprises a group of risk
factors that consist of endothelial dysfunction and
atherosclerosis, which can lead to cardiovascular dis-
ease [398]. Although the definition of the various
components of the metabolic syndrome has varied
somewhat, there is now good consensus using the
NCEP/ATP-III criteria [399]. The criteria are:
1 Triglyceride level >150mg/dL
2 HDL cholesterol <40mg/dL
3 Blood pressure >130/85
4 Fasting blood sugar >100mg/dL
5 Waist circumference >40 inches (102cm) in men,
or BMI > 28.8
Any three of the five factors comprises an individual
with the metabolic syndrome. These risk factors for
cardiovascular disease are the same risks associated
with ED [400,401], and this has been verified by a
most recent consensus conference [402]. It was rec-
ognized that endothelial dysfunction is a common
link between ED and cardiovascular disease. En-
dothelial dysfunction is predictive of future cardio-
vascular events, and is an integral part of the
component risk factors inherent in the metabolic
syndrome [403].

Roumeguere et al. outlined the relationship be-
tween ED and various components of cardiovascular
risk [404]. We know that the various components of
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metabolic syndrome, such as blood pressure eleva-
tion, hyperlipidemia, obesity, and/or elevated blood
sugar take time to extract its metabolic toll on the
body. Montorsi et al. documented that ED symptoms
were present several years before manifest coronary
disease [405]. This was predicted a number of years
before when Pritzker performed cardiac stress tests
on 50 men with ED, but no history or symptoms of
heart disease, and was surprised to find that 56% of
the men failed the stress test because of silent is-
chemia [406]. He postulated that ED might be the
early factor that could predict heart disease, and that
pursuing this vigorously might enable physicians to
practice primary cardiac prevention.

There is a high percentage of men with cardiovas-
cular risks in clinics that treat ED, and the prevalence
of the two most important risk factors, diabetes mel-
litus and hypertension, is amazingly similar whether
the number is 150 in a single clinic [407] or several
hundred thousand men from managed care 
statistics [408].

Although opinions have been mixed, there seems
to be more data that indicates a certain relationship
between T and the metabolic syndrome. The TT
assay is the one most commonly used in clinical prac-
tice and the level is significantly affected by SHBG.
Laaksonen et al. followed 702 middle-aged men par-
ticipating in a population-based cohort study [409].
After 11 years 147 men developed the metabolic
syndrome and 57 men developed diabetes. Men
with TT, calculated FT, and SHBG levels in the lower
fourth had a several-fold increased risk of developing
the metabolic syndrome and diabetes. This has been
confirmed in a recent analysis of the MMAS data
[129]. The conclusion was that hypogonadism was
an early marker for insulin and glucose metabolism.
Kalme et al. confirmed the known fact that increased
insulin downregulates SHBG production, which in
turn decreases total T levels [410]. They followed
1711 men longitudinally. They found that low SHBG
and IGF-binding protein-1 were both associated
with an increased prevalence of abnormal glucose
tolerance and the metabolic syndrome, and that
SHBG alone was a better indicator of increased car-
diovascular mortality. All of these factors, of course,
are related to risks of ED. Conversely, Muller et al.
have shown that higher T and SHBG levels in aging

men are independently associated with a higher in-
sulin sensitivity and a reduced risk of the metabolic
syndrome [411]. Their findings were independent of
BMI and insulin levels, suggesting that androgens
may protect against the development of the meta-
bolic syndrome.

Few studies have looked at the incidence of the
metabolic syndrome in an ED population, by looking
at the specific NCEP/ATPIII criteria themselves.
Bansal et al. evaluated the specific criteria in 154 con-
secutive consultations for ED [412]. Three of the five
criteria for metabolic syndrome were present in 43%
of the men with ED, as compared to a reported 24%
in a general and similar population that is predomi-
nantly Caucasian. It is also interesting that metabolic
syndrome correlated positively and moderately with
increasing severity of ED. Looking at the converse,
Esposito et al. looked at the prevalence of ED in men
with the metabolic syndrome [413]. They evaluated
100 men with metabolic syndrome and an age and
BMI matched control group. They found an in-
creased prevalence of erectile dysfunction of 26.7%
in the group with metabolic syndrome versus 13% in
the control group. They also showed that the preva-
lence of ED increased as did the number of com-
ponents of the metabolic syndrome. This is not
surprising as the pathophysiologic common denom-
inator for metabolic syndrome, ED, and cardio-
vascular disease is endothelial dysfunction [414].
Shabsigh et al. looked at ED as a predictor for the
metabolic syndrome in a longitudinal study in an
aging male population [415]. The longitudinal
analysis of the MMAS data has shown that ED is pre-
dictive of incident metabolic syndrome, but that this
association is modified by BMI. ED is associated with
a two-fold increase in risk of metabolic syndrome in
men with BMI <25, but not > 25.

Obesity
The prevalence of obesity is ever increasing, especial-
ly in developed countries. Increased weight (BMI
25.0–29.9) and obesity (BMI ≥30.0 ) are seen as risk
factors in as many as 85% of men with ED [416]. This
is quite pertinent to ED because the insulin resis-
tance that accompanies excess weight is a cause of
decreased blood flow [417]. The observation that in-
sulin receptor numbers can be restored to normal if
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insulin levels are decreased in obese patients sug-
gests that the changes in receptor numbers are sec-
ondary to the insulin resistance, and not a primary
causal factor [418].

Elevated weight and obesity are now considered as
independent and direct risks of heart disease [419],
and not just because increased weight causes a high-
er prevalence of other known risks of heart disease,
such as diabetes mellitus, hypertension, and hyper-
lipidemia. Suwaidi et al. showed decreased endothe-
lial-related blood flow, which directly correlated
with increasing weight [420]. The authors felt that
the progressive decrease in endothelial function
with increasing weight was related to insulin resis-
tance. It is commonly held that the common patho-
physiologic factor in the majority of risk factors for
ED is endothelial dysfunction and it is also felt that
insulin resistance, which is related to decreased
blood flow, also has its basis in endothelial dysfunc-
tion [421].

It is not surprising, therefore, that the overweight
state and frank obesity are important components in
the pathophysiology of ED, as well as in the patho-
physiology of cardiovascular disease. The treatment
of excess weight may also be considered an impor-
tant part of the treatment of ED, via the treatment
modality of modification of risk factors. This has
been confirmed by the randomized study of 110
obese men without any other metabolic disorder or
vascular risk factor by Esposito et al. [422]. At two
years’ follow-up, the 55 men in the intensive inter-
vention group (diet plus increased physical activity)
had lost weight, improved their markers of inflam-
mation and endothelial dysfunction, and improved
their mean IIEF score from 13.9 to 17.0; while in the
“control” group the mean score remained stable at
around 13.5. Seventeen men in the intervention
group, compared with only three controls, scored 22
or higher on the IIEF at follow-up.
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The aim of this section is to offer to health care
providers a constructive, easy to use, practical 
approach to address female sexual disorders (FSD),
in a timely and effective manner.

Sexual issues are increasingly raised in the clinical
setting. They may be discussed in a number of con-
texts, including obtaining background information
about sexual function and sexual health, addressing
possible consequences of illness, injury, procedures
and/or medications or responding to a patient pre-
senting with a sexual problem or question [1].

Public and health care agencies’ awareness on the
importance of sexuality as a core part of the quality of
life of every human being increases the need for ap-
propriate knowledge and training in this rapidly-
growing field. The ultimate goal is to fulfill patients’
expectations of a comprehensive understanding and
treatment of the individual or couple’s sexual
concerns [2].

To help the reader, who is busy updating the do-
mains of his/her specialty, a focused attention has
been devoted to the critical questions that will help
clinicians to optimize sexual history taking so that
key biologic, psychosexual and contextual factors
will be rapidly elicited and recorded.

The stress given to the importance of an accurate
physical examination in any FSD complaint is needed
in the clinical diagnosis of FSD [2,3]. For decades the
prominent focus on psychosexual and relational is-
sues has deprived women of the right to have a thor-
ough medical evaluation of their sexual concerns.
The appropriate evaluation of potential endocrino-
logic [4–7], vascular [8,9], dismetabolic [10], neuro-
logic [11], neuroimmunologic [12] or iatrogenic
factors [13–16], in addition to the neglected role of
pelvic floor dysfunctions in contributing to and
maintaining FSD [3,14,15], is essential to avoid both a
systematic medical omission and a still persistent
gender bias.

The past neglect of the biologic basis of FSD is
demonstrated by the lack of objective research and

clinical delay in the medical treatment of women’s
sexual complaints, in comparison to men.

For both genders, the challenge sexual medicine is
facing today is the same: to blend together a “medi-
cine without soul,” which pays little attention to the
emotions, concerns and affective dynamics associat-
ed with medical illnesses, and a “psychology without
body,” which still under appreciates the neurobiolog-
ic basis of any feeling, memory, emotion or thought.

The over-focus on the medical perspective in men
and on the psychosexual/relational perspective in
women is to be resolved in a balanced and integrated
view aimed at a comprehensive approach for both
genders. This is the ultimate goal of this book, and of
this FSD section in particular.

Contemporary sexual medicine is focusing on this
goal, with a refreshed attention to couple dynamics
as well [1,7,17]. Every chapter on FSD is therefore
aimed at maintaining this integrated perspective.
This is why male factors and couple dynamics in-
volved in FSD will be analyzed and discussed when
indicated, to help the health care provider in build-
ing a structured diagnostic approach to each disorder
[1,3,4–7,13–17].

Special effort has been given to maintain a limited
length in each FSD chapter, to help the busy clini-
cian, to distil the most relevant information in the
shortest time.

A chapter on the iatrogenic and post-traumatic
factors involved in FSD has been included to open a
window on another critical and growing territory in
the medical evaluation of women’s sexual concerns
[3,13–16].

Finally, as menopause is a key turning point in
women’s and couple’s sexuality, a detailed chapter
aimed at summarizing the current knowledge on the
controversial arena of hormonal treatment has been
included [17–20], as virtually every clinician may be
asked to comment on risks, side-effects or con-
traindications of hormonal treatment, when pre-
scribed to improve a sexual disorder.
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This chapter summarizes the anatomy and physiolo-
gy of women’s sexual response with a clinical 
perspective. The neurobiology of sexual function in
women will be only briefly mentioned for concise-
ness. More attention will instead be given to the
anatomy and physiology of the external genitalia
and female organs, which will be summarized focus-
ing on what clinicians should consider when exam-
ining the patient complaining of female sexual
disorders (FSD).

The Sexual Brain

The limbic system and the neocortex
A normal sexual response requires the anatomic and
functional integrity of the brain’s entire limbic 
system, rather than a particular anatomic structure
within it [1]. The limbic system is part of the so-called
“paleo-cortex”: a comprehensive network involving
the hypothalamus and the thalamus (both within
the diencephalon), the anterior cingulate gyrus, and
many structures of the temporal lobes, including the
amygdala, the mammillary bodies, the fornix, and
the hippocampus, a phylogenetically ancient type of
cortex [1–4].

Together with the prefrontal lobe, which has a pre-
dominantly inhibitory role over the basic instinctual
drives, the limbic system is essential in both sexes for
the initiation of sexual desire and related sexual 
phenomena [1,5–7]. Its function activates sexual
fantasies, sexual daydreams, erotic dreams, mental
sexual arousal, and the initiation of the cascade of
neurovascular events triggering all the somatic and
genital responses of sexual function as well as the 

associated socially appropriate behaviors [7–9]. It is
thought that the amygdala maintains a key role as
the control center for the four “basic emotional com-
mand systems” described by Panksepp: the seeking
appetitive/lust system, the anger/rage, the fear/
anxiety, and the panic/separation distress system
[5]. All these systems may interact to modulate the
final perception of sexual desire and central arousal
and correlated sexual behaviors. The disruption of
any level of the limbic system may cause sexual dys-
function in both sexes, particularly in the domains of
desire, central arousal, and socially appropriate sex-
ual behavior [1,5,9–11].

The neocortex is increasingly involved in the sex-
ual response in human, first as final target of sensory
inputs which arrive from the different sensory or-
gans. Different smells, tastes, words, sights, or touch
stimuli may activate both the pertinent sensory cor-
tex and the limbic sexual cortex when the signal is
“coded” as sexual. Cognitive factors are also in play
in evaluating the sexual stimulus and modulate the
“judgment” of concomitant risks and wishes before
engaging, or not, in a specific sexual behavior
[1,10,12].

Neurotransmitters
In men and women, the sexual response is coordi-
nated by the same neurotransmitters, with the most
studied being monoamines (dopamine, norepineph-
rine, and serotonin), neuropeptides (opioid pep-
tides), neurohormones (oxytocin and vasopressin)
and neurotrophins (including the nerve growth
factor, NGF, which increases in the brain and periph-
eral blood when people fall in love) [1,6,7,9,13].

CHAPTER 19

Anatomy and Physiology of Women’s
Sexual Function
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Regional and quantitative differences in neurotrans-
mitter activities reflect brain sexual dimorphism that
is modulated by prenatal and postnatal endocrine 
milieus and their interactions with environmental
factors [1,5,6,14].

Sexual dimorphisms
Many aspects of adult sexual life, both functional
and dysfunctional, can claim their origins in the very
earliest steps of “sexual dimorphism” [1,5,6,9,14].
The gene sequences of chromosomes have two func-
tions: the ability to replicate, termed the “template”
function, and the expression of genes, called “tran-
scription.” The process of activating and expressing
genes results in the genotype becoming the pheno-
type; that is, the transformation of the potential, vir-
tual DNA code into actual, functional tissue [1,5].
Interestingly, the “default” phenotypic expression
for the human organism, including its brain, is 
female [1]. Unless a specific substance called testis-
determining factor (TDF) is expressed by a short se-
quence of genes on the Y-chromosome during the
maturation process of the fetus, every baby born
would have a female brain and body structure [1,9].

The neurons of men and women share all the basic
anatomic and functional characteristics. Similarly,
neurotransmitters, neurohormones, neuropeptides,
and neurotrophins have exactly the same structure
and roles in both men and women, with some quan-
titative differences as well as some variability in re-
gional distribution [1,5–7,9,14]. Even the potential
for neuroplasticity—the ability to increase and mod-
ulate connections among neurons through neuronal
sprouting and the creation of dendritic spines, and
the morphologic correlate of psychoplasticity—is
shared equally in both genders. It appears, then, that
the major neurologic differences between men and
women lie mainly in their respective degrees of brain
dimorphism; that is, in the differences caused by the
action of testosterone on the brain. Quite interest-
ingly, many of the central nervous system effects of
testosterone are mediated by estrogen, as a result of
the aromatization of testosterone by the enzyme
aromatase [1,5,6].

Sexually dimorphic variations in overall brain
weight (which is higher, on average, in men) do not
appear to be of importance in human sexuality.

Quality of brain functioning, sexual and non-sexual,
depends on the complex pattern of connections 
between cells, their continuous plasticity, and the 
intensity by which they are stimulated through af-
fective events, educational level, and environmental
challenges (8–10).

Clinical relevance of brain dimorphism
Hemispheric asymmetry and brain dimorphism
have manifest implications in male and female sexu-
al function. For example, the most important sexual
cues in women for increasing mental arousal—as
well as the mental awareness of that arousal—typi-
cally involve verbal intimacy, such as having her
partner’s receptive and attentive ear, or having affec-
tionate or erotic words spoken to her. Men, on the
other hand, rely much more strongly on visual stim-
ulation, either in reality or fantasy, for mental and
genital arousal. Much disappointment and frustra-
tion results when these two primary sexual cues are
polarized in a couple; the consequent mental dissat-
isfaction may then potentially contribute to sexual
dysfunction and even to sexual avoidance [9,12,15].

Another main neuroanatomic difference between
men and women lies in the medial preoptic area of
the hypothalamus, the key center of the autonomic
nervous system in both sexes [1,6]. Located within
this region is a set of nuclei known as the interstitial
nuclei of the anterior hypothalamus (INAH) that 
express their products in a “tonic” or relatively con-
tinuous secretory state in men, while they exhibit a
“cyclic” pattern of secretion in fertile, ovulating
women. This variability has many important conse-
quences on brain function and sexual behavior as
well as many other somatic effects. Notably, while
the hypothalamic hormone oxytocin is the primary
peptide in female sexual circuitry, the male sexual
cycle is most represented by vasopressin [1,6,7,9].

“Need detectors” located within the hypothala-
mus are responsible for the activation of the four
“basic emotional command systems” of the brain:
seeking, rage, fear, and panic [1,5]. These hypothala-
mic detectors are typically switched on and off by dif-
ferent hypothalamic regions. Prefrontal connections
also influence the hypothalamic detectors, typically
to inhibit the basic drives [1,4,5,10,11]. Many addi-
tional cognitive and perceptual inputs and cues serve
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to regulate the basic emotional command systems, 
as well.

The hypothalamic dimorphisms correlates with
gender-related reproductive and sexual behaviors.
For example, male sexual behavior is typically stable
over the entire adult male life span; this may poten-
tially be explained by a typical male’s lifelong produc-
tion of testosterone at a relatively tonic, constant rate
(notwithstanding the gradual decrease in serum lev-
els that has been described from the second decade of
life onwards). In contrast, the physiology of female
sexuality is highly discontinuous, both during the
regular menstrual cycle, as well as during major 
reproductive life events such as pregnancy, puer-
perium, abortion, and menopause [9,15,16–18].

Interestingly, it has also been shown that while re-
ceptivity to pheromones remains relatively stable
over life in men, there is a peak in pheromone recep-
tivity during ovulation in women, as well as an over-
all greater level of odor discrimination ability during
the years of fertility. After menopause, odor discrim-
ination ability in women decreases significantly 
and much resembles physiologic male levels [19].
Pheromones may be responsible for mediating inter-
actions in the mid-cycle variations observed in
women, which may in turn be triggered by the ovu-
latory androgen peak, promoting the atresia of non-
dominant follicles in the ovary as well as a mental
and physical peak in sexual desire, arousability and
receptivity [20]. The biologic ramification of these
relationships is to increase female sexual responsive-
ness when the likelihood of conception is at its high-
est. Human pheromones and their role in sexual
attraction and reproduction have been recently re-
viewed [20].

Central nervous system dimorphisms may well
represent the biologic basis for the differences in sex-
ual desire, perception, and expression experienced
by men and women, including the disparities in the
frequency, content, and intensity of erotic fantasies,
nocturnal erotic dreams, and sexual daydreams; the
perception of central arousal; the quality and quan-
tity of expression of the sexual response, and the
likelihood and emotional resonance of orgasm
[1,6–9,12,15–18,21–27].

A more dynamic understanding of the continuous
interactions between the somatic body and the psy-

chic mind and how these processes differ between
men and women, will help to clarify the similarities
that are neglected by the polarized focus on 
contextual factors in women and on biologic factors
in men.

Neural pathways
At the level of the spine, the neural pathways of sym-
pathetic and parasympathetic sexual responses in
both genders follow the same anatomic distributions
until their termination in different male and female
target sexual organs [1–3,9,28]. These pathways in-
volve the superior hypogastric plexus, the middle
hypogastric plexus (which gives rise to the hypogas-
tric nerves joining the testicular or ovarian plexus),
the ureteric plexus, the internal iliac arterial plexus,
the inferior hypogastric plexus (which receives
mostly sympathetic afferent and efferent fibers from
the hypogastric nerves, the postganglionic sympa-
thetic fibers derived from the sacral splanchnic
nerves, and the parasympathetic fibers derived from
pelvic splanchnic nerves—the nervi erigentes in both
sexes—that have their cell bodies in the S2, S3, and
S4 segments of the spinal cord) [2,9,28].

The uterovaginal plexus is simply the terminal
ramifications of the lower part of the inferior hy-
pogastric plexus. In women, the uterovaginal plexus
supplies the uterus, salpinges, ovaries, vagina, erec-
tile tissue of the clitoris and vestibular bulbs (via 
the cavernous nerves of the clitoris), urethra, and
greater vestibular glands [2,28].

In both genders, the perineum receives its primary
somatic innervation from the pudendal nerve (de-
rived from S2, S3, and S4) and its sympathetic inner-
vation from the sacral portion of the sympathetic
chain [2,28,30–32]. The anatomic pathway of the
pudendal nerve is very similar in both men and
women, forming a single trunk that runs approxi-
mately 1cm posterior to the ischial spine through the
greater sciatic foramen inferior to the piriformis
muscle. It then re-enters the pelvic cavity through
the lesser sciatic foramen and proceeds anteriorly
through Alcock’s canal, passing posterior to the junc-
tion between the ischial spine and sacrospinous liga-
ment and anterior to the sacrotuberous ligament and
medial to the internal pudendal vessels. At this point,
the pudendal nerve branches into its three main
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pathways: the inferior hemorrhoidal nerve, the per-
ineal nerve, and the dorsal nerve of the clitoris in
women, or penis in men.

These similarities in neural pathways have impor-
tant implications for oncologic surgeries, in which
the sparing of the vesical nerve plexus fibers that 
accompany the vesical artery to the bladder may 
significantly reduce sexual and urinary morbidity in
both men and women [9].

They may as well help explain the equal risks of
numbness, reduced sensibility, and arousal difficul-
ties of the external genitalia secondary to compres-
sion of the pudendal nerve, experienced by both
men and women who ride bicycles for long periods
of time without adequate protection or frequent
position changes [29].

Finally, knowledge of similarities and differences
between male and female basic anatomic structures
and neurologic pathways may contribute to a paral-
lel thinking of the pathophysiology of male and fe-
male sexual disorders, which could be useful in the
clinical practice [2,9,28,30–32].

The External Female Genitalia

Accurate examination of the female external and 
internal genitalia is often disregarded in the sexual
consultation, particularly when sexual disorders are
complained of. On the contrary, the physical exami-
nation can be extremely informative not only on the
close interaction between biologic and psychosexual
factors, but also on the variety of critical information
that a clinician can obtain.

The following paragraphs will therefore discuss
the anatomy and physiology of women’s genitalia
with, a clinical perspective: what physicians should
look for to complete their diagnosis on the reported
female sexual disorder.

The vulva includes mons pubis, clitoris and labia
majora and minora, which are the structures that are
surrounding the urogenital cleft (the external geni-
tals) [2,28].

The mons pubis is the hair-covered area over the
pubis bone and forms the anterosuperior limit of the
urogenital cleft with the labia majora on both sides,
and ends posteriorly at the anterior margin of the
perineal body.

Clinical relevance
1 A “male” hair distribution, towards the umbilicus,
may suggest an excess of ovarian or adrenal produc-
tion of androgens. It may be associated with acne,
hypertrichosis (when excess hair maintain a female
distribution) or hirsutism (when excess hair has a
male distribution). These changes may be associated
with body image concerns which may contribute to a
feeling of sexual inadequacy, contributing to sexual
disorders [15].
2 Loss of pubic hair may anticipate the menopausal
changes; it may be perceived as a sign of inadequate
sexual aging and may be associated with vulvar dys-
trophy, loss of sexual desire and/or of genital arousal
[33].
The labia majora are the two prominent lateral
fatty folds of the urogenital cleft. They meet anteri-
orly, creating the anterior commissure in front of 
the glans of the clitoris, and posteriorly, forming 
the posterior commissure. The internal surface has 
multiple sebaceous follicles, which keep the surface
lubricated.

The labia minora are smaller, composed of sup-
ple elastic skin without subcutaneous fat, but rich in
sebaceous glands. Anteriorly they form the clitoral
prepuce and clitoral frenulum.

The clitoris and the vestibular bulbs form the
erectile apparatus of the vulva. The clitoris is a 7–
13cm cylindric structure composed of glans clitoris,
corpus clitoris (which is comprised of the paired cor-
pora), and the crura, the deep extensions of the cor-
pora, which diverge under the pubic arch [2,28,34].
The microscopic anatomy of the clitoris is consistent
among different subjects. It consists of cavernous 
tissue with trabecular smooth muscle and collagen
connective tissue [34,35], encircled by a thin fibrous
capsule surrounded by large nerve trunks [36]. The
vestibular bulbs are paired organs of erectile tissue
structure located directly beneath the skin of the
labia minora.

The vulvar vestibule includes the vulvar area
comprised between the inferior part of the clitoris,
the medial part of labia minora, and the fourchette.
The central part includes the external side of the
hymen, which marks the limit between the vagina,
which has a mullerian origin, and the introitus,
which has a cloacal origin.
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Clinical relevance
1 The shape of external genitalia and clitoral dimen-
sion can vary, until the frank anomaly of the inter-
sexual states that may contribute to sexual identity
problems and body image concerns [37].
2 Clitoromegaly may be spontaneous or iatrogenic,
as consequence of topical and/or systemic treatment
with androgens, or with corticosteroids with andro-
genic activity. It may be associated with a number of
clinical conditions, which include the above, plus
avoidance of physical contact if the bigger size is per-
ceived as a marker of pathology. When associated
with spontaneous or iatrogenic hyperandrogenism,
clitoromegaly may be associated with unwanted ex-
cess of genital arousal. Persistent, unwanted, intru-
sive congestion of the clitoris, not associated with
increase of sexual desire, may be the objective corre-
late of the persistent sexual arousal disorder (PSAD)
recently described (see Chapter 23) [38].

Priapism of the clitoris, when the glands and the
shaft are engorged and painful, is a rare condition
which should be considered in women complain-
ing of “clitoralgia” [9]. Priapism may cause or be 
associated with pain in the clitoris in non-sexual
conditions (i.e. it is spontaneous) and/or it can 
be provoked or worsened when the woman is
aroused [9].
3 Atrophy of the clitoris is often associated with
lichen sclerosus, an autoimmune pathology charac-
terized by progressive involution of the external 
genitalia and of the corpora cavernosa [39]. In this
condition, the labia minora may disappear and be
conglutinated in a unique tissue involution (Fig.
19.1). The vulvar skin becomes thin, pale or white,
with loss or the normal papillae, and/or with area of
pathologic keratinization (“leukoplakia”) [33].

Mistakenly considered as an “aging” condition,
lichen sclerosus may be present in children, adoles-
cents and young women as well (Fig. 19.2). It may be
associated with lifelong or acquired genital arousal
difficulties, orgasmic difficulties or anorgasmia, 
introital dyspareunia, and acquired loss of sexual 
desire. A disabling vulvar itching is another key
symptom associated with vulvar dystrophy.

Attention to the trophism of the external genitalia
is mandatory in all women complaining of acquired
genital arousal disorders and/or acquired introital

dyspareunia, particularly in the postmenopausal
years (Fig. 19.3) [33].
4 The skin of the labia minora is covered by 
regularly distributed, soft micropapillae. Irregularly
distributed papillae, with harder consistency, are
suggestive of papillomavirus (HPV) infections
(condylomata). Physiologic papillae should be dif-
ferentiated from condylomata [40]. This sexually
transmitted disease requires topically invasive 
physical and/or pharmacologic treatment and may
be associated with acquired sexual dysfunctions
(vulvodynia contributing to acquired dyspareunia).
5 Retracting scars from episiotomy/rraphy [41],
vestibulectomy, or perineal surgery [42] may be 
associated with vaginal dryness, acquired genital
arousal difficulties, and acquired introital dyspareu-
nia, as pain is the strongest reflex inhibitor of vaginal
lubrication.

Fig. 19.1 Severe lichen sclerosus. The left labia minora is
almost completely conglutinated, the clitoris is entrapped
in the retracted tissue. Severe acquired genital arousal
disorder, with acquired anorgasmia, may be the correlated
female sexual disorder. Courtesy of A. Graziottin, 2006.
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6 The vulvar vestibule is increasingly involved in 
inflammatory states (vulvar vestibulitis, VV), with
bacterial, mycotic, chemical, neurogenic, or allergic
etiology [43]. Reddening of the vestibular area is as-
sociated with, but not pathognomonic of, vulvar
vestibulitis (Figs 19.4 and 19.5). Exquisite tender-
ness at 5 o’clock and 7 o’clock of the vaginal introi-
tus, on the external side of the hymen, at the exit of
the Bartholin’s duct, is a key symptom of VV, which is
the leading etiology of chronic dyspareunia in the
fertile age (see Chapter 25).
7 Reddening of the vulvar region, with edema,
swelling of the labia, itching, and pain is caused by
candida infection. It causes introital dyspareunia.

Recurrent candida is one of the precipitating etiolo-
gies of VV. For more details see Chapter 25).
8 Ritual female genital mutilation may be responsi-
ble for major changes in the vulvar anatomy (Fig.
19.6). However, after laser de-infibulation the un-
derneath anatomy may appear more maintained
than expected when observing the modified genitals
(Fig. 19.7). This maintenance may concur with the
reported persistence of a normal sexual response, 
in spite of gross anatomic changes (see Chapter 25),
in many women who have undergone genital 
mutilation.

The vagina extends from the vestibule to the uter-
ine cervix and posterior fornix and connects the
uterus with the external genitals. It has four walls
and is composed of mucosa (stratified squamous
epithelium), lamina propria, and the muscularis,
which is composed of an outer longitudinal and an
inner circular layer of smooth muscle fibers [2,28].

The hymen vaginae is a thin fold of mucous
membrane, seen just within the vaginal orifice, that
varies greatly in appearance. It may be absent, may

Fig. 19.2 Progressive lichen sclerosus in a 32-year-old
woman complaining of lifelong hypoactive sexual desire
disorders and anorgasmia. Courtesy of A. Graziottin, 2006.

Fig. 19.3 Normal aging. Vulvar and vaginal aging in a 
57-year-old postmenopausal woman, not using hormonal
therapy. She complains of vaginal dryness, difficulty in
getting aroused, introital dyspareunia and orgasmic
difficulties. Courtesy of A. Graziottin, 2006.
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Fig. 19.4 Vulvar vestibulitis: reddening of the introital
mucosa is visible at 5 and 7, when looking at the vaginal
entry as a clock-face. Courtesy of A. Graziottin, 2006.

Fig. 19.5 Vulvitis and vulvar vestibulitis: diffuse
reddening of the introital mucosa is clearly visible, 
as the inflammation covers all the area of the vestibule. 
It extends to the fourchette and part of the centrum
tendineum, thus indicating a larger vulvar involvement.
Courtesy of A. Graziottin, 2006.

Fig. 19.6 Female genital mutilation.
The vulvar anatomy is disrupted. The
labia have been fused, the glands of the
clitoris is no longer visible, a tiny
opening indicates the vaginal entrance,
sufficient only for the menstrual blood
to flow. Courtesy of Dr Lucrezia
Catania, 2005.
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or may not rupture with sexual activity, or be partic-
ularly fibrous and thick, thus contributing to in-
troital dyspareunia. Its remnants after rupture are
small round “carunculae hymenales” [2,28,34].

The greater vestibular (Bartholin’s) glands lie
deep to the cavernosal bulbs, between those struc-
tures and the lateral or outer aspect of the distal vagi-
nal wall [2,28,34].

For descriptive purposes, reproductive organs
lying within the body cavity such as ovaries, uterus
and fallopian tubes are grouped as internal geni-
talia. The uterus may be involved in the orgasmic 
response. However, the research on the effect of hys-
terectomy on female sexual functioning is not 
conclusive.

During sexual quiescence, the vagina is a potential
space with an H-shaped transverse cross-section and
an elongated S-shaped longitudinal section. Grafen-
berg described the G (Grafenberg) spot of the anteri-
or vagina along the urethra, and reported that
stimulation of this spot gave special sexual pleasure
and orgasm for women [44]. Perry and Whipple
[45,46] named this sensitive area the Grafenberg, or
G spot, in honour of Dr. Grafenberg. Other investiga-
tors could not locate a spot, but found, rather than a
spot, a general excitable area along the whole length
of the urethra running along the anterior vaginal
wall [47]. Type 5 phosphodiesterase is expressed in

the anterior wall of the human vagina [36,48]. For
more details see Chapter 24.

Clinical relevance
The vagina is the key organ of women’s physical re-
ceptivity. The quality of vaginal trophism is mediated
by the level of tissue estrogens [33], which deter-
mine: (1) the mucosal trophism; (2) the vaginal wall
elasticity and resistance to coital microtraumas; (3)
the responsiveness of perivaginal vessels as mediator
of the genital arousal, with vaginal congestion and
lubrication [22,49,50]; (4) the vaginal ecosystem,
with the leading Doderlein bacilli, responsible for the
maintenance of vaginal acidity at pH around 4,
which contributes to the biologic defense of the 
vagina against invasive germs, mostly saprophytic
pathogens of colonic origin [33].

The clinical evaluation of vaginal pH (see Figs 19.1
and 19.3) may help the clinician to diagnose tissue
hypoestrogenism and altered ecosystem [33]. The
former may contribute to genital arousal disorder
(see Chapter 23), the latter to dyspareunia (see
Chapter 25).

The urogenital triangle and pelvic 
floor muscles
The pelvic floor muscles in both men and women
have the same composition: the pubococcygeous

Fig. 19.7 Female genital mutilation,
after laser de-infibulation. After
excision, the vaginal mucosa shows 
a normal appearance and allows
intercourse without pain. Coital
orgasm is reported. Courtesy of Dr
Lucrezia Catania, 2005.
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and the coccygeous muscles form the muscular di-
aphragm that supports the pelvic viscera and op-
poses the downward thrust produced by increases in
intra-abdominal pressure. In both genders, the uro-
genital region consists of superficial and deep spaces
created by the bulbospongiosus, ischiocavernosus,
sphincter urethrae, and the transversus perinei su-
perficialis and profundus [2,28,30–32].

In women, the bulbospongiosus surrounds the
orifice of the vagina, covering the lateral parts of the
vestibular bulb. Anteriorly, it becomes attached to
the body of the clitoris and similarly compresses the
female deep dorsal vein, enabling erection of the cli-
toral tissue.

The ischiocavernosus is typically smaller in
women, and covers the unattached surface of the
crura clitoridis, compressing these and retarding the
outflow of venous blood during sexual arousal to as-
sist in maintaining clitoral erection. Similarly, the
transversus perinei profundus and the sphincter
urethrae perform identical functions in both genders
[2,28,30–32].

Clinical relevance
The integrity of the pelvic floor muscles is important
in both sexes [18,28,30–32]. Co-morbidity of uro-
logic, proctologic, and pelvic floor-related conditions
adversely influences sexual function in men and
women [51]. However, the vulnerability to ana-
tomic and functional damages is higher in women as
the result of reproductive events [30–32,41,42]. 
Lesion of the medial fiber of the pubococcygeus at
delivery may cause an impairment of vaginal sensi-
tivity during thrusting, and contribute to postpartum
orgasmic difficulties, besides contributing to stress
incontinence [30–32,41,42,52]. Defects of the hiatus
are responsible for many pathologic entities such 
as cystocele, rectocele (Fig. 19.8), uterine prolaps
which may all cause sexual problems for the woman
[30–32,41,42,52].

At the opposite end of the spectrum, hyperactivity
of the pelvic floor muscles is associated with vaginis-
mus, dyspareunia, and vulvar vestibulitis, and 
to postcoital bladder irritative symptoms such as 
frequency, urgency, and the elusive “urethral 
syndrome” [42,43]. Co-morbidity between lower
urinary tract symptoms and dyspareunia is a fre-

quent and still neglected clinical association, with an
odds ratio of 7.62, according to Laumann et al. [53]. It
is likely that hyperactivity of the pelvic floor is one of
the key factors contributing to this co-morbidity [54]
(see Chapter 25).

Observation and clinical examination of the exter-
nal genitalia may indicate the tonus of the elevator
ani [54]:
1 Hyperactivity of the muscle is associated with a re-
traction of the area between the fourchette and the
anus, and is suggestive of vaginismus or acquired
dyspareunia and coital orgasmic difficulties.
2 Hypotonicity of the muscle is associated with cys-
tocele and or rectocele (Fig. 19.8).

Fig. 19.8 Cystocele and rectocele in a 65-year-old woman
complaining of vaginal dryness, lack of vaginal sensations,
and anorgasmia. Severe hypotonus of the levator ani is
present, with co-morbid moderate stress incontinence.
Courtesy of A.Graziottin, 2006.
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Genital Vascular Anatomy

The genitals have a rich artery blood supply [2,28].
The labia are supplied from the inferior perineal and
posterior labial branches of the internal pudendal
artery as well as from superficial branches from the
femoral artery. The clitoris is supplied form the ileo-
hypogastric pudendal arterial bed. After the internal
iliac artery has given off its last anterior branch, it
transverses Alcock’s canal and terminates as the
common clitoral artery, which gives off the clitoral
cavernosal arteries and the dorsal clitoral artery. The
proximal (middle) part of the vagina is supplied by
the vaginal branches of the uterine artery and the

hypogastric artery. The distal part of the vagina is
supplied by the middle hemorrhoidal and clitoral 
arteries (Fig. 19.9) [2,28,49,50].

Clinical relevance
The integrity and dynamic responsiveness of vaginal
vessels to sexual stimuli, mediated through the neu-
rovascular pathways, is a key contributor of genital
arousal response. Factors—such as smoking, cardio-
vascular diseases, hypertension, diabetes, athero-
sclerosis—affecting the integrity of vessels may
contribute to FSD, especially to genital arousal disor-
ders [55–57] (see also Chapter 23).

Dorsal artery of clitoris

Cavernosal artery of clitoris

Dorsal artery of clitoris

Cavernosal artery of clitoris

Posterior labial artery

Posterior labial artery

Common clitoral artery

Common clitoral artery

Artery to vestibular bulb

Vestibular bulb

Perineal artery

Perineal artery

Bartholin's gland

Transverse perineal artery

Transverse perineal artery

Internal pudencial artery exiting
pudencial (Alcock's) canal

Internal pudencial artery

Inferior hemorrhoidal artery

Inferior hemorrhoidal artery
Fig. 19.9 Arterial inflow to the
external female genitalia. Redrawn
with permission from [63].
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Peripheral Neurophysiology

There is limited understanding of the precise loca-
tion of the autonomic neurovascular structures 
related to the uterus, cervix, and vagina. Uterine
nerves arise from the inferior hypogastric plexus
formed by the union of the hypogastric nerves 
(sympathetic T10–L1) and the splanchnic fibers
(parasympathetic S2–S4). This plexus has three 
portions: vesical plexus, the rectal plexus, and the
uterovaginal plexus, which lies at the base of the
broad ligament, dorsal to the uterine vessels and lat-
eral to the uterosacral and cardinal ligament. This
plexus provides innervation via the cardial ligament
and uterosacral ligaments to the cervix, upper 
vagina, urethra, vestibular bulbs, and clitoris. At the
cervix, sympathetic and parasympathetic nerves
form the paracervical ganglia. The larger one is called
the uterine cervical ganglion. It is at this level that in-
jury to the autonomic fibers of the vagina, labia, and
cervix may occur during hysterectomy. The puden-
dal nerve (S2–S4) reaches the perineum through Al-

cock’s canal and provides sensory and motor inner-
vation to the genitalia (Figs 19.10 and 19.11).

As such, the anatomic structures involved in the 
female genital sexual response are innervated by 
autonomic and somatic nerves: (1) the pelvic 
nerve issuing from level S2–S4 of the spinal cord
(parasympathetic); (2) the hypogastric and lum-
bosacral chain issuing from level (T12–L2) of the
spinal cord (sympathetic); (3) the pudendal nerve
(somatic) with cell bodies of the motoneurons 
located in the Onuf’s nucleus (S2–S4); and (4) the
vagus nerve issuing from the nucleus tractus 
solitaries. For review see [58].

Sensory stimuli relevant to sexual function are
conveyed by afferent pathways consisting of puden-
dal, pelvic and hypogastric nerves and the lum-
bosacral sympathetic chain. They relay information
to the dorsal horn, medial central and lateral gray
matter of the lumbosacral spinal cord, and the vagal
afferent fibers convey sensory information from the
genital apparatus to the nucleus tractus solitarus
(NTS) [58].

Sympathetic ganglion
and trunk

Inferior
hypogastric

plexus

Uterovaginal
plexus

Crura of clitoris

Bladder

Uterus

Perineal nerve

Sacral
splanchnic
nerves (pelvic
plexus)

Superior hypogastric
plexus

Fig. 19.10 Autonomic and somatic
innervation of the female genitals.
Redrawn with permission from [63].
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Genital Physiological Response
During Sexual Arousal

During female sexual arousal the blood flow to the
genitals is increased in the clitoris, the labia, and the
vagina leading to vasocongestion, engorgement, and
lubrication [22,49,50,58–61]. Furthermore orgasm
may involve rhythmic contractions of the pelvic 
striated circumvaginal musculature, often with con-
comitant uterine and anal contractions [58]. For
more details see Chapter 24.

Vaginal lubrication is a consequence of the in-
creased blood flow. During the non-aroused state the
anterior and posterior walls are normally collapsed
and touch each other. Nevertheless, they do not ad-
here as they are covered with a thin layer of basal
fluid, allowing them to separate easily. As such, the
fluid is a mixture of secretions from the whole geni-
tal tract. This is mainly a vaginal plasma transudate
mixed with desquamated cervical and vaginal cells
and cervical secretion. No glandular elements have
ever been identified in the normal human vagina

Dorsal nerve of clitoris

Clitoral nerve

Posterior labial branches

Superficial branch of
perineal nerve

Deep branch of perineal
nerve

Perineal branch of
pudendal nerve

Pudendal nerve exiting
pudendal (Alcock's) canal

Anterior labial
commissure

Prepuce of clitoris

Clitoris

Frenulum of clitoris

Urethral orifice

Labium minus

Labium majus

Vaginal orifice

Opening of greater
vestibular (Bartholin's)
gland

Frenulum

Posterior labial
commissure

Dorsal nerve of clitoris

Clitoral nerve

Posterior labial branches

Superficial branch of
perineal nerve

Deep branch of perineal
nerve

Perineal branch of
pudendal nerve

Pudendal nerve exiting
pudendal (Alcock's) canal

Fig. 19.11 Motor and sensory nerves innervating the external female genitalia. Redrawn with permission from [63].
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[22,49,50]. The vaginal transudate is formed from
the blood, slowly circulating through the capillaries
supplying the vaginal epithelium. A plasma filtrate
from the blood leaks out of the capillaries into the in-
terstitial tissue space. In the vagina the fluid then
passes through the epithelium. In the sexually un-
stimulated state the vaginal fluid has a higher K+ and
lower Na+ concentration throughout the phases of
the menstrual cycle [50]. In the non-sexually stimu-
lated state there is a slow passage through the epithe-
lium in balance with reabsorption; this leads to the
just-moist vagina, but not moistened enough to
allow penetration without pain. The slow blood cir-
culation also results in a hypoxic lumen with low
oxygen tension [22,49,50]. During sexual arousal,
the blood flow to the vaginal epithelium is rapidly 
increased as a consequence of neural innervation 
via the sacral anterior nerves (the parasympathetic
pathway (pelvic nerve) [62]. The increased blood
flow results in an increased volume of ultrafiltrate
percolating between the vaginal epithelial cells, sat-
urating the reabsorption capacity and thereby the
excess of fluid accumulates at the vaginal surface as a
clear, slippery and smooth lubricant, moistening the
vagina so that painless penetration and thrusting is
possible. Despite many inaccurate accounts in phys-
iology textbooks, vaginal lubrication during sexual
arousal does not occur from increased secretion of
vaginal glands.

Activation of the sympathetic nervous system oc-
curs during the later stages of arousal and orgasm
and is responsible for the increase in heart rate and
blood pressure in women [58].

During the arousal response there is a relaxation of
the trabecular smooth muscle in the clitoris and the
clitoral blood flow increases. This leads to a rise in in-
traclitoral pressure, with increased tumescence and
engorgement [22,58–62]. As the tunica of the clitoris
is elastic, no veno-occlusive mechanism occurs such
as that seen in the penis.

Neurotransmitters of importance for the
arousal response
Several adrenergic, cholinergic, and nonadrenergic-
noncholinergic (NANC) neurotransmitters/media-
tors have been identified in the female genital tract

(epinephrine, acetylcholine, vasoactive intestinal
polypeptide, nitric oxide synthase, neuropeptide 
Y, calcitonin gene-related peptide, substance P, 
pituitary adenylate cyclase-activating polypeptide,
helospectine, and peptide histidine methionine)
[22,49,50]. There remains a lack of knowledge of
which mediators are crucial in the regulation of fe-
male genital arousal response [50]. Vasoactive in-
testinal polypeptide (VIP) has traditionally been
considered the most important neurotransmitter in
the regulation of vaginal blood flow [22], but nitric
oxide (NO) has also been identified as an important
mediator of increased blood flow to the female geni-
tals during arousal, based on human and animal
studies [36,48]. However, the exact roles of these
and other neurotransmitters/mediators in the phys-
iologic and pathophysiologic arousal response re-
quire need further investigation.

In summary, during sexual stimulation, the geni-
tal female sexual arousal response is elicited by sen-
sory stimulation as well as central nervous system
activation. This culminates in a series of vasoconges-
tive as well as neuromuscular events leading to 
physiologic changes—vaginal lubrication, increased
length and width of the clitoris, engorgement of the
labia as well as increased sensitivity of the genitalia—
representing the physiologic genital arousal re-
sponse in women.

Conclusion

The re-reading of women’s anatomy and physiology
with the clinical perspective of an updated sexual
medicine is a necessary prerequisite for a better un-
derstanding of biologic contributors in women’s sex-
ual function and dysfunction. However, for the sake
of conciseness, the description in this chapter covers
only some of the aspects of anatomy and physiology
of importance for sexual function in women.

The potential clinical relevance of the physical 
examination has been stressed with the aim of 
stimulating a closer examination of the biologic 
conditions potentially associated with female sexual
disorders.

This is of special relevance when genital arousal
disorders, dyspareunia, and vaginismus are com-
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plained of. However, the clinical examination should
be performed in any female sexual disorder, as
anatomic and/or genital dysfunctional problems
may contribute to lifelong or acquired desire and/or
orgasmic disorders.
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This chapter will summarize the leading characteris-
tics of women’s sexuality, to give a comprehensive
view of the key factors in sexual health [1,12]. The
most updated classification will be presented, with a
focus on descriptors essential to qualify the disorders
with a few questions [3]. Two concise paragraphs on
ethical, legal, and moral issues [1,4–6], and on opti-
mal referral will be presented [4,7].

Leading Characteristics of 
Women’s Sexuality

Women’s sexuality is multifactorial, rooted in bio-
logic, psychosexual, and context-related factors
[1,3,4,7–16]. The latter include couple dynamics,
family and sociocultural issues and developmental
factors, including sexual abuse [17–19].

Sexuality is also multisystemic: in men and
women, a physiologic response requires the integrity
of the hormonal, vascular, nervous, muscular, 
connective, and immune systems —a fact too 
often overlooked in women, until recently
[7,15,16,20–25].

Three major dimensions — female sexual identity,
sexual function and sexual relationship —interact to de-
fine women’s sexual health [7,15,22]. Women’s
sexuality varies over the life cycle and is dependent
on biologic (reproductive events) as well as personal,
current contextual, and relationship variables
[13,26]. Female sexual problems are age related,
progressive, and highly prevalent, affecting up to
43% of women [27–31]. More importantly, a third to
half of women who were defined as having a prob-

lem regarded the problem as distressing [30,32].
These sexual problems appear to increase with both
menopause and with age [33–37]. Sexual disorder,
among both men and women, has been associated
with poor quality of life, lower perception of well-
being, lower self-esteem, poor self-image, poor 
relationship quality, and depression and anxiety
[38–40].

Female sexual problems may occur along a contin-
uum from dissatisfaction (with potential integrity of
the physiologic response but emotional/affective
frustration), to dysfunction (with or without patho-
logical modifications), to severe pathology, biologically
rooted [26,41]. Pelvic floor disorders are among the
most important and yet neglected medical contribu-
tors to women’s sexual disorders [42–44].

Sexual dissatisfaction, disinterest and even dysfunc-
tion may occur in conjunction with male sexual dis-
orders or in the context of an abusive relationship.
Female sexual problems should not all be labelled
per se as “diseases” or dysfunctions requiring med-
ical treatment [30]. Low levels of female sexual func-
tion may occur with or without significant personal
(and interpersonal) distress [9,30,45]. For example,
although female sexual function declines with age
and incrementally with menopause [46], women
become less distressed about low sexual function
with age [47].

Sociocultural factors may further modulate the per-
ception, expression, and complaining modality—
that is, the “wording”—of a sexual disorder. The
meaning of sexual intimacy is a strong modulator of
sexual response and of the quality of satisfaction the
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woman experiences, in addition to physical response
[4,19,48–50]. The quality of feelings for the partner,
change in relationship status, and length of the rela-
tionship, also significantly affect female sexual func-
tion [9,51].

Sexual problems reported by women are not dis-
crete and often co-occur, co-morbidity being one of
the leading characteristics of female sexual disorders
[13,26]. Co-morbidity between female sexual disorder
and medical conditions—urologic, gynecologic, procto-
logic, dysmetabolic, cardiovascular and nervous
diseases, to mention a few—is beginning to be recog-
nized [15,22,44,52,53]. For example, latent classes
analysis of sexual dysfunctions by risk factors in
women indicate that urinary tract symptoms have a
RR = 4.02 (2.75–5.89) of being associated with
arousal disorders, and a RR = 7.61 (4.06–14.26) of
being associated with sexual pain disorders, accord-
ing to the epidemiologic survey of Laumann and col-
leagues [27]. The attention dedicated to FSD-related
co-morbidities—both between FSD subtypes and
between FSD and medical conditions—in this
document reflects the clinical relevance of this
association, especially in the urogynecologic and
proctologic domains.

Psychiatric co-morbidity impacts sexual function
to different degrees in each individual, with past 
sexual trauma, eating disorders, or histrionic per-
sonality disorder [54–58] having some impact 
on sexual function. As many as 70% of patients 
with depression report a decline in libido [59]. The
greater prevalence of anxiety disorders (30.5% to
19.2%) and depressive disorders (21% to 13%) in
women in comparison to men increases the impor-
tance of evaluating and treating psychiatric co-
morbidity [60].

Classification of Female 
Sexual Disorders

Over the last decades, classification of FSD has un-
dergone intense scrutiny and revisions, which mir-
rors the new understanding of its complex etiology.
Until a decade ago, the classification of FSD, which
constitutes the frame of reference for an appropriate
diagnosis, was focused almost entirely on its psycho-
logic and relational components. Indeed, FSD were

included in the broader manual of “psychiatric” dis-
orders [61,62]. The first and second consensus con-
ferences on FSD [3,13] set out to define women’s
sexual disorders, with special attention given to
bringing together the current level of evidence with
definitions fitting women’s wording and experi-
ences. The latest classification is reported in Table
20.1.

Clinical History

For a more comprehensive account of sexual con-
cerns or complaints, healthcare providers should
also investigate the so-called “descriptors” of the dis-
orders, as defined by the International Consensus
Conferences held in 1998 and 2003 [3,13]. They in-
clude:
1 The etiology of the disorder, further detailed in
predisposing, precipitating, and maintaining factors
(Tables 20.2a, 20.2b, and 20.2c) [15,63–65]. Each
category includes biologic, psychosexual, and con-
textual causes.

(a) Biologic descriptors include hormonal factors,
pelvic floor disorders [43,44], cardiovascular
problems, neurologic conditions (particularly
pain related) [14,66], metabolic disorders (dia-
betes, adrenal, and thyroid dysfunction), affective
disorders, and anxiety. All the medical conditions
that may directly or indirectly affect sexuality,
through their multisystemic impact and/or the
consequences of pharmacologic, surgical, and/or
radiotherapeutic treatment, should be considered
in the differential diagnosis of potential contribu-
tors to reported FSD. Decline in sex steroids, con-
sequent to natural or iatrogenic menopause, is a
major contributor to FSD [9,47,65].
(b) Psychosexual descriptors refer to emotional/
affective/psychic factors such as negative 
upbringing/losses/trauma (physical, sexual, emo-
tional) [67,68], body image issues [69], eating dis-
orders affecting self-esteem and self-confidence,
and attachment dynamics (secure, avoidant, anx-
ious) [17] that may also modulate the level of trust
in the relationship and the intensity of the 
commitment, and the confidence in loving and
longstanding attitudes toward affective and erotic
intimacy.

SPS20  8/1/06  11:36 AM  Page 306



Classification, Etiology, and Key Issues in Female Sexual Disorders 307

(c) Contextual descriptors include past and cur-
rent significant relationships [1,68], cultural/reli-
gious restrictions [13,26], current interpersonal
difficulties [19,70], partner’s general health issues
and/or sexual dysfunctions, inadequate stimula-
tion, and unsatisfactory sexual and emotional
contexts [50].

2 The disorder being generalized (with every part-
ner and in every situation) or situational, specifically
precipitated by partner-related or contextual factors,
which should be specified [13,26]. Situational prob-

lems usually rule out medical factors that tend to 
affect the sexual response with a more generalized
effect [53,71].
3 The disorder being lifelong (from the very first
sexual experience) or acquired after months or years
of satisfying sexual interaction. To ask the woman
what in her opinion is causing the current FSD may
offer useful insights into the etiology of the disorder,
particularly when it is acquired [4].
4 The level of distress, which indicates a mild, mod-
erate or severe impact of the FSD on personal life.

Table 20.1 Classification of female sexual disorders.

Women’s sexual interest/desire disorder
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 more than that due to a normative lessening with the life cycle and length of a
relationship.

Sexual aversion disorder
Extreme anxiety and/or disgust at the anticipation of/or attempt to have any sexual activity.

Subjective sexual arousal disorder
Absence of, or markedly diminished cognitive sexual arousal and sexual pleasure from any type of sexual stimulation.
Vaginal lubrication or other signs of physical response still occur.

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 from caressing genitalia. Subjective sexual
excitement still occurs from non-genital sexual stimuli.

Combined genital and subjective arousal disorder
Absence of, or markedly diminished subjective sexual excitement and awareness of 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 disorder
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.

Women’s orgasmic disorder
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.

Dyspareunia
Persistent or recurrent pain with attempted or complete vaginal entry and/or penile vaginal intercourse.

Vaginismus
The persistent or recurrent difficulties of the woman to allow vaginal entry of a penis, a finger, and/or any object, despite the
woman’s expressed wish to do so. There is often (phobic) avoidance and anticipation/fear/experience of pain, along with
variable involuntary pelvic muscle contraction. Structural or other physical abnormalities must be ruled out/addressed.

From Basson et al. (2004) [3].
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Sexual distress should be distinguished from non-
sexual distress and from depression. The degree of
reported distress may have implications for the
woman’s motivation for therapy and for prognosis.

Physical Examination

An accurate physical examination in any FSD com-
plaint is important. The appropriate evaluation of

potential medical factors, endocrinologic, vascular,
dysmetabolic, neurologic, neuroimmunologic or ia-
trogenic factors, as well as the neglected role of pelvic
floor disorders in contributing to and maintaining
FSD, is essential to avoid both a systematic medical
omission and a gender bias [1–7,12,17,72–76]. What
to look for while examining the patient and the 
key potential findings and associated co-morbidities

Table 20.2a Predisposing factors contributing to female
sexual dysfunction.

Biologic
• Endocrine disorders (hypo androgenism,

hypoestrogenism, hyperprolactinemia, adrenal
dysfunction, thyroid dysfunction, diabetes)

• Recurrent vulvovaginitis and/or cystitis
• Pelvic floor disorders: lifelong or acquired
• Drug treatments affecting biovailability of sex steroids or

neurotransmitter levels
• Chronic diseases (cardiovascular, neurologic or

psychiatric diseases, and so on)
• Benign diseases (e.g. endometriosis) predisposing to

iatrogenic menopause and dyspareunia
• Persistent residual conditions (e.g. dyspareunia/chronic

pain associated with endometriosis)

Psychosexual
• Inadequate/delayed psychosexual development
• Borderline personality traits
• Previous negative sexual experiences: sexual coercion,

violence, or abuse
• Body image issues/concerns
• Affective disorders (dysthymia, depression, mania) and

anxiety disorders
• Inadequate coping strategies
• Inadequate sexual education

Contextual
• Ethnic/religious/cultural messages, expectations, and

constraints regarding sexuality
• Social ambivalence towards sexual activity, when

separated from reproduction or marriage
• Negative social attitudes towards female contraception
• Low socioeconomic status/reduced access to medical care

and facilities
• Support network

Modified from Graziottin (2005) [75].

Table 20.2b Precipitating factors contributing to female
sexual disorder.

Biologic
• Negative reproductive events (unwanted pregnancies,

abortion, traumatic delivery with damage of the pelvic
floor, child problems, infertility)

• Postpartum depression
• Vulvovaginitis/sexually transmitted diseases
• Sexual pain disorders
• Age at menopause

� Premature ovarian failure (POF)—menopause before
age 40

� Premature menopause—menopause between age 40
and 45

• Biologic vs. surgical menopause (especially for premature
menopause)

• Surgical menopause
� Androgen (besides estrogen) loss
� Associated disorder/disease

• Extent and severity of menopausal symptoms and impact
on well-being

• Current disorders
• Current pharmacologic treatment
• Substance abuse (mainly alcohol and opiates)

Psychosexual
• Loss of loving feelings toward partner
• Unpleasant/humiliating sexual encounters or experiences
• Affective and anxiety disorders
• Relationship of fertility loss to fulfillment of life goals

Contextual
• Relationship discord
• Life-stage stressors (e.g. child’s diseases, divorce,

separation, partner infidelity)
• Loss or death of close friends or family members
• Lack of access to medical/psychosocial treatment and

facilities
• Economic difficulties

Modified from Graziottin (2005) [75].
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will be detailed in each subchapter related to
women’s sexual problems. In addition, there is infor-
mation concerning addressing FSD in both Chapters
26 and 27.

Key point
An interdisciplinary team is a valuable resource for a
patient-centered approach, both for diagnostic accu-
racy and tailored treatment. Disciplines that may
take part in such a team of professional figures, or be
available for referral, include medical sexologist, 
gynecologist, urologist, psychiatrist, endocrinologist,
psychologist, anethesiologist, neurologist, proctolo-
gist, dermatologist, psychotherapist (individual and
couple), sex therapist, and physical therapist. This
latter professional is emerging as a key resource in ad-
dressing pelvic floor disorders. Clearly not all are
needed in any team or for a particular consultation.

Ethical, Legal, and Counseling-
Related Considerations

All patients may have sexual interests or concerns,
including the elderly, those with a disability, and
those with chronic illnesses. Wrong assumptions
about disinterest about sex in the patient who is con-
sulting for whatever medical reason would prevent
the possibility of an open, frank, constructive, and
comforting conversation in the intimate area of 
sexuality and sexual health.

Basic training in human sexuality, focused con-
tinuing education, and practice in counseling will
give the clinician increasing confidence in dealing
with sexual issues [4,76].

A positive, proactive, empathic approach to the
patient’s sexual life needs to convey an attitude of
availability and acceptance. This requires an honest
self-awareness of the healthcare provider’s areas of
comfort and discomfort with sexual issues. It is easy
to avoid asking important questions in an area in
which the clinician may feel uncomfortable. It is im-
portant to be sure to address such issues in a way that
is comfortable for both the clinician and the patient
and yet effective in securing the necessary informa-
tion [4,76].

Healthcare providers should refrain from project-
ing their own values and attitudes onto those of the

Table 20.2c Maintaining factors contributing to female
sexual disorder.

Biologic
• Diagnostic omissions: unaddressed

predisposing/precipitating biologic etiologies
• Untreated or inadequately treated co-morbidities:

� Physical: pelvic floor disorders
� Urologic: incontinence, lower urinary tract symptoms,

urogenital prolapse
� Proctologic: constipation, rhagades
� Metabolic: diabetes
� Psychiatric: depression, anxiety, phobias

• Pharmacologic treatments
• Substance abuse
• Multisystemic changes associated with chronic disease or

secondary to menopause
� Hormonal
� Vascular
� Muscular
� Neurologic
� Immunologic

• Contraindications to hormone therapy (HT)
• Inadequacy of HT in ameliorating menopause-associated

biologic symptoms

Psychosexual
• Low or loss of sexual self-confidence
• Performance anxiety
• Distress (personal, emotional, occupational, sexual)
• Diminished affection for, or attraction to, partner
• Unaddressed affective disorders (depression and/or

anxiety)
• Negative perception of menopause-associated changes
• Body image concerns and increased body changes

(wrinkles, body shape/weight, muscle tone)

Contextual
• Omission of FSD investigation from provider’s diagnostic

and therapeutic approach
• Lack of access to adequate care
• Partner’s general health or sexual problems or concerns
• Ongoing interpersonal conflict (with partner or others)
• Environmental constraints (lack of privacy, lack of time)

Modified from Graziottin (2005) [75].
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patient, either verbally or non-verbally. Doing so
may reduce the patient’s comfort and feeling of ac-
ceptance, and introduce inappropriate assumptions
into the history [1,4,5].

Wording is important to ease communication: for
example, one might ask “How comfortable are you
with masturbation?” rather than “Have you ever
masturbated?”. This subject may be addressed 
with an opening statement such as: “Research has
demonstrated that x% of people have masturbated
at some point in their lives.” Or, when addressing the
emotionally loaded area of sexual abuse, it might 
be better to ask “Have you ever had an unwanted
sexual experience?” rather than “Have you ever
been sexually abused?” [1,4].

The healthcare provider should be aware that the
topic of sexuality requires special attention to confi-
dentiality and informed consent, depending on the
profession of the clinician and on any local laws that
place limits on confidentiality, such as in the report-
ing of sexual abuse [1,4,76].

While the discussion of sexual matters is often an
appropriate part of medical evaluation and treat-
ment, it is also important not to sexualize the clinical
setting when it is not necessary. Patients may be 
confused or embarrassed by comments about their
attractiveness, disclosure of intimate personal infor-
mation by the clinician, or by sex-related questions
that are not clinically relevant and justifiable. It is 
essential to maintain appropriate boundaries with
the patient [4–6].

The modesty of the patient should be respected in
touching, disrobing, and draping procedures [4].
Key aspects of appropriate counseling attitudes are
summarized in Table 20.3.

Key point
Information on the quality of sexual life should be
recorded before any medical or surgical intervention,
especially when systemic diseases are diagnosed.
This will have two relevant consequences—giving
the patient the feeling that the clinician cares about
this aspect of their life, but also preventing further 
litigation in the case of an undiagnosed, neglected
FSD, which could then be attributed to the clinician’s
negligence or malpractice, after whatever medical or

surgical intervention, including assistance to opera-
tive delivery (see also Chapter 26).

Optimal Referral

Biologic, psychosexual, and couple issues may be
differently relevant in the individual case and should
be appropriately investigated in a careful history tak-
ing. Sexual disorders need a multidisciplinary ap-
proach, given the heterogeneity of etiologic factors
and the variety of co-morbidity, both in the medical
and psychosexual domain [1–4,7,72–76].

One individual clinician could become skilled in
all areas but often appropriate referral is required
(see Table 20.4). If the first healthcare provider diag-
nosing FSD is a physician, before referral, he or she
should establish that the woman has one or more
treatable sexual disorders, has been educated about
the disorder(s), and has tried a first-line hormonal or
other pharmacologic approach, when indicated and

Table 20.3 Talking with women patients about sexual
issues.

• Be empathic and matter-of-fact
• Use simple terms
• Be sensitive to the optimal time to ask the most

emotionally-charged questions
• Look for and respond to non-verbal cues that may signal

discomfort or concern
• Be sensitive to the impact of emotionally charged words

(e.g. “rape”, “abortion”)
• If you are not sure of the patient’s sexual orientation, use

gender-neutral language in referring to his or her
partner

• Explain and justify your questions and procedures
• Teach and reassure as you examine
• Clearly explain how to relax the pelvic floor before any

pelvic examination (urologic, gynecologic, proctologic)
or exam (cystoscopy, speculum examination, colposcopy,
anoscopy)

• Intervene to the extent that you are qualified and
comfortable; refer to qualified medical or mental health
specialists as necessary

Adapted from Plaut et al. (2004) [4].
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if he/she feels competent in treating the potential 
biologic contributors of her sexual complaint.

Generally, the woman should not currently be 
undergoing other significant medical interventions,
so as to not overburden an already demanding 
emotional and physical situation. Other medical,
lifestyle, and relationship issues need to be addressed
before specific sexual referral [4,7,75,76].

The sexual symptoms as described by the patient
can be summarized in the referral letter, along with
the provisional diagnoses. Other medical problems,
medications, past relevant medical and surgical in-
terventions, and important psychologic and rela-
tionship issues should be included, together with
details of management to date, plus outcome. It is
helpful to end with the expectations (treat, advise,
educate, operate, and so on) of the specialist and of
the patient.

Such transfer of information gives the patient or
couple the feeling of coordinated caring and con-
firms the legitimacy of their sexual complaints [4,7].

Finally, it is well known that in the couple one
member could be the symptom “carrier,” that is, the
person who actively discloses a personal sexual
problem that could have been elicited by the part-
ner’s sexual problem. In this dynamic, the latter is
the “symptom inducer.” This is frequent in FSD re-
porting when the male partner primarily suffers
from loss of desire, erectile deficits, and/or ejacul-
atory problems or general health issues [1,4,73,74].
Evaluation of those potential co-factors of FSD and
appropriate referral to specialists in male sexual 
dysfunctions is an essential part of a comprehensive
caring [1,4,7].

Conclusion

To address the complexity of FSD requires a balanced
clinical perspective between biologic and psychosex-
ual/relational factors. Different contributors should
be appropriately investigated in a careful history tak-
ing. A systematic, accurate physical examination in
any FSD complaint is the most innovative factor to be
included in a comprehensive medical diagnosis 
of FSD.

Apart from counseling, when the issue of FSD is
openly raised by the patient, the healthcare provider
can contribute to improving the quality of (sexual)
life of their patients, by routinely asking them, dur-
ing the clinical history taking: “Are you happy with
your sexual life?” or “How’s your sex life?”, thus of-
fering an overture to current or future disclosure.

Clinicians can help patients to communicate their
sexual problems and concerns effectively by creating
an atmosphere of acceptance and by clarifying com-
munication. As sexuality is most often expressed in
the context of a relationship, whenever possible,
clinicians should take into consideration the history,
need, values, and preferences of both members of the
couple. Appropriate referral is an integral part of a
competent approach to FSD.

Finally, it should be acknowledged that for many
women sex is motivated by love: attention to the
quality of the couple’s emotional intimacy is a key 

Table 20.4 Referral resources.

• Gynecologist with special interest in sexual dysfunction:
when FSD requires specialized evaluation and/or
treatment, especially hormonal

• Urologist or andrologist: when the partner has erectile or
ejaculatory dysfunction that is assessed to require
medical intervention

• Internist or family physician with special interest in sexual
medicine: for sexual dysfunctions in either partner

• Oncologist: when HT is considered for cancer survivors
with premature menopause

• Psychiatrist: when depression and anxiety are
precipitated by or associated with FSD

• Certified sex therapist: to address the specific
psychosexual component of the woman’s complaint,
situational erectile dysfunction, either partner’s orgasmic
difficulties, as well as loss of sexual motivation in either
partner (www.aasect.org)

• Couple therapist: when relationship issues are a primary
contributor to the sexual dysfunction

• Individual psychotherapist: when personal
psychodynamic issues are inhibiting sexual function

• Physical therapist: when hyper- or hypotonicity of pelvic
floor is contributory

Adapted from Plaut et al. (2004) [4].
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aspect of the clinical consultation when address-
ing FSD.
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Definition

Hypoactive sexual desire disorder is defined as absent or di-
minished feelings of sexual interest or desire, absent sexual
thoughts or fantasies and a lack of responsive desire. Moti-
vations (here defined as reasons/incentives) for attempting
to become sexually aroused are scarce or absent. The lack 
of interest is considered to be more than that due to a 
normative lessening with the life cycle and length of a 
relationship [1].

The complaint of low desire becomes a clinically
relevant sexual disorder when it causes significant
personal distress to the woman.

The focus on “sexual fantasies/thoughts and/or
desire” stresses the importance of a mental activity
dedicated to anticipating and fantasizing about the
sexual encounter. In women, this is more typical of
the first months and years of a relationship. In stable,
long-lasting relationships, many women report that
the leading motivation to have sex is a need for inti-
macy that may then trigger a sexual response, with
increased willingness to be receptive to the partner’s
initiative.

The “personal distress” criterion applied to desire
disorders means that the woman herself has to be
sufficiently motivated to seek treatment because she
is personally disturbed by the problem. However, re-
lationship distress caused by the loss of desire may
also affect the perception of the problem and the mo-
tivation, or not, to seek treatment.

Prevalence

Population data indicate a prevalence of low desire
in 32% of women between 18 and 59 years of age
[2]. A recent European survey of 2467 women, in

France, UK, Germany, and Italy, indicates that the
percentage of women with low sexual desire is 16%
in the age cohort from 20 to 49; 29% in the same 
age cohort, in women who experienced surgical
menopause; 42% in postmenopausal women aged
50 to 70 with natural menopause; and 46% in the
same age cohort after surgical menopause [3].

The percentage of women distressed by their loss of
desire, having hypoactive sexual desire disorder
(HSDD), was respectively: 7% in fertile women and
16% after surgical menopause, in the age cohort 20
to 49; 9% in women with natural menopause; and
12% in those with surgical menopause aged 50 to 70
[3]. The likelihood of low sexual desire increases
with age, while the distress associated with the loss of
desire is inversely correlated with age [4].

Surgical menopause, secondary to bilateral
ovariectomy, has a specific damaging effect due to
the loss of ovarian estrogens and androgens. Ovaries
contribute more than 50% of total body androgens
in the fertile age. The European survey found that
surgically menopausal women were more likely 
to have HSDD than premenopausal or naturally
menopausal women (OR = 2.1; CI = 1.4, 3.4; p =
0.001) [3]. Sexual desire scores and sexual arousal,
orgasm and sexual pleasure, were highly correlated
(p < 0.001) [3]. Women with HSDD were more likely
to be dissatisfied with their sex life and their partner
relationship than women with normal desire (p <
0.001) [3].

Pathophysiology

Sexual desire/interest, alternatively referred to as
sexual appetite, drive, and sexual impulse, reflects
the sexual appetitive feeling that motivates a person
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to obtain sex and focus her attention on that goal. It
has three major dimensions: biologic, motivational,
and cognitive.

Biologic
Basic instinctual (or physical) drive is rooted in the
rhinencephalic and limbic brain, which is strongly
hormone-dependent and is modulated by different
mental states, especially mood, and is neurochemi-
cally driven. Dopamine is the key neurotransmitter
of the seeking-appetitive-lust system, in the appeti-
tive side; endorphins mediate the final consumma-
tory/satisfactory feelings. This system interacts 
with, and is modulated by three other basic emotions
command systems [5]: anger-rage, fear-anxiety, 
and panic-separation-distress. The final sexual be-
havior expresses the “net” result of this complex
neurobiologic interplay between driving and in-
hibiting forces. Hormones, in their complex inter-
play, seem to control the intensity of libido and
sexual behavior, rather than its direction, which 
is more dependent on motivational-affective and 
cognitive factors.

Estrogens contribute to the appearance and the
maintenance of secondary sex characters and to cen-
tral and peripheral aspects of female sexual function,
including level of sexual interest [6–8]. Estrogens af-
fect central sexual desire and central arousal (which
are difficult to be differentiated from the research
point of view [9], as perception of desire immedi-
ately translates into neuronal activation, registered 
as central sexual arousal).

Appropriate levels of androgens also affect sexual
interest in women as in men. Whether androgens or
estrogens are the primary modulators of female sex-
uality remains controversial [10]. Androgens also
act as conditioners in the cavernosal bodies in both
genders. Estrogens and androgens modulate the
trophism of sensory organs, which are sexual targets
and sexual determinants of libido. When all values of
sexual hormones are converted to picograms/ml,
androgens appear to be much more quantitatively
present in the female body than estrogens [11]. Post-
menopausal hormone-dependent involution of sen-
sory organs may be an important and often ignored
biologic contributor of loss of libido in aging 
women [12].

Prolactin, when supraphysiologic, may inhibit the
cascade of events involved in the sexual response, in
women as in men. Hypo- or hyperfunction of other
endocrine organs (thyroid, adrenal) may also affect
sexual desire.

Oxytocin is considered to be the most important
neurochemical factor that links the affective and the
erotic quality of bonding involved in libido itself, but
its clinical usefulness in the diagnosis and treatment
of FSD has not yet been adequately assessed.

Alcohol and substance abuse may contribute to
sexual disorders, and their potential role should be
investigated. Psychotropic drugs may further inhibit
or excite sexual desire [13].

Quality of health and well-being, or severity of dis-
eases, are powerful modulators of the vital energy
that nourishes the intensity of sexual drive [14].
Other sexual disorders may cause a secondary loss of
libido and increasing frustration and dissatisfaction.
Co-morbidity between different FSD, as mentioned
before, is frequent.

Motivational
Emotional and affective meanings and intimacy
needs, which seem to be particularly relevant to
women, may contribute to and modulate basic sex
drive. In our species, motivation for sex may shift
from the primary biologic goal—reproduction—to
recreational sex, where the pursuit of pleasure is 
key, and/or to instrumental sex, where sex is 
performed as a means to obtain advantages and 
express motivations different from procreation
and/or pleasure.

Cognitive
Wishes and risks to behave sexually are set against
the former two contributing factors in ultimately de-
termining sexual behavior. In recent years, research
on sexual desire has grown to include a deeper un-
derstanding of its biologic roots—both endocrine and
neurochemical, of the motivational and relational
components and of its vulnerability to personal fac-
tors and context-dependent agents. A population-
based longitudinal study found that relational
factors, such as gaining or losing a partner and feel-
ings toward the partner, had greater effects on 
sexual interest than did hormonal levels [8].
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Clinical History

Loss of sexual desire is multifactorial; it might be
caused by biologic, motivational-affective, and cog-
nitive factors that may partly overlap, leading to a
progressive decrease of sexual drive that usually par-
allels the process of aging, with further decline asso-
ciated with natural or surgical menopause [3,4,7,15]
(see also Chapter 20).

A few appropriate questions may help the clini-
cian to better define the etiology of the complaint, to
note the presence of co-morbidity with other FSD,
and to determine the need for further information
(see also Chapter 20). A more detailed clinical his-
tory is outlined here, as a paradigm for how to 
investigate different sexual disorders in the health
practitioner’s office.

When did you notice that there was a problem? Was it pre-
sent since the very beginning of your sexual life (“lifelong”)
or not?
• If yes (as reported on average by 22–28% of
women), check psychosexual factors first, hormonal
only when clinically indicated.
• If not, and symptoms have appeared recently (“ac-
quired”), ask what—in the patient’s opinion—might
have caused the problem.

If acquired, did sexual interest fade slowly?
• If yes, check for relationship problems or erotic
dissatisfaction, partner sexual or general health
problems, work stress, chronic problems with chil-
dren or close relatives, chronic personal illness, nat-
ural menopause, and so on.
• If not, and sex drive disappeared with a rather sud-
den loss, check hormonal consequences of surgery
(e.g. bilateral ovariectomy), recent and current 
use of drugs (e.g. antidepressants), relation-
ship problems (e.g. discovery of an affair, severe 
marital crisis).

Is your loss of desire limited to a partner and/or or to a spe-
cial context (“situational”)?
• If yes, check relationship and context-dependent
issues.
• If not, and the loss is present in every context and
with every partner (“generalized”), check personal
psychosexual issues and biologic factors.

What was the average frequency of sexual activity per week
(or per month) in the last six months, including with self
and/or a partner?
• If fairly regular activity is reported, were you
pleased and responsive, with adequate arousal and
orgasm? If yes, this might just be a fairly normal re-
sponse in a stable couple, where the woman re-
sponds to satisfy her intimacy needs in the absence of
a high sexual drive.

If sexual activity is reported, is your partner experiencing
low libido or other sexual problems?
• If yes, the partner could be the “symptom inducer”
and the woman the “symptom carrier.” A sexual dis-
order in the male partner may result in a loss of inter-
est in the female partner as well. If this is the case, it
may be his problem that needs to be addressed. Ulti-
mately, both members of the couple should be in-
volved in treatment if they are willing to do so.
• If not, how do you explain this erotic silence on
both sides?

Do you have erotic dreams, sexual daydreams or sexual 
fantasies?
• If yes, this usually indicates a good hormonal pro-
file as well as a substantial integrity of the mental
sexual processes. The motivational side should then
be investigated more thoroughly, as the loss of inter-
est might be more closely related to relationship or
other psychologic problems.
• If not, this suggests that biologic as well as psycho-
logic factors, such as depression, may be at play.

Do you experience any other sexual problems such as 
vaginal dryness, difficulty in lubrication or orgasmic 
difficulties, despite normal foreplay? Do you feel pain 
during intercourse? (Co-morbidity may be the case—
understanding which is the leading disorder is a key to 
effective treatment.)
• If no other sexual disorder is reported, endocrine,
vascular, neurologic and muscular problem (levator
ani hypertonicity up to defensive vaginismus) can be
reasonably excluded (although a careful physical 
examination is always to be recommended).

Is there autoerotic (masturbatory) activity, with orgasm?
• If yes, this indicates good libido, positive body
image and lack of inhibition. The loss of libido might
therefore be secondary to relationship problems or
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an inability to have intercourse due to the partner’s
physical or sexual problems.
• If not, assuming that the patient’s value system
does not permit masturbation per se, sexual inhibi-
tion, religious concerns, guilty feelings, poor body
image, low self-confidence may be the leading in-
hibitors of a lifelong desire.

Do you enjoy intercourse?
• If yes, this indicates receptiveness and erotic 
availability.
• If not, and the woman prefers sexual activity other
than intercourse, check two possibilities: a phobic
aversive attitude toward intercourse and/or sexual
pain-related disorder that should be looked for
(vestibulitis, vaginitis, vulvitis, vaginismus, post-
coital cystitis, clitoralgia, either spontaneous or after
arousal, and congestion) that may all cause sec-
ondary loss of libido. Sometimes sexual pain-related
problems may have started years before the consul-
tation and the patient does not recognize this etio-
logic correlation until an accurate medical diagnosis
put events in the correct etiologic sequence. Some
women enjoy other forms of sexual experiences, not
intercourse. Some of these women may have same-
sex preference.

What made you aware of your sexual desire disorder and
led you to look for help (e.g. intolerable personal frustra-
tion, fear of losing the partner, partner’s complaint, new
hope for effective treatment, more self-confidence in report-
ing)? This final question may well address the real
motivation for treatment.

Key point
The clinician should try to become comfortable 
with these quite intimate questions, choosing 
ways of asking them that he/she feels at ease with.
With time, proper training and familiarity with this
issue, this clinical history recording will be increas-
ingly rewarding in terms of diagnostic accuracy,
patient satisfaction, and improvement of clinician–
patient relationship.

Clinical Evaluation

If the clinical history suggests a possible biologic eti-
ology, the clinician should assess the following:

• The patient’s hormone levels (total and free testos-
terone, dehydroepiandrosterone sulfate, prolactin,
17-beta estradiol, sex hormone binding globulin
(SHBG), with a plasma sample at the 5th or 6th day
from the beginning of menses in fertile women;
thyroid-stimulating hormone (TSH) should be as-
sessed when individually indicated).
• The trophism of the pelvic floor structures (that may
cause secondary loss of libido), with an accurate 
gynecologic/sexologic examination, particularly
when co-morbidity with arousal, orgasm and/or
sexual pain disorders is reported.
• Psychosexual factors and affective state. The clinician
should briefly investigate these issues, referring to a
sex therapist or couples therapist for a comprehen-
sive diagnosis, if indicated.

Treatment

Sexual desire disorders have the lowest success 
treatment rate among sexual disorders. Etiologic
complexity, the importance of relationship issues,
intimacy frustration, or low motivation to improve
sexual relations with the current partner, may ex-
plain why the response to treatment is generally so
disappointing, particularly in unmotivated patients.
Better results may be possible in highly motivated
patients, when hormonal loss is the leading etiology
(as in surgical menopause) and appropriate hormon-
al therapy (HT) may restore libido and a satisfactory
sexual response.

Based on the etiologic diagnosis, biologic, psy-
chogenic/relational, or combined treatment by the
healthcare provider may be required. Referral to, or
collaboration with specialists may be indicated:
• HT, systemic or topical, with or without 
androgens.
• Hypoprolactinemic drug, if high prolactin was 
diagnosed.
• Thyroxine, if hypothyroidism was diagnosed.
• Low-dose antidepressant, if a mood disorder is 
a co-factor (bupropion seems to offer better 
results) [13].
• Better glycemic control, in diabetic women.
• Checking and modification of drugs potentially
causing iatrogenic loss of libido, such as levosulpiri-
de, because of its hyperprolactinemic effect.
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• Lifestyle improvement: smoking and alcohol re-
duction, weight control and regular physical exer-
cise to improve body image and mood, better diet,
sleep improvement to restore vital energy.
• Appropriate counseling and medical support in all
patients suffering from a persistent low sexual desire
after a serious or chronic illness.
• Treatment of any FSD co-morbidity, particularly
with aversion disorder, vaginismus and/or dyspare-
unia, with accurate address of pelvic-floor related 
issues, or orgasmic disorder that would maintain 
low or absent sexual motivation to intimacy unless
appropriately treated.
Optimal referral includes:
• the uroandrologist, when the loss of desire appears
to be secondary to a male sexual problem;
• the couple therapist when the desire disorder re-
flects relational problems;
• the psychiatrist: (1) if low desire reflects develop-
ment traumas such as child abuse or parental loss.
Women who have conflict with intimacy or about
sexuality should be referred for psychotherapy; (2) if
the woman is found to have an underlying psychi-
atric disorder such as major depressive disorder or
generalized anxiety disorder.
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Physical intimacy in a relationship is a dynamic
process in which sexual motivation is the willingness
to behave sexually with a partner [1]. This intimacy
can be perceived as frightening, and can increase
anxiety for some women to an overwhelming point
of sexual avoidance [2]. Sexual desire and arousal is
complex in women [3] and many factors can cause or
contribute to sexual aversion disorder (SAD).

Sexual aversion may have a prominent involuntary
neurovegetative basis, which is accompanied by 
symptoms and signs of anxiety-evoked sympathetic
arousal. Or it may have a prevalent cognitive, volun-
tary motivation, when the woman perceives her 
exposure to sexual intimacy as frustrating and/or 
increasing her sense of sexual inadequacy.

Both components may be present in the individual
woman. However, the term aversion is more perti-
nent to the phobic attitude, while avoidance better
describes the voluntary motivation in the choice of
non-exposing oneself to sexual intimacy. Although
frequently used interchangeably, they are not com-
pletely overlapping in meaning, nor in underlying
pathophysiology.

Personal and family history can influence a
woman’s ability to be intimate and to perceive this
intimacy as a factor of vulnerability [1]. A family his-
tory of anxiety disorders and phobias is frequent [2].
Health conditions, such as diabetes mellitus, breast
cancer, and hyperprolactinemia, to name a few
[4–6], can also contribute to sexual avoidance, with
different pathophysiologic mechanisms. Instances of
female genital cutting or circumcision may cause
women not to feel physical pleasure in sexual inti-
macy and thus to want to avoid it [7,8]. Religious and
cultural expectations regarding women’s sexuality
can influence women to inhibit their sexual desire

and pleasure [9], and thus want to avoid physical in-
timacy. Aging and body image frequently play a sig-
nificant role in women’s ability to enjoy sexual
pleasure [10,11]. The personal (and interpersonal)
distress caused by this disorder can create a rift in the
intimacy of the relationship and influence one 
member’s decision to seek treatment. In the early
days of sex therapy, women presenting with these
symptoms and this disorder were referred to as
“frigid” or “sexually unresponsive” [12].

Definition

Defined as “severe anxiety or disgust at the thought
of sexual activity” [3, p.30], sexual aversion disorder
has many, often interrelated, causes. Incest, molesta-
tion, rape, and psychologic abuse, are often factors
resulting in a woman developing complete a avoid-
ance of physical intimacy and revulsion at the
thought of sexual touch [13]. This anxiety can be se-
vere enough to result in phobic and fear responses
associated with dramatic physiologic symptoms
[14].

By definition, sexual aversion disorder (SAD)
specifically describes the clinical picture that corre-
lates with a neurobiologically-based neurovegeta-
tive arousal with phobic characteristics, focused on
or elicited by a sexual stimulus or context, which
causes personal distress. It is not uncommon to see 
patients suffering from SAD who over time may 
develop post-traumatic stress disorder (PTSD) symp-
toms, with hypervigilance, flashbacks, and panic 
attacks evoked by recurrent exposure to sexual 
stimuli. This co-morbidity can be emotionally dis-
turbing and further distressing to the patient and her
partner.
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Prevalence

This disorder is frequently a component of other 
diagnostic disorders, especially anxiety-based disor-
ders. Hutchings and Dutton [15] demonstrated that
75% of sexually abused women had anxiety disor-
ders, versus 21% of non-abused women with anxi-
ety disorders. Another study by Dinwiddie et al. [16]
demonstrated that the incidence of twins—either
one or both—being sexually abused and developing
any psychopathology over their lifetime was signifi-
cantly increased when compared to non-twins and
their psychopathology. The incidence of increased
panic disorder was one of the most strongly correlat-
ed psychopathologies to childhood trauma or sexual
abuse [16–18]. This hypothesis was initially linked to
sexual aversion disorder by Kaplan [2] when she dis-
cussed clinical perspectives of intimacy and panic
disorders.

Pathophysiology

The neurobiology of sexual aversion disorder is quite
similar to that of other anxiety-based disorders,
whether phobic or not. The sympathetic system ini-
tiates the fight or flight response, causing the in-
crease in epinephrine and norepinephrine to be
released from the sympathetic nerve endings in the
adrenal glands. This triggers a response in the brain
to initiate neurotransmitter responses releasing hor-
mones to respond to this anxious feeling; the sexual
hormones, such as estrogen and adrenal androgens,
are reduced due to increased stress [20].

From a psychosexual perspective, women avoid-
ing sexual intimacy could be described as having
“emotional claustrophobia” [2]. Panic attacks can
cause the increase in anticipatory anxiety. This 
escalating anxiety could be the result of genetic pre-
disposition or memory of a traumatic event [2]. For
example, childhood trauma could cause the individ-
ual to have depersonalization/derealization or disso-
ciative symptoms in panic disorders [18]. Also, the
woman’s sexual aversion disorder may not be dis-
closed or dealt with until her partner seeks treatment
for his sexual dysfunction.

Co-morbidity with hypoactive sexual desire disor-
der (HSSD) is frequent in women with SAD. The

pathophysiology of this co-morbidity is rooted in
both the neurobiology of basic emotions contribut-
ing to and modulating sexual desire, and to psycho-
sexual factors that may act as predisposing or
precipitating factors for both conditions (see Chapter
21) [21].

Clinical History

Patient issues
Women with a history of sexual trauma, such as mo-
lestation, incest or rape, tend to develop inappropri-
ate sexual behaviors [13]: some will act out with
hypersexuality—the opposite of sexual aversion dis-
order, and others will act out with sexual aversion
disorder. Many have post-traumatic stress disorder
(PTSD) symptoms and sexual avoidance from the
experience. Frequently, symptoms of PTSD include
increased anxiety, hypervigilance, flashbacks, and
avoidance of “cues” from the traumatic event [14].
Clinicians should inquire about a woman’s sex history, in-
cluding childhood sexual exploration with such questions
as “When was the first time you were aware of your body
parts?” “Were you given any special names for your genital
area?” “Did you ever play Dr with a family member or
neighbor—what were your feelings about this experi-
ence?”. It is best to address it “as if” they have already had
this experience, because that is a more permission-giving
and accepting method to discuss this delicate topic.

Women experiencing genital cutting, whether in-
fibulation or clitoral circumcision and excision, can
also have traumatic memories associated with their
sexuality. It can also cause them to have difficulty re-
ceiving any physical pleasure from sexual intimacy
[7,8], and thus want to avoid sexual intimacy. This
procedure of female genital cutting is done on female
infants within the first year or in the peripuberal
years as a “rite of passage” for young women [9] (see
Chapter 26). If a woman is from another culture, such as
Africa, there is a strong likelihood that she may have either
experienced genital cutting or witnessed it—which could
also be traumatic for her. Again, address it as if it has hap-
pened and then she can correct your assumptions, rather
than probing and waiting for her to offer this information.

Health conditions can play a role in women’s sex-
ual avoidance due to physiologic changes with the
disease, biochemical and neurologic changes due to
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the disease or treatment chosen, and psychologic or
emotional changes due to the nature of the disease or
disorder. Women who have treatment for breast
cancer often report a decrease in sexual function [5],
which can result in voluntary avoidance of sexual 
intimacy. Depending on the treatment choice this
could be caused by a change in body image due to a
mastectomy, to lymphedema, or due to lack of sen-
sual response resulting from surgery, from the iatro-
genic menopause secondary to chemotherapy, and
or other treatment options [21] (see Chapter 26). 
Diabetes mellitus can cause women to have de-
creased genital sensation and lubrication and 
thus lead to female sexual disorders and eventu-
ally sexual avoidance. Neither age, duration of dia-
betes, glycemic control, nor complications, predict
the extent of sexual disorders in women [4]. How-
ever, age is an independent predictor of sexual dis-
orders. Psychotropic medications, especially the
serotonin-specific reuptake inhibitors (SSRIs), tend
to influence tactile sensation and decrease orgasmic
response [19]. The decrease or even delay in orgas-
mic response can cause women to avoid sexual inti-
macy because it becomes unpredictable and requires
a frustratingly longer sex-play. Frequently, if the clini-
cian is empathic and understanding of the woman’s vari-
ous health conditions, it is easier for her to talk about 
her loss of intimacy and closeness, and to open the hope and
possibility of treatment.

Religious beliefs can influence women’s ability to
enjoy sexual intimacy. Some religious doctrines do
not allow women to experience their sexuality with
pleasure and prefer to focus on rigid role expecta-
tions about sexual intimacy, which creates the “sex
for procreation not recreation” mindset [9]. It is clear
that if a woman has guilt about enjoying her sexual
pleasure, which goes against her religious beliefs, she
will also experience high levels of anxiety and this
can cause unsatisfactory physical symptoms result-
ing in sexual avoidance.

Partner-related issues
Aging and body image can have an impact on sexual
function and levels of sexual desire or avoidance.
Many older adults may have rigid expectations
about their sexuality. Some may experience prob-
lems with their partner’s physical and psychologic

state, their body image, health conditions, psycho-
logic well-being and social, cultural or religious be-
liefs, as well as levels of personal hygiene [10]. These
partner-related conditions can cause various degrees
of sexual function and disorders, and can lead to 
sexual aversion or avoidance. For older women, the
most significant influences on their levels of sexual
desire were attitudes about sexuality, including age,
importance of sex, and education [11]. It is common
for women to cease sexual interest and intimacy
when their partner is experiencing a sexual difficul-
ty, such as erectile dysfunction [11]. The anxiety
caused by the vulnerability of physical intimacy can
make some women very uncomfortable with their
sexuality due to real or perceived body image prob-
lems, especially due to aging, health treatments, or
eating disorders. Some women see themselves as
“physically unattractive” without their clothes on
and thus avoid all aspects of sexual intimacy.

Sexual function and disorders are dynamic 
phenomena and reciprocal events. When women
experience sexual aversion disorder, avoidance of
physical intimacy can impact the quality of the rela-
tionship. With discrepancies of desire, one person in
the relationship can get angry and act out against the
other in non-sexual ways, creating a power struggle
within the relationship. This can then set up the
woman to use sex as her power in the relationship
and to completely avoid physical contact with her
partner. It is not uncommon for couples to learn
about the power of sex in the relationship and how to
use it in their favor or against their partner [1]. Fre-
quently, people in a sexual relationship confuse
emotional intimacy with physical intimacy. Within
the power dynamics of an intimate relationship, sex-
ual aversion disorder can be the result of some deep
psychologic event or belief within the woman, a
physical condition of the woman or her partner, or a
perceptual problem within the relationship. Regard-
less of the etiology, it can create a wedge within the
relationship and become a source of distress for the
woman and/or her partner. Clinicians need to address
the sexual history with the couple together and separately.
Frequently, one person may reveal perspectives and experi-
ences that may not come out in the conjoint session. Espe-
cially, if one person is really not turned on by the other for
many reasons, it may be difficult to address this in front of
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their partner and yet it may have a profound impact on the
woman’s ability to engage in physical intimacy.

Clinical Evaluation

It is important to obtain a thorough history from the
woman and her partner. She may need to have some
of this information taken privately once she feels safe
with the clinician. For trauma survivors, it may take
some time for the patient to build a level of trust and
safety, in order to disclose deep personal and often
shameful memories. When a patient has a medical
etiology for their sexual aversion disorder or
avoidant attitude, it may be more straightforward.
However, the clinician needs to be mindful of the po-
tential for secondary gain for keeping the problem.
The clinician needs to be empathic and supportive of
the patient to build the therapeutic rapport. Physical
examination may be indicated when body image-re-
lated issues and/or negatively perceived outcomes of
breast or genital surgery contribute to sexual avoid-
ance (see Chapters 20 and 26).

Treatment

Integrative treatment
When available it has been shown that working in a
collaborative manner can provide the most effective
treatment choice because it involves both members
of the relationship, and a sexual health professional
team, which may include a physician, psychologist,
sex therapist, or physical therapist, all working to-
gether for the benefit of the patient and her partner.

Medical
Depending on the etiology of the sexual aversion dis-
order, the medical treatment could include using
drugs that reduce the phobic arousal, or changing
medications. Corrective surgery may be indicated
when sexual avoidance is based on body image is-
sues or is secondary to negative outcomes of surgery
or genital mutilation. Women who have had genital
cutting may experience many complications to their
urogenital functioning and need corrective surgery.
Women who have had a mastectomy may need
breast reconstruction to restore the visual compo-
nent of their body image. However, loss of breast tac-

tile and nipple erotic perception, which is total after
mastectomy and partial after quadrantectomy, may
remain a major issue in maintaining a breast-focused
sexual avoidance [22].

Psychologic
Couples therapy including communication, rela-
tionship, and negotiation skills, cognitive-behavior
sex therapy with systematic desensitization and 
relaxation skills as a focal component, and group
therapy to teach sexual function skills, would be 
included.
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Definitions

Arousal
Definitions of sexual arousal have in the past focused
solely on the physiologic aspect of genital arousal, i.e.
genital vasocongestion, lubrication, tingling, as well
as erection of the nipples and flushing of the skin, as
introduced by the largely phenomenologic and ob-
jective descriptions by Dickinson [1], Kinsey [2], and
Masters and Johnson [3].

However, in the clinical setting, some women very
often relate arousal to the subjective feeling of being
“turned on” more than the physiologic response, 
including vaginal lubrication, genital tingling, and
warmth. As such, there is a discrepancy between
what has been defined as sexual arousal in many
studies and what women may perceive as sexual
arousal. In the clinical setting women with decreased
lubrication will typically complain of vaginal dryness
or discomfort with intercourse and, when referring
to a lack of arousal, the complaints will more likely be
about the lack of subjective excitement in her mind
[4]. This discrepancy was emphasized in the Second
International Consultation on Sexual Medicine
(2003), which suggested a theoretic model including
the genital response as well as the subjective
response [5]. Studies are being conducted to pro-
vide more empirical evidence for the definitions
proposed [6,7].

Arousal disorder
Definitions of female sexual arousal disorder (FSAD)
have undergone significant changes. In the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-IV)
FSAD was defined as: “Persistent or recurrent inability to
attain, or to maintain until completion of the sexual activ-
ity, an adequate lubrication-swelling response to sexual

excitement. The disturbance causes marked distress or in-
terpersonal difficulty. The sexual dysfunction is not better
accounted for by another AXIS I disorder (except another
sexual dysfunction) and is not due to the direct physiologi-
cal effects of substance abuse or a general medical
condition” [8].

The consensus conference 2000 defined FSAD as
“the persistent or recurrent inability to attain or maintain
sufficient sexual excitement, causing personal distress,
which may be expressed as lack of subjective excitement, or
genital (lubrication/swelling) or other somatic responses”
[9, p. 890].

The Second International Consultation on Sexual
Medicine (2003) made considerable changes in the
definition of FSAD based on the observation that
subjective arousal does not always correlate strongly
with genital congestion [10]. This resulted in a sub-
division of FSAD into three categories: subjective,
genital, and combined.

Subjective 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” [11, p. 982].

Genital sexual arousal disorder
“Complaints of absent or impaired genital sexual arousal.
Self-report may include minimal vulval swelling or vagi-
nal lubrication from any type of sexual stimulation and 
reduced sexual sensations from caressing genitalia. Subjec-
tive sexual excitement still occurs from non-genital sexual
stimuli” [11, p. 982].

Combined genital and subjective arousal disorder
“Absence of or markedly diminished feelings of sexual
arousal (sexual excitement and sexual pleasure) from 
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any type of sexual stimulation as well as complaints of 
absent or impaired genital sexual arousal (vulval swelling,
lubrication)” [11, p. 982].

Persistent sexual arousal disorder
With the 2003 consensus a new category of female
arousal disorder was described and recommended
for inclusion in the diagnostic system, namely per-
sistent sexual arousal disorder (PSAD) [11]. It is de-
fined as: “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 ore more orgasms, and the
feelings of arousal persist for hours or days” [11, p. 982].
(PSAD will be discussed at the end of this chapter.)

For all definitions, FSAD can be divided into primary
arousal problems, meaning that the woman has
never experienced sufficient arousal despite suffi-
cient desire and sexual stimulation, and secondary
arousal disorder, in which the woman experiences
decreased arousal but has previously been able to be-
come aroused. The secondary arousal disorder can
be generalized (it appears in all sexual situations) or
situational (it only appears in some situations).

It is considered to be a disorder only if the woman
is distressed by the problem [5], and assessment of
relative distress is recommended as a part of the diag-
nosis. Furthermore, the degree of subjective distress
may have implications for treatment motivation
and, in the end, treatment outcome [12].

At the present time, the DSM-IV or the first 
consensus report are the most widely accepted classi-
fications. The revised definitions remain recommen-
dations as they have not been included into the DSM
or World Health Organization’s International Classifi-
cation of Disease (ICD-10). There is an ongoing evolve-
ment of definitions of sexual disorders based on
research and clinical data. The revised definitions
provide greater specificity and refinement of the vari-
ety of sexual arousal disorders. These more specific
and detailed diagnoses may be included in future 
diagnostic systems. Clinical studies are being con-
ducted to obtain more empirical evidence for the 
definitions proposed. In the meantime, it is hoped
that the new definitions will be helpful in the clinical 
diagnosis and treatment of arousal disorders.

Prevalence

The prevalence of FSAD is based on the conventional
definitions of arousal, namely genital measures—
mostly lubrication. As such, most epidemiologic re-
search has focused on the genital arousal disorder.
Furthermore, many epidemiologic investigations
have not included the distress factor in their investi-
gations, making it difficult to give accurate estimates
on how large the problem really is. The epidemiolog-
ic investigations of the prevalence of arousal prob-
lems show considerable differences between the
different investigations, ranging overall from 6% up
to 49% of the women who were asked, with a
majority of prevalence ranging between 13% and
24% [13–19]. Two studies have demonstrated that
the prevalence of FSAD is increased with increasing
age, peaking after the age of 50 years [18,20]. 
In a Swedish study it was found that, in women aged
50 or more, approximately 25% complained of
lubrication problems, while 6–11% of women 
aged 18–49 experienced lubrication problems 
[18].

Pathophysiology

Biologic factors
As described in Chapter 19, lubrication and genital
congestion rely on intact nerve mediation and vas-
cular function, as well as the hormonal milieu,
which is crucial for a moistened vagina. Therefore,
disruptions to any of these parameters may result in
impaired genital arousal response.

An estrogenized milieu is strongly correlated with
the ability to lubricate, and genital arousal disorders
are therefore correlated to the menopausal transi-
tion [21–23]. Furthermore, genital arousal disorder
may be associated with medical diseases (for exam-
ple, neurologic conditions affecting the autonomic
nervous system, diabetes mellitus with neuropathy
and vascular complications) and medical therapies
(for example, surgical procedures or radiation dam-
aging tissue structures and autonomic nerves and
vessels). Recurrent urinary tract infections also af-
fect the arousal response as well as recurrent vaginal
infections, which create irritation, pain, and de-
creased lubrication.
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Psychosocial and context-dependent
factors
Many factors may influence a woman’s arousal, both
genital and subjective:
• Lack of desire.
• Sexual inhibition.
• Lack of awareness of genital responses.
• Anxiety, fear, lack of energy.
• Lack of intimacy or sufficient sexual stimulation.
• Partner’s sexual problems.
• Contextual factor, which may be past, current, or
medical (for example, life situation, negative up-
bringing, losses, trauma, risk of unwanted preg-
nancy or of STI, lack of privacy, the situation is
inappropriate, time of day, interpersonal problems,
substance abuse).

Clinical Approach

Loss of arousal is multifactorial and might be caused
by biologic, motivational, relational, and cognitive

factors. A thorough medical and sexologic history
and a medical examination is therefore of great im-
portance when evaluating the women (as described
in Chapter 20). Focus should be on biologic, sexo-
logic, psychologic, and relational factors, as well as
predisposing, precipitating, and maintaining factors.
Finally, the degree of distress should be evaluated.
Table 23.1 contains suggestions for questions that
can be helpful in initiating assessment of the 
problem.

Sexologic history
What type of arousal disorder does she have?
• Is she mentally sexual excited from, for 
example:

— reading, viewing, hearing erotica?
— stimulating the partner?
— receiving sexual stimulation to non-genital and
genital areas?
— deliberate sexual fantasy or recall of sexual
memories?

Table 23.1 Questions of importance when evaluating women with sexual arousal disorder.

1 Can you describe your problem in your own words?
— When she describes the problems ask clarifying question in order to find out whether it is the primary problem or

secondary to other sexual disorders. Arousal disorders are very often secondary to desire disorders.

2 Has the problem always been there?
— If yes, check psychosexual and relational factors first and awareness/lack of awareness of signs of genital arousal.
— If not, ask when it appeared and what—in the patient’s opinion—might have triggered the problem. Did it come slowly

or suddenly?

3 Are you sexually active? With or without a partner?
— If she is regularly sexually active, is she pleased with the activity? Are there differences in her response?
— Does she enjoy intercourse?
— Does she masturbate? If yes, is the problem also present when she masturbates?

4 Is the problem limited to your partner and/or to a special context or situation?
— If yes, check relational and contextual factors.
— If no, and the problem is generalized, check personal psychosexual factors and biologic factors.

5 Does your partner have a sexual problem?
— For example, erectile dysfunction, desire problem, orgasm problem, or rapid or delayed ejaculation? Be aware that she

can be the “carrier” of the partner’s sexual dysfunction.

6 What does the problem mean to you?
— To estimate the degree of distress. Does it lead to frustration, guilt, shame or other feelings?

7 What does the problem mean to your partner?
— What does it mean for the relationship?
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• Direct awareness of genital congestion:
— tingling, pulsing, throbbing in response to the
above stimuli, vaginal lubrication?

• Indirect evidence of genital congestion:
— progressively intense sexual sensation from di-
rect massaging of vulval structures with her or
partner’s fingers, partner’s body, oral stimulation,
dildo, penile-vulval contact?

• Is there co-morbidity with other sexual disorders?
— Is there a desire problem, a pain problem, or an
orgasm problem?
— What came first? Is the arousal problem sec-
ondary to other sexual problems or the primary
problem?

• Is she distressed by the condition? [5]
Figure 23.1 is a diagnostic algorithm for sexual
arousal disorders.

Psychologic and relational history
• Cognitive and affective evaluation:

— Clarify her thoughts: is she feeling distracted,
feeling tired, feeling sexually substandard, wor-
ried that the outcome would be negative, unsafe
situation (pregnancy, STIs), feeling used, not
being considered, unhappy about their sexual 
intimacy/practices?
— Clarify her emotions: is there sadness, embar-
rassment, guilt, awkwardness, displeasure?

• Relational evaluation:

— Does the partner have a sexual dysfunction?
(erectile dysfunction, low desire, rapid or delayed
ejaculation or orgasmic disorders)
— Is she attracted to her partner? Are there rela-
tional problems? (e.g. Is she disturbed by inade-
quacy of his personal hygiene, is there conflict,
aggressiveness, abuse, or limited privacy?)
[5,24,25]

Medical and gynecologic history
• Menstrual cycle, menopause (natural or surgical),
pregnancy/breastfeeding:

— related to menstrual irregularities, breastfeed-
ing, the menopause, or oral contraceptives?
— gynecologic and obstetric history?

• Somatic problems: Does she have any disease
known to predispose to lubrication problems?

— diabetes, recurrent lower urinary tract infec-
tions, recurrent vaginal infections, neurologic dis-
eases (multiple sclerosis, neuropathies, Sjögren’s
syndrome)?

• Iatrogenic causes:
— surgical procedures in the genital area, the
pelvis or lower abdomen with damage of the 
genitalia as well as vasculature or nerves, for ex-
ample, hysterectomy, pelvic cancer, episiotomy/
rraphy with retracted/painful scarring?
— radiation therapy of the pelvic/genital area?

• Psychiatric diseases that may influence the arousal
response:

— phobias, anxiety, depression?
• Medication that may affect lubrication and/or de-
sire? (see Chapter 26)

Physical examination
A general physical examination is highly recom-
mended and can be directed by the medical history
and its outcome. However, a gynecologic examina-
tion is always recommended. For women with geni-
tal arousal disorder, the information will be limited,
as the genitalia are in the non-aroused state, but
vaginal dystrophy suggesting estrogen deficiency 
or rarer conditions can be identified, as described
below. For women with subjective or combined
arousal disorders, there most likely will be no abnor-
mality. Nevertheless a “normal” examination can be
highly informative for the woman [5,26].

Stimuli that allow subjective excitement?

Awareness 
of lubrication?

Subjective sexual 
arousal disorder

Combined sexual 
arousal disorder

Genital arousal 
disorder

No subjective response Many, but no
genital response

NoYes

Fig. 23.1 Diagnostic algorithm for assessment of arousal
disorder. Adapted with permission from [11].
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The gynecologic examination should focus on:
• Inspection of vulvar anatomy. Are there any
changes or abnormalities?

— For example, signs of inflammation, poor out-
come of pelvic or perineal surgery, signs of lichen
sclerosus or lichen planus, as well as involution or
conglutination of the clitoris?
— Skin colour and quality. Is the skin thin and 
dry, or pink, supple and elastic? Are there 
fissures, eczema, papules, pustules, vesicles, or 
ulcerations?
— Does the vaginal mucosa appear estrogenized
and moistened or does it appear atrophic with in-
flammation, fissures, erosions, and ulcers?
— Does the speculum examination show signs of
atrophy (e.g. petechiae or atrophy discharge)?

• Palpation:
— Signs of myogenic or referred pain, or associat-
ed urogenital and rectal pain? If the woman expe-
riences pain, the pain map should be identified as
described in Chapter 25. Pain is a strong reflex in-
hibitor of lubrication and therefore an important
point to investigate.
— Pelvic floor trophism, muscular tone and
strength?
— Scarring?

• Sampling:
— Determination of pH, which gives indirect evi-
dence of tissue estrogen level and related vaginal
ecosystems.
— Sampling and culture of discharge when infec-
tion is suspected.

Laboratory tests
Laboratory tests may be directed by relevant symp-
toms or findings in the general medical assessment. If
low desire is co-morbid or suspected as the reason for
low arousal (genital as well as subjective or com-
bined), measuring testosterone status is recom-
mended (including free testosterone).

Plasma levels of estrogens can give information on
the endocrine component of arousal disorder and
the menopausal status (see also Chapter 27). How-
ever, plasma levels are not sufficient indicators of 
the experienced degree of vaginal dryness [27]. 
Prolactin levels should be checked if there is co-
morbidity with marked oligomenorrhea or amenor-

rhea, and/or if bilateral breast milky discharge is pre-
sent (not related to lactation). If the clinical history or
objective findings suggest hypothyroidism, TSH
should be evaluated.

Investigational tests
Vaginal plethysmography may be used to quantify
the hemodynamic changes with female sexual
arousal. The everyday use of the method in clinical
work is questionable. This is due to the lack of a true
baseline, the limited number of studies comparing
women with disorders and functional women, and
the difficulties in drawing conclusions on findings
from one measurement. Furthermore, several stud-
ies have not found a correlation between the subjec-
tive report of arousal and the objective measured by
the method [6,28]. As such the method is at the pre-
sent time mostly investigational.

Duplex doppler ultrasound can be used to mea-
sure changes in the clitoral, vaginal, labial, and ure-
thral blood flow; for example, it can be measured
before and after sexual stimulation. Use of this
method as a standard part of the evaluation is uncer-
tain as larger studies still need to be conducted to
identify cut-off values, normative data, correlation
between disorder and objective parameters, as well
as correlation between subjective and objective data.
In the future it may have a role in diagnosis, for ex-
ample, in women with atherosclerotic changes lead-
ing to genital arousal problems [28–30].

Principles of Treatment of Sexual
Arousal Disorder

If possible, treatment should be based on the 
etiologic diagnosis directed toward biologic, 
psychologic/relational or combined factors. In the
clinical situation, arousal disorder is often combined
with desire and/or orgasmic disorders, and a more
integrative treatment will then focus on the other
disorders that may lead to arousal disorder (see also
Chapters 21, 24, and 25). Furthermore, different
treatment modalities should be chosen depending
upon the type of arousal disorder.

Women with subjective or combined arousal dis-
order may benefit from a treatment focusing on
awareness of genital responses and becoming 
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subjectively aroused. The techniques that can be
used are cognitive-behavioral techniques and/or
traditional sex-therapy with sensate focus or psy-
chodynamic treatment. Women with genital arousal
disorder may benefit from pharmacologic treatment
enhancing genital congestion and lubrication.

Non-pharmacologic treatment of arousal
disorder
There are no published outcome studies describing
psychologic treatment of arousal disorders in
women [5,7].

Pharmacologic treatment of arousal
disorder
Pharmacologic treatment can be hormonal and 
non-hormonal.

Hormonal treatment
For women who are estrogen-deficient, several
studies have shown that local or systemic estrogens
may improve vaginal lubrication and decrease vagi-
nal irritation and dryness.

A Cochrane review showed that local estrogen in
women with vaginal atrophy had a positive effect on
dryness and dyspareunia, no matter how the local
estrogens were applied (creams, tablets, vaginal ring,
or pessaries) compared to placebo when given regu-
larly and continuously [31].

Systemic treatment with estrogens without or
with progesterones has been shown to decrease
vaginal dryness, irritation, and pain compared to
placebo in surgical and natural postmenopausal
women, although a large interpatient variability has
been observed [32–34]. As discussed in Chapter 27,
the latest knowledge on adverse events related 
to long-term hormone therapy (HT) after the
menopause has changed the recommendations on
how and for how long HT should be used. It is there-
fore important to individualize recommendations
and treatment of women with arousal problems who
may benefit from HT. If HT is recommended for sex-
ual problems and there is no effect, it should also be
considered whether it should be continued. For
more discussion see Chapter 27.

Tibolone is a synthetic steroid with estrogen, prog-
esterone, and some androgenic effect. In one large

study it has been demonstrated to improve lubrica-
tion, but it is doubtful whether the effect on lubrica-
tion is better than estrogen substitution. However, as
tibolone has a weak androgenic effect, it may be a
choice for women with decreased desire and arousal,
although larger-scale studies are still needed
[35–37].

Non-hormonal treatment
At the time of writing (January 2006) there are no
approved non-hormonal pharmacologic treatments
for arousal disorders.

The success of vasoactive agents (PDE-5 inhi-
bitors) in the treatment of male sexual arousal dys-
function (erectile dysfunction) has encouraged the
search for vasoactive agents that enhance women’s
genital congestion and vaginal lubrication. How-
ever, the results until today are limited and are main-
ly on postmenopausal women. The explanation is
most likely that there is a lack of recognition of the
need to distinguish between genital arousal and sub-
jective arousal; women may have impaired genital
congestion that can be reversed by drugs, but they
not necessarily identify this as decreased arousal.

Sildenafil has been investigated in several studies
for treatment of female sexual problems. In a few
studies of women identified with arousal disorder,
benefit has been shown; however, in women with
hypoactive desire disorder there is limited effect. As
such, sildenafil (and other phosphodiesterase in-
hibitors) may be beneficial in specific groups of
women with genital arousal disorder who recognize
the effect on vasocongestion [6,38–40].

Local lubricants applied intravaginally can be use-
ful for women with genital arousal disorder and are
often used in the clinical setting. Oil-based lubricants
should not be used with latex products that are being
used for birth control (such as the male condom) or
for safer sex (such as a dental dam or male condom).
The latex will be destroyed by oil-based products and
will not be effective.

The EROS-CTD device (clitoral therapy device)
has been approved by the FDA as therapy for FSD.
The EROS-CTD is a small, battery-powered device
designed to enhance clitoral engorgement and in-
crease blood flow to the clitoris and vascular re-
sponse. Only a few, small, non-controlled studies
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exist on the effect and no data exist on the long-term
effect [41–44].

Conclusion

Arousal disorders with impaired arousal response
can be defined as genital, subjective, or combined
arousal disorder. The prevalence varies and is in-
creased with increasing age, especially at the time of
menopause. Arousal disorders are often co-morbid
with desire disorder or orgasm and pain disorders. 
In the evaluation, a thorough sexologic history as
well as medical and gynecologic history and exami-
nation should be carried out. Treatment should be
based on type of arousal disorder and clinical find-
ings. PDE-5 inhibitors and HT may be of benefit if
there is genital arousal disorder. Women with sub-
jective or combined arousal disorder may benefit
from a treatment focusing on awareness of genital
responses and becoming subjectively aroused. The
techniques that can be used are cognitive-behavioral
techniques, traditional sex-therapy with sensate
focus, or psychodynamic treatment and vaginal 
lubricants.

Persistent Sexual Arousal Disorder

PSAD is a poorly documented condition character-
ized by persistent genital arousal in the absence of
conscious feeling of sexual desire, which has recent-
ly been included as a provisional diagnosis [10]. The
literature on PSAD is limited and is mainly based on
case reports.

Prevalence
The prevalence of PSAD is unknown.

Pathophysiology
To date the pathophysiology is unknown and no 
obvious hormonal, vascular, neurologic, or psycho-
logic causes have been identified. However, the
major etiologic hypothesis are: (1) central neuro-
logic changes; (2) peripheral neurologic changes; (3)
vascular changes; (4) mechanical pressure against
genital structures; (5) medication-induced changes;
(6) psychologic changes, or combinations of all five
[45–47].

Clinical approach
As very little is known about the condition, it is diffi-
cult to give clear guidelines for the clinical approach.
As women may be very embarrassed by the condi-
tion, it is important that the physician is aware 
of it and we recommend a medical and gynecologic
history and examination, as described above for 
decreased arousal disorder. Many women may 
benefit from realizing that they are not alone with
the symptoms and can be referred to a website
(www.twshf.org).

If the condition is caused by abnormal clitoral
blood flow, a duplex ultrasound may help identify-
ing this [45].

Principle of treatment
As no single cause for PSAD has been identified and
there is a lack of substantial experience with treat-
ment, no single treatment can be recommended
[48].

Conclusion
PSAD is a poorly documented condition with un-
known prevalence and etiology. No accepted 
treatment can be recommended. In the clinical 
evaluation it is important to be aware of the condi-
tion, to perform a thorough medical and gynecologic
examination, to help the woman to feel that she is
not alone with this condition.
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Definitions

Orgasm
There are many definitions of orgasm, from Ford and
Beach [1], through Kinsey [2], Masters and Johnson
[3,4], Kothari [5], and others, to the Second Interna-
tional Consultation on Sexual Medicine, held in
Paris in July 2003. Most of these definitions address
subjective sensations and pelvic muscle contrac-
tions. Members of the Paris consultation offer the
following definition of women’s orgasm: “An orgasm
in the human female is a variable, transient peak sensation
of intense pleasure creating an altered state of consciousness
usually with an initiation accompanied by involuntary,
rhythmic contractions of the pelvic striated circumvaginal
musculature often with concomitant uterine and anal con-
tractions and mytonia that resolves the sexually-induced
vasocongestion (sometimes only partially) and myotonia
usually with an induction of well-being and contentment”
[6, p. 66].

None of these definitions account for the report of
orgasms experienced from imagery alone, or in
women with complete spinal cord injury. A more
comprehensive definition of orgasm would be 
“Orgasm is a peak intensity of excitement generated by: (a)
afferent and re-afferent stimulation from visceral and/or
somatic sensory receptors activated exogenously and/or en-
dogenously, and/or (b) higher-order cognitive processes,
followed by a release and resolution (decrease) of
excitation” [7, p. 71]. By this definition, orgasm 
is characteristic of, but not restricted to, the genital
system.

Orgasmic disorder
The First International Consensus panel in 1998 de-
fined orgasmic disorder as “the persistent or recurrent

difficulty, delay in or absence of attaining orgasm following
sufficient sexual stimulation and arousal, which causes
personal distress” [8, p. 890]. We prefer to use the
word “experiencing” orgasm rather than “attaining”
orgasm, because experiencing does not connote 
sexual response in women as being linear or goal 
oriented.

In the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-IV-TR), female orgasmic disorder is de-
fined as: “Persistent or recurrent delay in, or absence of,
orgasm following a normal sexual excitement phase.
Women exhibit wide variability in the type or intensity of
stimulation that triggers orgasm. The diagnosis of Female
Orgasmic Disorder should be based on the clinician’s judg-
ment that the woman’s orgasmic capacity is less than would
be reasonable for her age, sexual experience, and the ade-
quacy of sexual stimulation she receives” [9(302.73)].

The Second International Consultation on Sexual
Medicine defined women’s orgasmic disorder as “De-
spite 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” [10, p. 10]. This panel developed
the new definition because the old definitions 
ignored the criterion of high or adequate sexual
arousal. This current definition incorporates the cri-
terion that the woman has no problem becoming
aroused. It is considered to be a disorder only if the
woman is distressed by the problem [11].

Prevalence

Anorgasmia is a common problem that is reported to
affect an estimated 24–37% of women [12]. In a re-
view of 34 studies, the rates of anorgasmia, orgasmic
difficulty, or orgasmic disorders ranged from below
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20% to as high as 50% [13]. Findings from the Na-
tional Social and Health Life Survey of 1749 US
women suggest that orgasmic problems are the sec-
ond most frequently reported sexual problem in
women. In this random sample, 24% reported a lack
of orgasm in the past year for at least several months
or more [14].

With aging, orgasms may be shorter in duration
and less intense than when a woman was younger
[15]. If sexual arousal is high, none of the data indi-
cate that problems experiencing orgasm increase
with age [16].

Anorgasmia can be divided into primary orgasmic
disorder, in which a woman has never experienced
orgasm through any means of stimulation, and sec-
ondary orgasmic disorder, in which a woman is 
anorgasmic after having been orgasmic. Secondary
anorgasmia can be classified as situational (e.g. when
a woman can experience orgasm via masturbation
but not with a partner) or generalized [11].

Pathophysiology

Biologic
Much of our information about orgasmic disorders
comes from studies of the side effects of pharmacolo-
gic agents, endocrine studies in animal models, and
neurophysiologic studies in laboratory animals. (See
anatomic and physiologic basis of female sexual func-
tion, Chapter 19.) There is no definitive explanation
as to what triggers orgasms in women.

The clitoris has been characterized as the “most
densely innervated part of the human body” [17, 
p. 137]. Most women experience orgasm from stim-
ulation of the clitoris [18], and it has been reported
that all orgasms follow the same reflex pattern [19].
Sipski and colleagues reported the importance 
of an intact sacral reflex in order to experience 
orgasm [20].

However, the most recent studies have demon-
strated that genital self-stimulated orgasm in women
with complete spinal cord injury above the level of
the known genital spinal nerves (pudendal, pelvic,
and hypogastric nerves) activates the same regions
of the brain as orgasm from genital self-stimulation
in women without spinal cord injury. The brain re-
gions that were activated, using fMRI during orgasm

experienced from vaginal-cervical self-stimulation,
include the nucleus tractus solitarii (NTS), hypo-
thalamic paraventricular nucleus, amygdala, hip-
pocampus, cingulated cortex, insula, and nucleus
accumbens [21]. During this study, as the women
began vaginal-cervical self-stimulation there was no
activation in any of the seven brain regions that were
activated at orgasm. The amygdala and other regions
of the basal ganglia were activated after at least two
minutes of cervical self-stimulation, as were the cin-
gulate cortex and insula. The basal ganglia showed
intense activation during orgasm. The two brain re-
gions that became activated during orgasm, but not
before, were the paraventricular nucleus of the 
hypothalamus and the hippocampus [21]. (See Figs
24.1, 24.2, and 24.3.)

It is of interest that, in fMRI studies of the brain,
the amygdala is not activated during imagery-
induced orgasm, but is activated during genital-
induced orgasm in the same subjects [22]. It is 
tempting to speculate, on the basis of this observa-
tion, that the amygdala is therefore closer to having a
genital sensory role, while the hippocampus, accum-
bens, cingulate cortex, and paraventricular nucleus
may have a more cognitive role in orgasm, since their
activation during orgasm does not depend on physi-
cal genital sensory input.

Whipple and Komisaruk postulated the existence
of a sensory pathway that bypassed the spinal cord,
carrying sensory input from the vagina and cervix 
directly to the brain. They postulated this to be the
vagus nerves, based on nerve transactions and tracer
studies in laboratory rats [23]. In women, the senso-
ry vagus nerves carry genital sensory input to the
NTS in the medulla, as documented by PET and fMRI
[21–23].

Orgasm is more than simply a reflex. While it may
incorporate sensory-motor reflex components, it in-
cludes perception, which is not a necessary compo-
nent of true reflexes. It may be triggered by a number
of physical and mental stimuli. It does not even re-
quire direct genital stimulation. As stated above,
mental (imagery-induced) orgasm has been demon-
strated in laboratory conditions [24] and document-
ed with fMRI of the brain [22].

A recent study reported some evidence of a genet-
ic factor playing a minor but significant role in 
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orgasmic response. Based upon a questionnaire
study of “sexual problems” in women in England
who are twins, and comparing identical with frater-
nal twins, the authors concluded that there is a sig-
nificant heritable component for, in their words,
“difficulty reaching orgasm during intercourse.” The
underlying mechanism is unknown [25].

Psychosocial and context-dependent
factors
A number of psychosocial factors have been dis-
cussed in relation to a woman’s ability to experience
orgasm. These include interpersonal and marital dis-
tress, psychologic distress, psychiatric disorders, the
use of antidepressants, especially selective serotonin

Fig. 24.1 Gradual increases in brain
regions activated during cervical self-
stimulation leading up to and during
orgasm. Note that at the start of the
stimulation, none of the seven brain
regions showed activation, whereas at
orgasm each of these seven areas was
activated.

FMRI ACTIVITY DURING CERVICAL SELF-STIM

0-1 min cervical self-stimulation 8901 run2 #1

Fig. 24.2 Functional magnetic
resonance imaging (fMRI) of serial
“sections” through the brain during
cervical self-stimulation.
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reuptake inhibitors (SSRIs), age, education, social
class, and religion [6,11]. However, there are no 
consistent empirical findings that psychosocial 
factors alone differentiate orgasmic from anorgasmic
women [6].

What we do know about some psychosocial fac-
tors is that Laumann et al. found that 87% of women
with an advanced degree reported always or usually
experiencing orgasm during masturbation, com-
pared with 42% of women with a high-school edu-
cation [14]. There is no significant relation between
education level and orgasmic ability with a partner
[26]. Laumann and colleagues also found a negative
relation between experiencing orgasm and high reli-
giosity. That is, 79% of women with no religious 
affiliation reporting experiencing orgasm during
masturbation, compared with 53–67% of those hav-
ing an affiliation with religious groups [14].

In a review article, Mah and Binik reported that
orgasm consistency, quality, and satisfaction in
women have been related to relationship factors,
such as marital satisfaction, marital adjustment, hap-
piness, and stability [27].

Orgasm and orgasm through vaginal intercourse
may be learned rather than a natural biologic act,
and may have cross-cultural influences. There are
cultures in which sexual pleasure has a high value

and women are taught to be orgasmic and often
multi-orgasmic [28,29]. In some cultures, women
are taught to experience female ejaculation, such as
the Batoro of Uganda [30]. Other cultures assume
that women have no pleasure from vaginal inter-
course and that orgasm for women does not exist,
such as the Arapesh. In this culture orgasm in
women does not occur [31].

Therefore, many factors have to be considered
when a woman reports orgasmic difficulties that
cause personal distress. Usually orgasmic problems
involve many factors and a multidisciplinary ap-
proach is usually most effective in treatment. It is im-
portant for the clinician to remember that each
woman is unique and that women cannot be com-
partmentalized into one linear way of responding or
be labeled with one sexual response pattern. Women
need to be aware of what brings them pleasure and
what helps them to experience orgasm and to feel
good about the various ways that they can experi-
ence sensual and sexual pleasure and orgasm.

Clinical Approaches

In taking a sexual history in a woman who is experi-
encing personal distress due to either a lack of or-
gasm, markedly diminished intensity of orgasmic

FMRI ACTIVITY DURING CERVICAL SELF-STIM
 DURING ORGASM

8901 Run2 #4

Fig. 24.3 Functional magnetic
resonance imaging (fMRI) of the same
brain “sections” as in Fig. 24.2, during
orgasm induced by cervical self-
stimulation.
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sensations, or marked delay of orgasm from any kind
of stimulation, asking the following questions may
be helpful.
• Do you feel pleasure and satisfaction without or-
gasm? Is not experiencing orgasm a concern for you?
If it is a concern, the following questions are 
recommended.
• Is your orgasmic difficulty generalized (in every
situation and independent of the partner) or is it sit-
uational? If generalized, it may suggest a biologic
component, particularly if sex drive and arousal is
maintained. There may also be nerve damage from
surgery or an injury that must be assessed. If 
situational, there may be relationship issues to be 
addressed.
• Was the onset gradual or rapid? Gradual orgasmic
difficulties are usually age-dependent and may be
exacerbated by menopause. They are characterized
by an increased length of time between sex-play and
orgasm, more intense stimulation required, de-
creased quality and intensity of the orgasmic plea-
sure, and possibly diminished number of orgasmic
contractions. Also co-morbidity must be considered
in both gradual and rapid onset.

If rapid, the use of medications such as am-
phetamines and related anorexic drugs, anti-
psychotics, benzodiazepines, methyldopa, narcotics,
tricyclic antidepressants, and SSRIs should be 
investigated. Other medications should also be in-
vestigated because of their effect on sexual response
in women.

• What, in your opinion, is causing your orgasmic
difficulty? Check the potential role of worsening in-
continence, depression, pain, too rapid or absence of
sex-play, loss of sexual drive and arousal, alcohol
abuse, and relationship problems.
• Do you feel a selective loss in your clitoral sensitiv-
ity and pleasure ability and/or a reduction in your
coital pleasure? If the complaint is focused on the cli-
toris, and vulvar involution or dystrophia is present,
then topical androgen treatment may be useful. If it
is coital, two further questions should be asked.
• Do you have a decreased coital sensation? This lat-
ter may suggest a hypotonia of the perivaginal mus-
cles, which may be related to loss of estrogen due to
menopause and/or loss of androgens associated with
aging. Vaginal pleasure and sensitivity are physically
dependent also on the tonus of perivaginal muscles.
Biofeedback retraining of the pelvic floor muscles or
teaching Kegel exercises may help. Many women
experience female ejaculation, an expulsion of about
3–5ml of fluid from the urethra, which is chemically
different from urine and is perfectly normal. It comes
from the female prostate gland (G spot), formerly
called the paraurethral glands [32]. A differential di-
agnosis between urinary incontinence and female
ejaculation must be made (see Table 24.1).
• Do you feel pain during intercourse? Coital pain of
whatever origin must be investigated.
• Have you changed positions of intercourse to a po-
sition that does not stimulate the anterior vaginal
wall (Grafenberg or G spot)?

Table 24.1 Differential diagnosis.

Incontinence at orgasm Female ejaculation

Weak pelvic floor muscles Strong pelvic floor muscles
Contains: urea, creatinine Contains: glucose, fructose, prostatic specific androgen, prostatic

acid phosphatase
Volume: >15 ml Volume: 3–5 ml
Urine characteristics Clear, pale white liquid with no urine
Associated with daily or night symptoms of incontinence No symptoms of urgency and/or stress incontinence
Intensity of orgasm may be inhibited for fear of leaking Is associated with intense pleasure at orgasm
Urodynamic examinations indicate detrusor instability Urodynamic examination shows a continent bladder

Modified from Graziottin (1996) [40], Belzer et al. (1984) [41], Addiego et al. (1981) [42], Ladas et al. (2005) [30], and Zaviacic
(1999) [32].

SPS24  8/1/06  11:39 AM  Page 338



Orgasmic Disorders in Women 339

Based on the information emerging from the clinical
history, the healthcare provider should look for:
• Hormonal balance.
• Signs and symptoms of vulvar dystrophia and,
specifically, of clitoral and vaginal involution and
traumatic consequences of ritual genital mutilation.
• Signs and symptoms of incontinence, or of either
hypotonic or hypertonic pelvic floor, or female ejac-
ulation (education and permission-giving is needed
here).
• Iatrogenic influences, when potentially orgasmic-
inhibiting drugs are prescribed.

Treatment Options

Psychosexual issues are more frequently a cause in
life-long orgasmic difficulties, while biologic etiology
should be considered with gradual or rapid onset of
anorgasmia.

If the history and physical assessment has 
ruled out any hormonal, neurophysiologic, or 
pharmacologic-related causes, the treatment of or-
gasmic disorders should then focus on an assessment
of knowledge. Teaching women and their partners
about appropriate arousal techniques may be all that
is needed.

In addition, sociocultural factors need to be con-
sidered; that is, there may be inhibitions about 
receiving pleasurable sexual stimuli (usually in 
generalized primary anorgasmia, but not always).
Education can be given about how women become
aroused, the amount of time needed for arousal, and
the types of stimulation commonly needed for or-
gasm to be experienced. Information that most
women are not able to experience orgasm from vagi-
nal intercourse, and that extended clitoral or vaginal
(G spot) stimulation may be needed, is also impor-
tant information to disseminate [33,34]. Referral of
the woman and/or couple to a certified sex therapist
is helpful here (see www.aasect.org for a certified sex
therapist in your geographic area).

The treatment of anorgasmia has been based on
psychoanalytic, cognitive-behavioral, systems theo-
ry, and pharmacologic approaches [35]. According
to Meston and colleagues, “cognitive behavioral
therapy for anorgasmia focuses on promoting
changes in attitudes and sexually-relevant thoughts,

decreasing anxiety, and increasing orgasmic ability
and satisfaction” [6, p. 67].

In the 1970s the small-group format was sug-
gested and a number of books and videos were 
developed to give women permission to experience
orgasm and to share ways in small pre-orgasmic
groups that they found helpful to experience sensual
and sexual pleasure [36].

Behavioral exercises include directed masturba-
tion, with and without vibrators, which has been
shown to be effective in groups and individually. If a
woman is able to experience orgasm through mas-
turbation, but not with a partner (if this is her desire),
then couple therapy may be recommended, once is-
sues of anxiety, communication, trust, and past his-
tory have been addressed. Another behavioral
approach often suggested is Kegel exercises. Graber
and Kline-Graber found a positive correlation be-
tween the strength of a woman’s pelvic muscles and
her orgasmic response. The women with very weak
muscles were anorgasmic in their retrospective
study [37]. Perry and Whipple found that women
who experienced female ejaculation have signifi-
cantly stronger pelvic muscles than women who did
not experience this phenomenon [38,39]. Sensate
focus exercises were developed by Masters and
Johnson to reduce anxiety by using a series of body
touching exercises, moving from sensual to increas-
ingly sexual [4]. These exercises are used by many
healthcare providers today, although Meston and
colleagues note that there has been no reported sub-
stantial improvement in orgasmic ability with these
exercises [6].

There are no pharmacologic agents that have been
demonstrated to be effective for treating women
with orgasmic disorders. However, a good history
will determine if other medical conditions or 
medications taken may inhibit orgasmic response. A
change of medication or taking bupropion with an
SSRI, or in place of the SSRI, may help. More double-
blind, placebo-controlled studies are needed here.
There is an excellent review of psychosocial and
pharmacologic treatments for orgasmic disorders in
West et al. [13].

It may be that permission and education are the
most important treatment modalities. And since or-
gasm is not always essential for sexual satisfaction,
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and the inability to orgasm during intercourse is not
abnormal, when would an orgasm difficulty warrant
therapy? If it is a problem for the woman and causes
her personal distress. It is important for women to
know that they are in charge of their own orgasms,
that no one can give them an orgasm, and they are
responsible for their pleasure and satisfaction.

It is also important to remember that each woman
is unique, that each woman responds differently,
and that we cannot put women into one linear way
of responding sensually and sexually. Women need
to be encouraged to feel good about what brings
them pleasure, to be aware of this, to acknowledge it,
and then to communicate it to a partner if they
choose.
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Introduction

Pain is almost never “psychogenic,” except for pain
from grieving. Pain has biologic basis; when it is the
alerting signal of an impending or current tissue
damage from which the body should withdraw, it is
defined as “nociceptive” [1]. When pain becomes a
disease per se, that is, generated within the nerves
and nervous centers, it is called “neuropathic” [1–3].
It is a complex perceptive experience, involving 
psychologic and relational meanings, which may 
become increasingly important with the chronicity
of pain [1–3].

Sexual pain disorders—dyspareunia and vaginis-
mus—are very sensitive issues, as the pain involves
emotionally charged behaviors: sexual intimacy and
vaginal intercourse [4–6]. Most patients have been
denied for years that their pain was real, and there-
fore feel enormously relieved when they finally
meet a clinician who trusts their symptoms and com-
mits him/herself to a thorough understanding of the
complex etiology of their sexual pain.

Talking with patients about sexual pain disorders
requires special attention to the sensitivity of the
issue and an empathic attitude to the biologic “truth”
of pain [7]. This is the basis of a very rewarding 
clinician–patient relationship and is the basis of an
effective therapeutic alliance.

Definitions
Dyspareunia defines the persistent or recurrent pain
with attempted or complete vaginal entry and/or pe-
nile vaginal intercourse [8].

Vaginismus indicates the persistent or recurrent
difficulties of the woman to allow vaginal entry of 
a penis, a finger, and/or any object, despite the

woman’s expressed wish to do so. There is often
(phobic) avoidance and anticipation, fear or 
experience of pain, along with variable involuntary 
pelvic muscle contraction. Structural or other 
physical abnormalities must be ruled out or 
addressed [8].

Although there is a longstanding tradition to dis-
tinguish female sexual pain disorders into vaginis-
mus and (superficial) dyspareunia, recent research
has demonstrated persistent problems with the sen-
sitivity and specificity of the differential diagnosis of
these two phenomena.

Both complaints may comprise, to a smaller or
larger extent [5–7,9–10]:
1 Problems with muscle tension (voluntary, invol-
untary, limited to vaginal sphincter, or extending to
pelvic floor, adductor muscles, back, jaws or entire
body).
2 Pain upon genital touching: superficially located
at the vaginal entry, the vulvar vestibulum and/or
the perineum; either event-related, limited to the
duration of genital touching or pressure, or more
chronic, lasting for minutes/hours/days after termi-
nation of touching; ranging from unique association
with genital touching during sexual activity to more
general association with all types of vulvar/
vaginal/pelvic pressure (e.g. sitting, riding horse or
bicycle, wearing tight trousers).
3 Fear of sexual pain (either specifically associated
with genital touching/intercourse or more general-
ized fear of pain, or fear of sex).
4 Propensity for behavioral approach or avoidance.
Despite painful experiences with genital touching/
intercourse, a subgroup of women continues to be
receptive to their sexual partner’s initiatives or to
self-initiate sexual interaction.

CHAPTER 25

Sexual Pain Disorders: Dyspareunia and
Vaginismus
Alessandra Graziottin
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However, as no consensus has been reached so far in
unifying the two entities, they will be kept separate
according to the latest classification [8].

Prevalence

Various degrees of dyspareunia are reported by
12–15% of coitally active women [11–13], and up to
45.3% of postmenopausal women [14]. Vaginismus
may occur in 0.5–1% of fertile women, although
precise estimates are lacking [7]. However, mild hy-
peractivity of the pelvic floor, that could coincide
with grade I or II vaginismus, according to Lamont
[15] (Table 25.1), may permit intercourse while
causing coital pain [16,17].

Pathophysiology

Vaginal receptiveness is a prerequisite for inter-
course, and requires anatomic and functional tissue
integrity, both in resting and aroused states [16–19].
Normal trophism, both mucosal and cutaneous, ade-
quate hormonal impregnation, lack of inflamma-
tion, particularly at the introitus, normal tonicity of
the perivaginal muscles, vascular, connective and
neurologic integrity, and normal immune response
are all considered necessary to guarantee vaginal
“habitability” [6,7,15–17]. Vaginal receptiveness

may be further modulated by psychosexual, mental,
and interpersonal factors, all of which may result in
poor arousal with vaginal dryness [5,7,8–11].

Fear of penetration, and a general muscular
arousal secondary to anxiety, may cause a defensive
contraction of the perivaginal muscles, leading to
vaginismus [7,9,10]. This disorder may also be the
clinical correlate of a primary neurodystonia of the
pelvic floor, as recently demonstrated with needle
electromyography [20]. It may be so severe as to
completely prevent penetration [15,16]. Vaginismus
is the leading cause of unconsummated marriages in
women. Co-morbidity between life-long vaginismus
and dyspareunia, and other FSD is frequently report-
ed (Fig. 25.1). The defensive pelvic floor contraction
may also be secondary to genital pain, of whatever
cause [21,22].

Dyspareunia is the common symptom of a 
variety of coital pain-causing disorders (Table 25.2).

Table 25.1 Severity of vaginismus.

Grade I Spasm of the elevator ani, which disappears
on reassuring the patient

Grade II Spasm of the elevator ani, which persists
during the gynecologic/urologic/proctologic
examination

Grade III Spasm of the elevator ani and tension of
buttocks at any tentative or gynecologic
examination

Grade IV Mild neurovegetative arousal, spasm of the
elevator, dorsal arching, adduction of thighs,
defense and retraction

Grade XO Extreme defense neurovegetative arousal,
with refusal of the gynecologic examination

Modified from Lamont (1978) [15].

Sexual
desire

& central
arousal

Arousal & 
receptivity

Orgasm

Resolution & 
satisfaction

Dyspareunia
vaginismus

Fig. 25.1 Circular model of female sexual function and
the interfering role of sexual pain disorders. This simplified
circular model contributes to the understanding of: (1)
frequent overlapping of sexual symptoms reported in
clinical practice (“co-morbidity”), as different dimensions
of sexual response are correlated from a pathophysiologic
point of view; (2) potential negative or positive feedback
mechanisms operating in sexual function; (3) the direct
inhibiting effect of dyspareunia and/or vaginismus on
genital arousal and vaginal receptivity and the indirect
inhibiting effect they may have on coital orgasm,
satisfaction, sexual desire, and central arousal, with close
interplay between biologic and psychosexual factors.
Pelvic floor disorders of the hyperactive type, causally
related to sexual pain disorders as predisposing and/or
maintaining factors (see Chapter 20), may inhibit all the
sexual response. Modified from Graziottin (2003) [18].
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Vulvar vestibulitis (VV), a subset of vulvodynia, 
is its leading cause in women of fertile age
[6,7,11,12,16,17,23,24]. The diagnostic triad is: (1)
severe pain upon vestibular touch or attempted vagi-
nal entry; (2) exquisite tenderness to cotton-swab

palpation of the introital area (mostly at the 5 o’clock
and 7 o’clock positions); (3) dyspareunia [23].

From the pathophysiologic point of view, VV in-
volves the upregulation of: (1) the immunologic sys-
tem, ie of introital mast cells (with hyperproduction
of both inflammatory molecules and nerve growth
factors (NGF) [25–27]; (2) the pain system, with pro-
liferation of local pain fibers induced by the NGF
[27–28], which may contribute to the hyperalgesia
and allodynia, associated with neuropathic pain, re-
ported by VV patients [2,3,6]; (3) hyperactivity of the
levator ani, which can be antecedent to VV and co-
morbid with vaginismus of a mild degree [6,16,24],
or secondary to the introital pain. In either case, ad-
dressing the muscle component is a key part of the
treatment [28–30].

Hyperactivity of the pelvic floor may be triggered
by non-genital, non-sexual causes, such as urologic
factors (urge incontinence, when tightening the
pelvic floor may be secondary to the aim of reinforc-
ing the ability to control the bladder) [17], or anorec-
tal problems (anismus, haemorrhoids, rhagades)
[22].

Medical (“organic”) factors, which are often
under-evaluated in the clinical setting, may cause
pain and they may combine with psychogenic 
(psychosexual) factors contributing to pain during
intercourse. They include hormonal/dystrophic, 
inflammatory, muscular, iatrogenic, neurologic
and/or post-traumatic, vascular, connective, and 
immunologic causes [6,7,9–11,16–22,27].

Co-morbidity with other sexual dysfunctions—
loss of desire, arousal disorders, orgasmic difficulties,
and/or sexual pain related disorders—is frequently
reported with persisting or chronic dyspareunia
[16]. The second leading etiology of dyspareunia in
the fertile age is postpartum pain associated with
poor episiorraphy outcome and vaginal dryness sec-
ondary to the hypoestrogenic state when the woman
is breastfeeding [31].

Clinical Approach

In sexual pain disorders, the accurate clinical history
and careful physical examination are essential 
for the diagnosis and prognosis. Location and
characteristics of pain have been demonstrated to 

Table 25.2 Etiology of dyspareunia: different causes may
overlap or be associated with coital pain with complex and
dynamic pathophysiologic interplay.

Biological
Superficial/introital and/or mid-vaginal dyspareunia
• infectious: vulvitis, vulvar vestibulitis, vaginitis, cystitis
• inflammatory: with upregulation of mast cells
• hormonal: vulvovaginal atrophy
• anatomic: fibrous hymen, vaginal agenesis, Rokitansky

syndrome
• muscular: primary or secondary hyperactivity of levator

ani muscle
• iatrogenic: poor outcome of genital or perineal surgery;

pelvic radiotherapy
• neurologic, inclusive of neuropathic pain
• connective and immunitary: Sjögren’s syndrome
• vascular
Deep dyspareunia
• endometriosis
• pelvic inflammatory disease (PID)
• pelvic varicocele
• chronic pelvic pain and referred pain
• outcome of pelvic or endovaginal radiotherapy
• abdominal cutaneous nerve entrapment syndrome

(ACNES)

Psychosexual
• co-morbidity with desire and/or arousal disorders, or

vaginismus
• past sexual harassment and/or abuse
• affective disorders: depression and anxiety
• catastrophism as leading psychologic coping modality

Context or couple related
• lack of emotional intimacy
• inadequate foreplay
• couple conflicts; verbally, physically, or sexually abusive

partner
• poor anatomic compatibility (penis size and/or infantile

female genitalia)
• sexual dissatisfaction and consequent inadequate

arousal

Adapted from Graziottin (2003) [16].
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be the most significant predictors of the etiology 
of pain [16,18,19,21,32]. No instrumental examina-
tion has so far been demonstrated to be more 
informative than a carefully performed clinical 
examination.

Focusing on the presenting symptom—dyspareu-
nia—and with the above-mentioned attention to the
sensitivity of the issue, key questions to obtain the
most relevant information can be summarized as fol-
lows [16–18,33]:
• Did you experience coital pain from the very be-
ginning of your sexual life onwards (life-long) or did
you experience it after a period of normal (painless)
sexual intercourse (acquired disorder)? If life-long,
were you afraid of feeling pain before your first inter-
course? When life-long, dyspareunia might usually
be caused by mild/moderate vaginismus (which al-
lows a painful penetration) and/or coexisting, life-
long low libido and arousal disorders.
• If acquired, do you remember the situation or
what happened when it started? The answer can give
information about the “natural history” of the cur-
rent sexual complaint.
• Where does it hurt? At the beginning of the vagina,
in the mid vagina or deep in the vagina? Location of
the pain and its onset within an episode of inter-
course is the strongest predictor of presence and type
of organicity [32].

— Introital dyspareunia may be more frequently
caused by poor arousal, mild vaginismus, vestibu-
litis, vulvar dystrophia, painful outcome of vulvar
physical therapies, perineal surgery (episiorraphy,
colporraphy, posterior perineorraphy), pudendal
nerve entrapment syndrome and/or pudendal
neuralgia, Sjogren syndrome [5–7,9–12,14–19]
(see also Chapter 26).
— Mid vaginal pain, acutely evoked during physi-
cal examination by a gentle pressure on the
sacrospinous insertion of the levator ani muscle, is
more frequently due to levator ani myalgia, the
most frequently overlooked biologic cause of dys-
pareunia [6,16,17,21].
— Deep vaginal pain may be caused more fre-
quently by endometriosis or pelvic inflammatory
disease (PID) or by outcomes of pelvic radio-
therapy or vaginal radical surgery. Varicocele, 
adhesions, referred abdominal pain, and ab-

dominal cutaneous nerve entrapment syndrome
(ACNES) are less frequent and still controversial
causes of deep dyspareunia, which should never-
theless be considered in the differential diagnosis
[16,17].

• When do you feel pain? Before, during or after 
intercourse?

— Pain before intercourse suggests a phobic atti-
tude toward penetration, usually associated with
vaginismus, and/or the presence of chronic VV,
and/or vulvodynia [24,35].
— Pain during intercourse is more frequently 
reported. This information, combined with 
the previous—“where does it hurt?”—is the 
most predictive of the organicity of pain
[5–7,9–12,14–19].
— Pain after intercourse indicates that mucosal
damage was provoked during intercourse, possi-
bly because of poor lubrication, concurring to
vestibulitis, pain, and defensive contraction of the
pelvic floor [6,16–17].

• Do you feel other accompanying symptoms, vagi-
nal dryness, pain or paresthesias in the genitals and
pelvic areas? Or do you suffer from cystitis 24–72
hours after intercourse?

— Vaginal dryness, either secondary to loss of es-
trogen and/or to poor genital arousal may coincide
with or contribute to dyspareunia [6,16–19].
— Clitoralgia and/or vulvodynia, spontaneous
and/or worsening during sexual arousal, may be
associated with dyspareunia, hypertonic pelvic
floor muscles, and/or neurogenic pain (pudendal
nerve entrapment syndrome) [36].
— Postcoital cystitis should suggest a hypoestro-
genic condition and/or the presence of hypertonic
pelvic floor muscles: it should specifically be 
investigated in postmenopausal women who 
may benefit from topical estrogen treatment [37]
and rehabilitation of the pelvic floor, aimed 
at relaxing the myalgic perivaginal muscles
[28–30].
— Vulvar pruritus, vulvar dryness, and/or feeling
of a burning vulva should be investigated, as they
may suggest the presence of vulvar lichen sclero-
sus, which may worsen introital dyspareunia [19].
Neurogenic pain may cause not only dyspareunia
but also clitoralgia. Eye and mouth dryness, when
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accompanying dyspareunia and vaginal dryness,
should suggest Sjögren’s syndrome, a connective
and immunitary disease [16–19].

• How intense is the pain you feel? Focusing on 
the intensity and characteristics of pain is a rela-
tively new approach in addressing dyspareunia
[5–7,16,17]. A shift from nociceptic to neuropathic
pain is typical of chronic dyspareunia, and treatment
may require a systemic and local analgesic approach
[3,6].

Key point
Suggest that the patient record a diary of pain, mirror-
ing the menstrual cycle phases if the woman is in her
fertile age (i.e. starting every page with the first day
of her cycle, with the date on the x axis, and the 24
hours of the day in the y axis. Pain intensity could be
reported using colours: zero = white; 1 to 3 = yellow;
4 to 7 = red, 8 to 10 = black).

This would: (1) improve the recording and under-
standing of pain flares before, during and/or after
cycle, and the circadian rhythm of pain, to improve
the diagnosis of etiology and contributors of pain; (2)
suggest a better tailoring of the analgesic treatment;
(3) make the recording of the impact of treatment of
pain perception more accurate, with an easy to catch
perspective [36]. Typically, nociceptive pain persists
at night, while neuropathic pain is significantly re-
duced or absent during sleep.

Clinical Approach

The diagnostic work-up of dyspareunia should 
focus on:
• Accurate physical examination, to describe:

— the “pain map”, i.e. any site in the vulva, introi-
tus, mid vagina, and deep vagina where pain can
be elicited [16,18,19,40];
— pelvic floor trophism (and vaginal pH), muscu-
lar tonus, strength, and performance and myo-
genic and referred pain [16,21];
— signs of inflammation (primarily VV) [6,16,23];
— poor outcome of pelvic [41] or perineal surgery
(episiotomy/rraphy) [31];
— associated urogenital and rectal pain syn-
dromes [22];

— neuropathic pain, in vulvodynia or localized
clitoralgia with no objective findings [3,5,7].

• Psychosexual factors, poor arousal and coexisting
vaginismus [6,7,9,10,15,24].
• Relationship issues [7,42].
• Hormonal profile, if clinically indicated, when
dyspareunia is associated with vaginal dryness
[16–18].
In patients with vaginismus, the diagnosis and prog-
nosis may be made based on three variables:
• Intensity of the phobic attitude (mild, moderate,
severe) toward penetration [7,9,10,15,16];
• Intensity of the pelvic floor hypertonicity (in four
degree, according to Lamont [15,28–30];
• Coexisting personal and/or relational psychosex-
ual problems [6,7,9,10,15,24].

Principles of Treatment of Sexual
Pain Disorders

Sexual co-morbidity is a key issue in sexual pain 
disorders. Dyspareunia and vaginismus, because of
coital pain, directly inhibit genital arousal and vagi-
nal receptivity. Indirectly, they may affect the (coital)
orgasmic potential during the intercourse and impair
physical and emotional satisfaction, causing loss 
of desire for and avoidance of sexual intimacy
[16,18,19,21,26,40,42].

Dyspareunia may benefit from a well-tailored
clinical approach, based on a clear understanding of
the pathophysiology of coital pain the patient is com-
plaining of, with attention to predisposing, precipi-
tating, and maintaining factors in any of the systems
potentially involved (Table 25.3).

Medical treatment
Multimodal therapy
VV should be treated with a combined, multimodal
treatment aimed at reducing:
1 The upregulation of mast cells, both by reducing
the agonist stimuli (such as Candida infections, 
microabrasions of the introital mucosa because of in-
tercourse with a dry vagina and/or a contracted
pelvic floor, chemicals, allergens, and so on) that
cause degranulation leading to chronic tissue in-
flammation, and/or with antagonist modulation of
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its hyperreactivity, with amitriptyline or aliamide gel
[6,42,44].
2 The upregulation of pain system secondary to
both the proliferation of introital pain fibers [25–27]
induced by NGF produced by the upregulated mast
cells, and the lowered central pain threshold [45]. A
thorough understanding of the pathophysiology of

pain, in its nociceptive and neuropathic component,
is essential. Anthalgic treatment should be pre-
scribed: locally, with electroanalgesia [39] or, in
severe cases, with the ganglion impar block [3]; sys-
temically with tricyclic antidepressant, gabapentin
or pregabalin in the most severe cases with a neuro-
pathic component [3,6,38,43].
3 The upregulation of the muscular response, with
hyperactivity of the pelvic floor, which may precede
VV, when the predisposing factor is vaginismus
[6,24], or be acquired in response to genital pain
[6,20,33]. In controlled studies, electromyographic
feedback [28–30] has been demonstrated to signifi-
cantly reduce pain in VV patients. Self-massage,
pelvic floor stretching, and physical therapy may
also reduce the muscular component of coital pain
[6,40,42]. When hyperactivity of the pelvic floor is
elevated, treatment with type A botulin toxin has
been proposed on the basis of its efficacy and safety
profile in pelvic floor disorders of the hyperactive
type [46,47].
Individually tailored combinations of this approach
are useful to treat introital dyspareunia with etiolo-
gies different from VV.

Key point
Patients—and couples—should be required to abstain
from vaginal intercourse and use other forms of sex-
ual intimacy during VV treatment, until introital
pain and burning feelings have disappeared. This is
essential to prevent the introital microabrasion
caused by penetration when there is vaginal dryness,
overall poor genital arousal and/or tightened pelvic
floor that would maintain the upregulation of mast
cells, pelvic floor defensive hypertonus, and prolifer-
ation of peripheral pain fibers [6].

Deep dyspareunia, secondary to endometriosis,
pelvic inflammatory disease (PID), chronic pelvic
pain, and other less frequent etiologies requires spe-
cialist treatment that goes beyond the scope of this
chapter.

Topical hormones
Vaginal estrogen treatment is the first choice (when
no contraindications are present) when dyspareunia
is associated with genital arousal disorders and 
hypoestrogenism [16–19,37] (see also Chapter 23).

Table 25.3 Treatment of dyspareunia.

Medical
Inflammatory etiology (upregulation of mast cells)
• Pharmacologic modulation of mast cells’ hyperreactivity

— with antidepressants: amitriptyline
— with aliamide topical gel

• Reduction of agonist factors causing hyperreactivity of
mast cells
— recurrent Candida or Gardnerella vaginitis
— microabrasions of the introital mucosa: from

intercourse with a dry vagina or from inappropriate
lifestyles

— allergens or chemical irritants
— physical agents
— neurogenic stimuli

Muscular etiology (upregulation of the muscular system)
• Self-massage and levator ani stretching
• Physical therapy of the levator ani
• Electromyografic biofeedback
• Type A botulin toxin
Neurologic etiology (upregulation of the pain system)
• Systemic analgesia

— amitriptyline
— gabapentin
— pregabalin

• Local analgesia
— electroanalgesia
— ganglion impar block

• Surgical therapy: vestibulectomy (?)
Hormonal etiology
• Hormonal therapy

— local: vaginal estrogens, or testosterone for the vulva
— systemic: with hormonal replacement therapies

Psychosexual
• Behavioral cognitive group therapy
• Individual psychotherapy
• Couple psychotherapy

Modified from Graziottin (2005) [42].
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This biologic contributor of dyspareunia in long-
lasting hypothalamic amenorrhea, puerperium, and
postmenopause, can be easily improved with this
topical treatment [16–19,37]. Safety of such hor-
monal topical treatment is discussed in Chapter 27.
Vulvar treatment with testosterone (1% or 2% in
Vaseline, oil, or petrolatum) may be considered
when vulvar dystrophy and/or lichen sclerosus
contribute to introital dyspareunia.

Psychosexual treatment
Psychosexual and/or behavioural therapy
This is the first-line treatment of life-long dyspareunia
associated with vaginismus [6,40,48]. It should be of-
fered in parallel with a progressive rehabilitation of
the pelvic floor and a pharmacologic treatment to
modulate the intense systemic arousal in the subset
of intensely phobic patients [33,40]. In this latter
group, co-morbidity with sexual aversion disorder
should be investigated and treated (see Chapter 22).

This contributes to the multimodal treatment of
life-long dyspareunia, which is reported in one-third
of VV patients [40]. Anxiety, fear of pain, and sexual
avoidant behaviors should be addressed as well. The
shift from pain to pleasure is key from the sexual
point of view. Sensitive and committed psycho-
sexual support of the woman and the couple are
mandatory.

Vaginismus may as well be treated with a multi-
modal approach, given its complex neurobiologic,
muscular, and psychosexual etiology.

Pharmacologic therapy
• Depending on the intensity of the phobic attitude,
the general anxiety arousal may be reduced with
pharmacologic treatment. [33,40].
• Botulin A toxin may be injected in the levator ani
when the patient is able to accept the injection
[46,47].

Psychosexual behavioral therapy
• Address underlying negative affects (fear, disgust,
repulsion to touch, but also loss of self-esteem and
self-confidence, body image concerns, fear of being
abandoned by the partner) when reported [48].
• Teach how to command the pelvic floor muscles

and to control the ability to do so with a mirror
[40,49].
• Encourage self-contact, self-massage, self-
awareness, through sexual education. If the woman
has a current partner, encourage active sex-play, to
maintain and/or increase desire, arousal and possi-
bly clitoral orgasm, with specific prohibition of coital
attempts until the pelvic floor is adequately relaxed
and the woman is willing and able to accept inter-
course [33,49].
• When good pelvic floor voluntary relaxation has
been obtained, teach how to insert a dilator under
pelvic floor relaxation [33,49].
• Discuss contraception, if the couple does not de-
sire children at present [33].
• Encourage the sharing of control with the partner.
• Give permission for more intimate play, inserting
of penis with the woman in control.
• Support the possible performance anxiety of the
male partner with vasculogenic active drugs [33].
• Support the couple during the first attempts, as
anxiety is frequent and may undermine the result if
not adequately addressed, both emotionally and
pharmacologically. Phosphodiesterase (PDE-5) in-
hibitors are useful when performance erectile dys-
function (ED) is reported [33].
• If possible, recommend concurrent psychothera-
py, sex-therapy or couples therapy when significant
psychodynamic or relationship issues are evident
[33,48,49].

Conclusion

Pain is rarely purely psychogenic, and dyspareunia is
no exception. Like all pain syndromes, it usually has
one or more biologic etiologic factors. Hyperactive
pelvic floor disorders are a constant feature and co-
morbidity with urologic and/or proctologic disorders
is a frequent and yet neglected area to be explored for
comprehensive treatment. Psychosexual and rela-
tionship factors, generally life-long or acquired low
sexual desire because of the persisting pain, and life-
long or acquired arousal disorders due to the in-
hibitory effect of pain, should be addressed in
parallel, in order to provide comprehensive, inte-
grated, and effective treatment.

Vaginismus, which may contribute to life-long
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dyspareunia when mild or moderate, and may pre-
vent intercourse when severe, needs to be better un-
derstood in its complex neurobiologic, muscular,
and psychosexual etiology, and to be addressed with
a multimodal approach.

Couple issues should be diagnosed and appropri-
ate referral considered when the male partner pre-
sents with a concomitant male sexual disorder.
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Physicians and healthcare providers may contribute
to sexual disorders, with a predisposing role, when
they do not recognize and diagnose conditions that
may prelude, precipitate, or maintain a female sexu-
al disorder (FSD) [1–6]. They may act as precipitating
factors, through the inappropriate prescription of
medications that may negatively affect women’s and
couples’ sexuality [1] (Table 26.1), or through the
negative outcome of surgery, obstetrics, and/or
chemotherapy, hormonotherapy, or radiotherapy
[2–12]. A lack of respect for professional boundaries
in the clinician–patient relationship is another ne-
glected precipitating co-factor of FSD, especially for
women who seek professional help at a vulnerable
moment of their life [13,14] (see Chapter 20). They
may behave as maintaining factors, through the most
frequent mistake in the field of FSD: the diagnostic
omission, which encompasses occasional or systemat-
ic diagnostic neglect, particularly in the area of 
biologic/medical etiology of FSD [2–6,10–12] and/or
co-morbidity between medical conditions and FSD
[1–6,11–12,15,16]. This chapter will discuss these
three major areas of iatrogenic disorders, to open a
mental window on the sexual scenario that we clini-
cians often do not consider.

The role of post-traumatic FSD will be briefly re-
viewed with a focus on spinal cord injuries [17–20]
and ritual female genital mutilation (FGM) [21–24].
Sexual abuse, which may cause both physical and
emotional trauma, may be related to post-traumatic
stress disorder and long-term sexual disorders [25].

Iatrogenic Factors Predisposing to
Female Sexual Disorder

It is difficult to provide an effective intervention, if
there is no mention of a problem. The omission of a

frank and respectful discussion about sexual issues
may contribute to FSD with different dynamics,
which will be briefly reviewed with a life-span per-
spective. With children, the systematic neglect of
thinking about their sexuality, and/or about their
being potential objects of sexual desire, may expose
them to unrecognized abuses which may affect their
sexuality throughout their life [16,25,26]. The ne-
glect of urogenital and proctologic co-morbidities
may prevent the early diagnosis of vulnerability 
factors that could have been appropriately ad-
dressed, if diagnosed in a timely manner
[6,7,16,26–28]. During childhood or adolescence,
invasive diagnostic or therapeutic maneuvers 
(urethral or vaginal swabs, cystoscopy, suturing of
accidental genital traumas) without appropriate
analgesia and care may be perceived as frank abuses
by the frightened child. They are recalled as “the”
only trauma predisposing to fear of penetration and
dyspareunia in 5.8% of young women affected with
vulvar vestibulitis and hyperactive pelvic floor
[Graziottin, unpublished data].

In adolescents, a difficulty in using tampons for
menstrual protection has been shown to be one of
the first (neglected) signs of hyperactivity of the
pelvic floor, predicting dyspareunia and vulvodynia
[6,28,29]. The lack of attention, information, and
support to adolescents, when adequate information
about effective contraception and prevention of sex-
ually transmitted infection is not given before their
first intercourse and during their first years of sexual activi-
ty, may expose them to negative experiences, which
may affect their sexuality [6]. Diagnosis of chlamy-
dia, gonorrhea, and vaginitis is now possible in 
adolescents using urine testing and vaginal swabs
obtained by the care provider or patient. However, a
complete pelvic examination is necessary to 

CHAPTER 26
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Table 26.1 Medications that can cause female sexual problems.

Desire Arousal Orgasm
Medication disorder disorders disorders

Psychotropics Antipsychotics + +
Barbiturates + + +
Benzodiazepines + +
Lithium + + +
SSRIs + + +
TCA + + +
MAO inhibitors +
Trazodone +
Venlafaxin +

Cardiovascular and antihypertensive medications Antilipid medications +
Beta blockers +
Clonidine + +
Digoxin + +
Spironolactone +
Methyldopa +

Hormonal preparations Danazol +
GnRh agonists +
Hormonal contraceptives +
Antiandrogens + + +
Tamoxifen + +
GnRh analogs + +
Ultralight contraceptive pills + +

Other Histamine H2-receptor
blockers and pro-motility +
agents +

Indomethacin +
Ketoconazole +
Phenytoin sodium +
Aromatase inhibitors + +
Chemotherapeutic agents + +

Anticholinergics +

Antihistamines +

Amphetamines and related anorexic drugs +

Narcotics +

SSRIs, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressants; MAO inhibitors, monoamine oxidase inhibitors.
Adapted from ARHP Clinical Proceedings (2005), pp. 11 [51].
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diagnose pelvic inflammatory disease (PID). It is thus
important to identify patients who might have PID to
assure complete gynecologic assessment of geni-
tourinary and sexual symptoms. An observational
study in adolescent and young adults indicated that
lower abdominal pain was the most common symp-
tom (90%) reported by these patients. All of the pa-
tients with PID reported either lower abdominal pain
or dyspareunia in their medical history, compared
with 56% of those without PID. The presence of
lower abdominal pain and/or dyspareunia in the
clinical history yielded a sensitivity of 100%, speci-
ficity of 44%, and positive and negative predictive
value of 17% and 100%, respectively, for identifying
patients given a diagnosis of PID [30]. To omit the
physical examination could therefore lead to further
PID complications and more severe deep dyspareu-
nia. Other studies indicate that adolescents younger
than 18, using hormonal contraception, have an OR
of 4.0 of having dyspareunia and vulvodynia [6,28].
Use of hormonal contraception with a higher dosage
of ethinyl estradiol seems to reduce this risk [6].

In the adult life, the omission of key questions
such as “Are you sexually active? Are you happy
with your sexual life?” may deprive the clinical pic-
ture of critical information that could modify the
overall perception of the reported complaint. Anxi-
ety and phobic disorders often have undiagnosed 
co-morbidity with performance anxiety (present in
women as well) [16], with aversion disorders (see
Chapter 22) and with vaginismus [6,27] (see Chap-
ter 25). Lower urinary tract symptoms (LUTS) and
dyspareunia, and LUTS and arousal disorders (with
vaginal dryness) have a consistent co-morbidity, 
due to shared pathophysiology (see Chapter 25)
[6,15,16,31–34].

Postpartum amenorrhea may be associated 
with low desire, vaginal dryness, and dyspareunia,
which may be worsened by the lack of professional
recognition of negative outcomes of episiotomy/
rraphy [2,3].

Loss of sexual hormones after an iatrogenic
menopause is associated with early onset and more
distressing sexual disorders: loss of desire, arousal
difficulties, and dyspareunia are increasingly re-
ported with increasing years after the menopause
[4,5,9,11,12,31,32] (see Chapter 27).

In the elderly, unaddressed urinary or fecal in-
continence, and/or genital prolapse may occur with
FSD [7,31,33,34]. The ongoing multipharmacologic
treatments, because of the multiple pathologic con-
ditions typical of the aging process, may contribute to
FSD, but their potential negative effects on sexuality
remain unaddressed unless the patient specifically
mentions them.

Key point
The healthcare providers who interact with the
woman during her life span may reduce predisposing
factors to FSD through their early diagnosis (see
Chapter 20). They may also consult about FSD while
addressing acute and chronic diseases —diabetes,
multiple sclerosis, coronary heart disease (CHD),
chronic immunologic diseases such as lupus erythe-
matosus or cancer —that may secondarily affect sex-
uality. Awareness of the importance of a satisfactory
sexual life should encourage clinicians to address
this issue with every patient, without assuming that
chronic diseases per se excludes the need, the desire,
or the possibility of a rewarding sexual life
[5,8,9,11,12,17–20,35].

Iatrogenic Factors Precipitating
Female Sexual Disorder

Clinicians may actively precipitate —or worsen pre-
existing unrecognized FSD —in their daily practice.
This negative effect may be due to the known—but
not completely avoidable —side effects of necessary
medical and surgical treatment, or to mistakes, neg-
ligence, and overall malpractice.

Pharmacologic effects
Drug-induced sexual disorders have special charac-
teristics: the effect dissipates with drug discontinua-
tion or dose reduction; it is not explained by the
ongoing disease or environmental stress; the onset
tends to coincide with drug initiation or dose in-
crease (although a delayed onset is possible); it is
generalized, i.e. tends to be present in all sexual situ-
ations and reappears with the reintroduction of the
drug [1]. Drugs more frequently associated with 
FSD are listed in Table 26.1. As a note, it should be
remembered that some drugs —such as sexual
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hormones, in hormone therapy (see Chapters 20
and 27), hypoprolactinemic drugs, dopaminergic
drugs, bupropion, or vasoactive drugs, to mention a
few —may have a positive effect on women’s sex-
uality [1,5,32,34].

Among the drugs most widely used, a negative
sexual impact is more frequently reported with:
• Antidepressants: Selective serotonin reuptake 
inhibitors (SSRIs) are associated with loss of desire
and central arousal and a specific inhibiting effect on
orgasm, which increases with increasing doses
[1,36].
• Hormonal contraception: Biologic, psychosexual,
and relational factors interact in modulating the final
effect of hormonal contraceptives on women’s sexu-
al response [1,6,37–39]. From the biologic point of
view, sexual desire may be reduced by: the inhibition
of the ovulatory peak of testosterone; the increase 
of liver production of sex hormone binding 
globulin (SHBG), which reduces the free fraction of
plasmatic testosterone; the specific anti-androgenic
effect of progestins such as cyproterone acetate,
drospirenone or norgestimate and norelgestromine;
the inhibiting effect, through a negative feedback, of
vaginal dryness and dyspareunia, more frequent
with “ultra light” pills, containing 15µg ethinyl
estradiol [6,37–39]. A positive motivation to control
fertility and avoid unwanted pregnancy, and satis-
faction with a rewarding cosmetic results obtained
with anti-androgenic hormonal contraceptive com-
binations (to treat acne, hypertrichosis, or hirsutism)
may nevertheless move the overall perception to-
ward a neutral effect on sexual desire, or even a
favourable one [38].
• Chemotherapy has a complex effect: in pre-pubertal
or fertile women it may cause permanent ovarian
damage, with respectively, primary hypergonado-
tropic amenorrhea or premature menopause
[5,9,11]. This prolonged deprivation of sexual hor-
mones, especially in women with hormone-depen-
dent cancers, where hormone therapy is currently
contraindicated, may negatively affect the whole
sexual response; the younger the woman, the worse
the effect, both for the impact on menopause and the
impossibility of reaching critical life-goals, such as
having children, unless through ovodonation,
where it is legal and feasible [5,9,11,34].

• Hormonotherapy: Estrogen receptor-positive breast
cancer has been treated with tamoxifen for almost
three decades. Although reasonably well tolerated
and used worldwide, this drug may specifically affect
sexual function. A recent study indicates that during
tamoxifen therapy the most frequent complaints
were hot flushes (85%), disturbed sleep (55%),
vaginal dryness and/or dyspareunia (47%), de-
creased sexual desire (44%), and musculoskeletal
symptoms (43%) [11]. Disturbed sleep correlated
with hot flushes (p < 0.0005) and concentration
problems (p < 0.05). Decreased sexual interest corre-
lated with vaginal dryness (p < 0.0005) and/or dys-
pareunia (p < 0.0005). After discontinuation of
tamoxifen, symptoms decreased significantly [11].
More recent treatments with aromatase inhibitors
such as anastrozole, which inhibit the conversion of
androgens to estrogens, may also have a negative im-
pact on sexual response.

Negative outcomes of surgery
In oncology
Surgical interventions more likely to be causally as-
sociated with FSD are those indicated in the treat-
ment of different cancers.

Breast cancer (BC)
Breast cancer (BC) is the most frequent cancer in
women, affecting 8 to 10 women in 100. Diagnosis
and treatment may modify the woman’s body image
and sexuality [8,9]. Cancer-dependent, woman-de-
pendent and context-dependent factors interact in
contributing to the individual outcome [5,8,9].

Iatrogenic factors specifically relate to outcomes of
breast surgery and lymphadenectomy [8]. Mastectomy
patients had significantly (p < 0.01) lower body
image, role, and sexual functioning scores, and their
lives were, overall, more disrupted than breast-con-
serving therapy patients [40]. Importantly, body
image, sexual functioning, and lifestyle disruptions
did not improve over time [40]. Breast-conserving
therapy, when oncologically appropriate, should be
encouraged in all age groups. Body image issues and
coping with change in appearance should be ad-
dressed in patient interventions.

However, Kenny et al. [41] suggest that, because of
the need for adjuvant therapies, women treated by
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breast conservation have better body image but worse
physical function, the latter being greater in younger
patients. Negative physical and sexual symptoms
may be secondary to premature iatrogenic meno-
pause, to local sensory side effects of radiotherapy
and a lack of adequate nerve-sparing techniques to
maintain the sensory perception of nipple and areola
[8]. An otherwise excellent cosmetic reconstruction
is too frequently “silent” from the tactile and erotic
point of view.

A second major iatrogenic problem, in BC surgery,
is lymphedema [8,42]. The surgical removal of axil-
lary nodes may disrupt and impair the lymphatic
drainage from the arm. The arm becomes swollen
and painful, causing deformity, discomfort, and dis-
ability [8,42]. Lymphedema affects the visual, tactile,
pain-related, and proprioceptive dimensions of body
image, more so when it pertains to the dominant arm
(Fig. 26.1). When severe, it may impair body image
even more than breast surgery per se. The incidence
of lymphedema ranges from 6% up to 62.5%
[8,40–42]. Disfigured body image and self-percep-
tion may affect the inner sense of femininity, leading
to depression and avoidant coping strategies.

Gynecologic cancers
Cervical carcinoma may require radical surgery and ra-
diotherapy [5,9,43]. Radical surgery may shorten
the vagina, thus reducing its “habitability,” which
may be further reduced by radiotherapy, unless early

psychosexual rehabilitation is started [43]. Vaginal
dryness and dyspareunia are the most frequent com-
plaints related to vaginal shortening, while loss of 
desire and central arousal may be related to the con-
comitant oophorectomy and cancer-related prob-
lems. Concomitant bladder symptoms, if the
nerve-sparing technique has not been made or has
not been adequate, may further negatively impact
on sexual outcomes [9,43].

Vulvar cancer requires a variably mutilating
surgery. Poor techniques and infections may worsen
the overall sexual outcome [44].

Colon and anal cancer
Colostomy is one of the more psychologic threatened
“side effects” of anal surgery. It may affect body
image, self-confidence, and self-esteem, through the
feeling of shame, unworthiness, and inadequacy it
may convey. Avoidance of sexual intimacy and sexu-
al problems are reported in 40% of patients after
colostomy [45].

Other cancers
Body image, self-perception, self-confidence and
overall sexuality may be affected by the negative cos-
metic outcomes of any type of oncologic surgery. The
most vulnerable area is the face. Surgery requiring
arm or limb amputation or causing asymmetry may
also contribute to inhibition in sexual relationships.
It is believed that the younger the patient the higher

Fig. 26.1 Lymphedema in the
dominant arm. Courtesy Dr Carlo
Farina.
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the probability of a disrupting outcome. However,
data are scant. More research is needed to define pre-
dictors of worse sexual outcomes and identify inter-
vention for the subset of patients at higher risk of
negative sexual adjustments.

In gynaecology
Bilateral oophorectomy
Bilateral oophorectomy (BO) is the most frequent 
iatrogenic surgery for benign reasons affecting
women’s sexuality. It causes surgical menopause and
the associated androgen insufficiency syndrome
(AIS) (see Chapters 21 and 27) [4,5]. Current recom-
mendations suggest maintaining the ovaries, while
performing a hysterectomy, unless a specific ovarian
pathology indicates their removal.

Hysterectomy
Controversy on outcomes of hysterectomy persists
[46]. Most studies suggest an improvement of
women’s sexuality after a total hysterectomy (i.e.
leaving the ovaries on site). The benefit could be due
to the relief from menometrorrhagia and break-
through bleeding, and the associated anemia and
dysmenorrhea [46].

Colporrhaphy
A Medline search from 1966 to 2004 and a manual
search of conference proceedings of the Internation-
al Continence Society and International Urogynae-
cological Association from 2001 to 2004 were carried
out. The success rates for anterior colporrhaphy 
vary widely from 37% to 100%. Abdominal sacro-
colpopexy combined with paravaginal repair 
significantly reduced the risk for further cystocele
surgery compared to anterior colporrhaphy and
sacrospinous colpopexy. The abdominal and vaginal
paravaginal repair have success rates between 76%
and 100%; however, no randomized trials have been
performed. Different anatomical outcomes have to
be tempered against complications including mesh
erosions, infections, and dyspareunia [47].

Negative outcomes of radiotherapy
Radiotherapy may specifically damage sexuality
through two major mechanisms [5,8,9,11]. Total
body radiotherapy, associated with bone marrow

transplant, may be associated with sexual disorders
because of associated premature menopause, with
the cohort of climacteric symptoms [5]. The negative
impact on sexuality may be worsened by asthenia
and fatigue, due to the primary neoplastic disease
and the need for immunosuppressants, when
inadequate host–donor compatibility leading to
graft-versus-host reaction requires chronic immu-
nomodulatory treatment [5].

Pelvic radiotherapy —for anal, cervical or bladder
cancers —may specifically damage vaginal habitabil-
ity, causing retraction, vascular damage, loss of lubri-
cation, vaginal dryness, and dyspareunia [9,12,43].

In obstetrics
Abortion
Termination of pregnancy (TOP) may have long-
term negative effects on women’s sexuality. A total
of 103 women who underwent an induced abortion
by vacuum aspiration were interviewed 1–3 weeks
before surgery and 6 months later. The data analysis
report symptoms of fatigue (39%), feelings of guilt
(35%), sadness (34%), and anxiety (29%). Of the
total, 31% presented with at least one sexual disor-
der, 18% a decrease in sexual desire, 17% orgasmic
disorders, 12% vaginal dryness, and 11% dyspareu-
nia. These sexual disorders were correlated with
anxiety and symptoms of depression following TOP.
Six months after TOP, 57% of the women reported
no change in their sexual satisfaction, 17% were
“more satisfied,” and 7% “less satisfied.” Lessening
of sexual satisfaction after TOP was correlated with
diminished partner satisfaction (p < 0.00001), fa-
tigue (p < 0.0009), feelings of guilt (p < 0.01), low fre-
quency of sexual relations (p < 0.01), and anxiety
over sexual relations (p < 0.02) [10].

Episiotomy
Lack of professional recognition of dyspareunia and
other sexual symptoms associated with episioto-
my/rraphy and vaginal dryness in lactating women
is indicated as a persisting problem in current obstet-
ric practice [2,3,34] (see Chapter 25). Up to 48% of
women report vaginal dryness and dyspareunia,
which persists in one-third to one-half of women
one year after delivery [2]. Sexual disorders in the
postpartum could be easily addressed by appropriate
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history taking, rehabilitation of the pelvic floor, self-
massage, lubricants, and topical vaginal estrogen
treatment when vaginal dryness and dyspareunia
are complaints [2,3,34] (see Chapter 25).

Delivery with pelvic floor damage
On reviewing the available evidence, it appears that
there are sufficient grounds to assume that vaginal
delivery (or even the attempt at vaginal delivery) can
cause damage to the pudendal nerve, the inferior 
aspects of the levator ani muscle, and fascial pelvic
organ supports [48]. Risk factors for such damage
have been defined and variously include operative
vaginal delivery, a long second stage, and macroso-
mia. It is much less clear, however, whether such
trauma is clinically relevant, and how important it 
is in the etiology of pelvic floor morbidity later in 
life [48].

Fecal incontinence has a female-to-male prepon-
derance of 8 :1, consistent with childbirth as the
principal causative factor, although most sympto-
matic women do not seek medical advice until after
menopause. Similarly, urinary stress incontinence is
an almost exclusively female phenomenon. Obstet-
ric injury may take the form of direct muscular 
damage to the anal sphincter, as occurs during a
third-degree tear, and/or may be the result of cumu-
lative damage to the pudendal nerves. Mechanical,
neural, and endocrine factors may all play a
causative role in fecal incontinence [49]. Both fecal
and urinary incontinence may deeply affect
women’s sexual function and sexual relationship.
Early rehabilitation of the pelvic floor may reduce
the impact of childbirth-related urinary and fecal co-
morbidities and associated sexual disorders in mild-
moderate cases [3,34].

Iatrogenic Factors Maintaining
Female Sexual Disorder

Not asking about and listening to a patient’s report or
complaint concerning her sexuality is the first main-
tenance factor of FSD. The belief that FSD is substan-
tially psychogenic or context-dependent may induce
the diagnostic omission of their potential biologic eti-
ology. This thinking dichotomy —maintaining that
male sexual disorders are mainly biologically rooted,

while female sexual disorders are psychogenically
driven —is partly responsible for the two-speed
progress in sexual disorders research and approval of
effective drugs.

Biologic neglect is also responsible for the lack of
recognition of the pathophysiology of many FSDs.
This deprives women of the appropriate diagnosis
and treatment of their complaint.

Sometimes the medical or surgical intervention is
credited to be fully responsible for the FSD com-
plaint, while it simply increased the woman’s or cou-
ple awareness of a pre-existing problem. FSD can be
caused or precipitated by medical malpractice, due to
negligence, inexperience, or carelessness. The read-
er is referred to the specific texts of legal medicine.

Key point
The practical recommendation —to increase the pos-
itive curing and caring impact factor of the clinician
and to avoid unpleasant and costly legal actions —is
always to ask about sexuality and potential FSD, and
report the information in the medical record, before
any medical prescription or surgical intervention.

Post-traumatic Female 
Sexual Disorder

Traumas may affect FSD through multiple mecha-
nisms. For the sake of conciseness the analysis will be
limited to spinal cord injury and female genital 
mutilation.

Spinal cord injury
The biologic effect of a spinal cord injury (SCI) on
women’s sexuality depends on the level of the lesion
and its severity. In women with complete upper
motoneuron injuries affecting the sacral segments,
the ability for reflex, but not psychogenic, lubrica-
tion, may be maintained [17–20]. In women with 
incomplete upper motoneuron injuries affecting the
sacral segment, the ability for both reflex and reflex-
ogenic lubrication is maintained [20]. Women with
higher ability to perceive a combination of light
touch and pinprick sensation in the T11–L2 der-
matomes seem also to have a greater likelihood of
experiencing psychogenic lubrication [17] (see
Chapter 24).
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The psychologic impact of SCI may contribute to
sexual disorders through depression, reduced self-
esteem and self-confidence, and body image con-
cerns. Physical and emotional/motivational factors
may contribute to impair SCI women’s sexuality,
with a spectrum of outcomes further modulated by
personal and context-dependent factors (age at trau-
ma, pre-existent satisfying couple relationship, 
quality of partner’s and family’s support, access to
qualified rehabilitative care) [17].

Peer-reviewed literature has reported that
women’s motivation and desire for sexual activities
seems to decrease after SCI [17–20]. However, in a
qualitative study of women with complete spinal
cord injury, Whipple et al. demonstrated a trajectory
from cognitive genital dissociation, to sexual disen-
franchisement, to sexual recovery. Higher percent-
ages of women with SCI complained of generalized
hypoactive sexual desire disorder, with a parallel de-
crease in self-masturbation, in comparison to con-
trols. The reported preferred sexual activities are
touching, kissing, and hugging [17,18]. The erotic
expression seems therefore more focused on tender
intimacy than on explicit sexual activity.

The ability to experience orgasm is less likely
(17%) if women have a complete lower motoneu-
ron injury affecting the sacral segments than if they
have any other level of injury. Overall, data suggest
that only 55% of SCI women are able to experience
orgasm after injury, a percentage significantly lower
in comparison to controls (p < 0.001) [18]. New data
concerning orgasm in women with SCI is reported in
Chapter 24.

Female genital mutilation
The wording “female genital cutting” (FGC) or “fe-
male genital mutilation” (FGM) describes a cultural
custom aimed at modifying the female genitalia
through an invasive intervention [21–24]. FGC and
FGM are used interchangeably. Practiced mostly in
Islamic countries, it is not an Islamic practice but a
cultural practice. The proponents of FGM believe
that: (1) the practice reinforces a woman’s place in
the society; (2) it establishes eligibility to marriage;
(3) it initiates a girl into womanhood; (4) female gen-
itals are ugly, unhygienic and in need of cleaning; (5)
the practice safeguards virginity; (6) it protects fertil-

ity; (7) it enhances a partner’s sexual pleasure [22].
The cutting can be performed at different ages, from
birth to the pre-pubertal years. Different instru-
ments may be used, with different degree of inva-
siveness and sepsis/asepsis, with a spectrum of
short-term and long-term side effects, medical and
sexual [21–24]. FGC includes a spectrum of surgical
excisions from partial to complete clitoridectomy, in-
cluding the removal of the labia minora and/or ma-
jora, scarifying the remnants, and even inserting a
matchstick to maintain a sufficient opening for uri-
nation. The four types of FGM are summarized in 
Table 26.2 [24].

Associated complications can be either immediate
or delayed. Their severity further contributes to the
sexual disorders potentially associated with FGM. At
the time of the procedure, medical complications 
include hemorrhage, shock, infection, urinary re-
tention, septicemia, and even death. Severe pain, 
because of lack of anesthesia (except for the inter-
ventions more recently practiced by physicians in
medical facilities) can contribute to emotional and
physical shock. Delayed medical complications in-
clude hematocolpos, menstrual disorders, vaginal
stenosis, infertility, which is reported as high as 30%
when type 3 FGM is performed, urethral stenosis, re-
current bladder infections, and inability to void ap-
propriately [22,24]. Obstetric complications include
prolonged labour and fistula formation between the
vagina and the bladder because of the prolonged
labour secondary to the altered birth canal.

Table 26.2 Classification of female genital cutting or
female genital mutilation.

Type 1 Excision of the prepuce and/or partial
clitoridectomy (“sunna”)

Type 2 Removal of the shaft of the clitoris and partial or
total excision of the labia minora

Type 3 Clitoridectomy, excision of labia minora and
majora (“pharaonic” FGM); infibulation is the
reapproximation of the cut ends

Type 4 Refers to any other form of genital manipulation,
for example, burning, pricking or piercing

Source: World Health Organization (1999) [24].
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Late-appearing scars include inclusions, vulvar
cysts and abscesses, and colloid formation. The im-
pact of FGM on women’s sexuality encompasses a
spectrum of outcomes. Women who suffered from
early and/or late complications are more likely to re-
port a negative impact on their sexuality; the more
invasive the FMG, the higher the probability of
serious consequences. A research study with 250
Egyptian women who underwent type 3 FGM
showed statisticially significant complaints of dys-
menorrhea (80.5%), vaginal dryness during inter-
course (48.5%), lack of sexual desire (45%), less
frequency of sexual desire per week (28%), less ini-
tiative during sex (11%), being less pleased by sex
(49%), being less orgasmic (39%), less frequency of
orgasm (25%), and having difficulty experiencing
orgasm (60.5%), compared with uncircumcised
women [50]. However, other psychosexual prob-
lems, such as loss of interest in sex-play and dyspare-
unia, did not reach statistical significance. The study
suggests that circumcision has a negative impact on a
woman’s psychosexual life [50]. Other studies report
that dyspareunia is the most frequently reported
FSD. It affects from 35% to 45% of women who un-
derwent FGM; the wider the excision (type 3), the
higher the probability of adverse outcomes. Howev-
er, research on women who did not complain of early
or late adverse events reported higher sexual desire,
arousal, coital orgasm, and satisfaction than uncut
controls. Meaning of the procedure, the perception
of a higher personal value and of a better body image
because of it, and the sense of a stronger social
approval may modulate the psychosexual impact 
of the genital cutting (see the excellent review by
Obermeyer [21]). Further research is needed to de-
fine the subset of women who may need sexual help
after FGM. The proposal of “alternative rites” to
FMG, aimed at maintaining the ritual social meaning
while avoiding any physical cutting, is one of the
current most credited approaches to prevent this
high-risk and invasive practice.

Conclusion

Iatrogenic factors are increasingly recognized as 
predisposing, precipitating, and/or maintaining 
co-factors of FSD. Further research is needed to

quantify the extent of this causality, the role of con-
founders, the preventive measures that should be
encouraged to reduce iatrogenic FSD, and the legal
implications of a claim of damaged sexuality. Clini-
cians should be encouraged to train in sexual medi-
cine and include at least the basics of sexual history
taking in their clinical practice, to reduce the iatro-
genic contributors of FSD. Referral to a specialist in
this area is also important.
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Introduction

Menopause is characterized by the exhaustion of the
ovarian production of oocytes, estrogens, and prog-
esterone, with consequent permanent amenorrhea,
anovulation, and sterility. The ovarian production of
testosterone is gradually reduced from the twenties
onwards, but is maintained across natural
menopause [1,2]. It is completely lost in surgical
menopause (bilateral oophorectomy) (Table 27.1).

The loss of sexual hormones has a widespread ef-
fect on all systems and organs, as virtually all cells of
the female body have receptors for sexual hormones
[3]. This loss accelerates the negative multisystemic
effects of aging, with a further detrimental effect.
Menopause is characterized by symptoms and signs
of sexual hormone loss, with a spectrum of variabili-
ty and severity, according to: age at menopause (the
younger the woman the higher the vulnerability)
[4,5]; its etiology (spontaneous or iatrogenic, from
benign or malignant conditions) [4,5]; the genetic
inheritance of the organ vulnerability to this loss, the
woman’s general health status and lifestyle [2,5],
and the quality of medical care [5]. Predisposing,
precipitating, and maintaining factors—biologic and
psychosocial—specifically contribute to the patho-
physiology of female sexual disorders during the
menopausal transition [6]. Symptoms and signs of
menopause can be attenuated by the possibility,
availability, and feasibility of hormone replacement
therapy (HRT) [6–10], now under further study
[10–14].

Even the wording of HRT has been questioned
[11,13,14]. Following the Women’s Health Initiative
(WHI) report [9], the National Institute of Health
(NIH) suggested that a combination of estrogen and

progestogen is not a physiologic replacement. The
US Food and Drug Administration (FDA) has recom-
mended the use of the term HT (hormone therapy)
as a more correct description of this treatment, 
an indication completely accepted by the North
American Menopause Society position statement
(October 2004) [11]. The ongoing international de-
bate has now accepted HT as a comprehensive term,
while maintaining HRT for the symptomatic woman
[10,12,14], up to five years after the menopause. The
acronyms currently used in the literature to describe
different hormonal treatments are summarized in
Table 27.2. However, for ease of reading, the com-
prehensive term HT will be used, unless specific
words are needed.

Current Controversy on 
Hormonal Therapy

Epidemiologic studies indicate that current key pre-
dictors of HT use are: age at menopause (the younger
the woman, the higher the probability she will re-
quire and be prescribed HT); type of menopause (surgi-
cal menopause is three times more likely to be
hormonally treated); and education and socioeconomic
level (women better educated and with higher so-
cioeconomic background are more likely to require
and use HT) (reviewed in [5]).

Up to 75% of women with a premature, early, or
natural menopause may complain of one or more
impairing menopausal symptoms, affecting their
quality of life, which may be alleviated or cured with
appropriate HT [10–14,18–24].

Unfortunately, the Women’s Health Initiative
(WHI) publication [9] and the following data analy-
sis [15,16] led to concerns, fear, and distrust toward
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HRT, in women and in physicians [5]. WHI data ex-
acerbated the worries previously raised by the Heart
and Estrogen/Progestin Replacement Study (HERS
I) [7] and HERS II [8]. The Million Women Study
(MWS) [17], in spite of its lower level of evidence (II-
2) compared to the WHI (I) and HERS I and HRS II
(I), further increased concerns by the extensive neg-

ative media coverage it generated. Weaknesses and
strength of the WHI have been discussed in previous
papers [5,11–12,14,18,24,37]. Critical data emerg-
ing from the WHI are discussed under the paragraphs
“Indications for HT” and “Risks of HT.”

Fear was triggered by the inappropriate media read-
ing of odds ratios. A key practical recommendation,

Typical serum level, pg/ml

Reproductive Natural Iatrogenic
Steroid hormone age menopause menopause

Estradiol 100–150 10–15 10
Testosterone 400 290 110
Androstenedione 1,900 1,000 700
DHEA 5,000 2,000 1,800
DHEAS 3,000,000 1,000,000 1,000,000

DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate.

Adapted from Lobo (1999) [2].

Table 27.2 Terminology for peri- and postmenopausal therapy*.

ET: Estrogen therapy

EPT: Combined estrogen and progestogen therapy

Progestogen: Encompassing both progesterone and progestin

Systemic ET/EPT: Preparations of ET or EPT that have a systemic, not solely vaginal, effect

Local ET: Preparations of ET that have a predominantly vaginal, not systemic, effect

HT: Hormone therapy (encompassing both ET and EPT) in asymptomatic women such as those in RCT (late
therapy)

HRT: Hormone replacement therapy, which includes administration of hormones to symptomatic estrogen-
deficient women, in the late perimenopause or early postmenopause, such as those in observational
studies

CC-EPT: Continuous combined estrogen-progestogen therapy (daily administration of both estrogen and
progestogen)

CS-EPT: Continuous sequential estrogen-progestogen therapy (estrogen daily, with progestogen added on a set
sequence)

* Adapted from Sturdee & MacLennan (2003) [13], the North American Menopause Society Position statement [11], the
European Menopause and Andropause Society position statement [12], and the International Menopause Society (IMS)
Hormone Replacement Therapy: practical recommendations [14].

Table 27.1 Typical premenopausal
and postmenopausal serum steroid
hormone concentrations.
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when discussing risk and benefit with patients, is 
to distinguish absolute risk/benefit from relative
risk/benefit, which is expressed as a percentage in-
crease or decrease in absolute risk. This means, for
example, that the reported 26% increase in the rela-
tive risk of breast cancer in the WHI is actually an ab-
solute excess of four breast cancers for 1000 women
treated for five years, or less than one excess case per
1000 women per year of treatment [14]. The latter sim-
ple figures should be used. In recognition of this
communication and risk perception problem, the
Council for International Organizations of Medical
Sciences (CIOMS) task force released its report in
1998, providing a risk categorization to assist health-
care professionals and the public when interpreting
risks (discussed in [11]). In this context, risks are
considered as follows:
• <1/1000 = rare
• <1/10,000 = very rare
The meanings of absolute risks of HT are reviewed in
detail in recent position papers [10–12].

Reactions to the findings of the randomized con-
trolled trials (RCTs) on the impact of HT on women’s
health have caused a significant drop in medical pre-
scriptions. They have dramatically illustrated the 
uncertainty and the emotional vulnerability of the
medical profession regarding the usefulness and
even the safety of HT [5]. Authoritative position
statements [10–12] and practical recommendations
and guidelines [14,18–20] aimed at helping clini-
cians by clarifying the contradictory evidence
emerging from the previous observational data vs
the most recent RCTs, HERS I, HERS II, and WHI,
have been published. Their conclusions and the 
most relevant published data will be the base of the
present chapter, aimed at helping the clinician in
his/her daily practice with the increasing population
of postmenopausal women. Indeed, the negative
domino effect of a symptomatic menopause may
negatively affect the sexual well-being of the woman
and the couple, unless appropriately treated (see 
the review of RCT on HT and sexuality by Alexander
et al. [21], the review of observational studies on
menopause and sexuality by Dennerstein et al. [22],
the comprehensive clinical approach to FSD and HT
discussed by both Graziottin and Basson [4]—
focused on premature menopause and sexuality, and

by Graziottin [23]—focused on natural menopause
and senium).

Clinical Approach to 
Hormonal Therapy

HT consists of an estrogen (estradiol or equine con-
jugated estrogens) combined with a progestogen, 
in non-hysterectomized women. Progestogens are
given either cyclically or continuously with the es-
trogen, to protect the endometrium from hyper-
plasia. They are not indicated in hysterectomized
women. Different routes of administration are used:
oral, transdermal, subcutaneous, intranasal, and
vaginal. Because of the lack of the first-pass effect on
the liver, the non-oral route of administration may
be preferable in women with hypertriglyceridemia,
migraine headache, or even increased risk of venous
thrombosis [14]. Progestogens can be administered
through an intrauterine device (IUD). Over 50 types
and combinations of HT are available [24].

Initiation of treatment
As a general principle, HT should be initiated when
menopausal symptoms occur [10–12,14,18]. In the
perimenopause, treatment will be tailored according
to the type of symptoms. HT includes:
• progestogens during the second half of the cycle, if
menstrual disturbances are the main symptom;
• HT, if vasomotor symptoms have begun even in
presence of sporadic menstrual periods, or if cycle
regulation is needed;
• hormonal contraceptives (oral, preferably low-
dose, patches or vaginal ring), if contraception is 
required.
The majority of metabolic changes, including bone
resorption, start during the perimenopause.

Dose recommendation and 
hormone choice
Estrogens
The dose of estrogen should be the lowest needed to
relieve symptoms effectively. Recommended start-
ing doses include:
• 0.5–1mg 17 β-estradiol
• 0.3–0.45mg conjugated equine estrogens
• 25–37.5µg transdermal (patch) estradiol
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• 0.5mg estradiol gel
• 150µg intranasal estradiol.
Symptoms should be reassessed after 8–12 weeks of
treatment and the dose adjusted if necessary [14]. 
In about 10% of patients, especially women with
premature ovarian failure (POF) or early iatrogenic
menopause, a higher dose may be required
[10–12,14,18].

Progestogens
Three major classes of progestogens are currently
available, according to their origin from 17-OH-
progesterone, 19-nortestosterone, 17-alpha-spiron-
olactone (reviewed in [6]). They may interact with
five different receptors: progestinic, estrogenic, an-
drogenic, glucocorticoid, and mineralocorticoid,
with agonist, antagonist, or neutral effect [6]. Their
metabolic, endocrine, and sexual action can there-
fore be very different from one progestogen to an-
other. This is the major reason why some negative
data emerging from RCTs, such as WHI, using the
specific progestogen, medroxyprogesterone acetate
(MPA), with a high mineralocorticoid affinity and
therefore a negative vascular profile, should not be
generalized to the whole class of progestogens
[6,14,18]. The choice of progestogens (progesterone
or synthetic progestins) should be tailored according
to the patient’s therapeutic needs (androgenic, anti-
androgenic, neutral) and metabolic risk profile [6].
The dose and schedule should be adjusted to: the
dose of estrogens, to guarantee the endometrial 
protection; to the regimen preferred (continuous
combined versus sequential) and to the route of 
administration (oral, transdermal, subcutaneous,
vaginal, or intrauterine [progestogen releasing 
intrauterine device]).

Other hormonal options for the
treatment of menopausal symptoms
Androgens
RCTs indicate the positive effect of androgens, name-
ly testosterone, on different domains of female 
sexual function (reviewed in [21,22]). The use of 
androgens locally for vulvar dystrophy and clitoral
insensitivity is often overlooked, but is a very effica-
cious treatment for genital sexual dysfunction [14].
Dehydroepiandrosterone (DHEA) administration is

able to improve the quality of life in elderly patients.
It also determines an estrogen-like restoration of β-
endorphin basal and stimulated level, indicating a
modulation of the neuroendocrine function. In ad-
dition, the positive effect on Kuppermann score
(which quantifies the severity of menopausal symp-
toms), with no changes on endometrial thickness,
suggests that DHEA administration in the post-
menopause may be considered as a possible real re-
placement treatment [20]. However, no androgenic
treatment for the menopause has yet been approved
at the time of writing (November 2005).

Tibolone
This molecule is a derivative of norethynodrel, a
progestogen with androgenic activity. It has been de-
fined as a selective tissue estrogenic activity regula-
tor (STEAR). Tibolone is a prodrug that rapidly
converts after intake, in the intestinal tract and liver,
to various metabolites that are systemically active as
progestogen, androgen, or estrogen. It has different
actions on different target organs, which provide an
overall favorable risk–benefit profile [14,19,23,26].
Clinically, tibolone treats menopausal symptoms, in-
cluding hot flushes and vaginal dryness, as effective-
ly as estrogen therapy (ET), and, most importantly,
improves sexual response, while having a positive
effect on bone [14,19]. Widely used across the world,
it is not approved in the USA at the time of writing
(November 2005).

Duration of treatment
The duration of treatment is based on the indication
and the persistence of symptoms. Guidelines and 
position statement [10–12,14,18] recommend 
that:
• the appropriate indication, dose and type of HT
should be re-evaluated annually;
• the need for continuing treatment to relieve
menopausal symptoms can be determined only by
temporarily discontinuing the therapy. In general,
this can be considered after 2–3 years. If symptoms
do not recur, HT does not need to be reinstated;
• long-term therapy, usually topical, i.e. vaginal,
may be required for ongoing relief from the symp-
tom of urogenital atrophy (see also Chapters 23 and
25).
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Monitoring treatment
Pretreatment clinical assessment should include his-
tory and physical examination, with measurement
of weight and blood pressure. The history should be
directed, in particular, to potential indications and
contraindications (see below). Menopausal symp-
toms, menstrual and sexual history, co-morbidity 
between urogenital and sexual disorders [4,23], 
personal and or family history of osteoporotic frac-
ture, venous thromboembolism, breast cancer, car-
diovascular disease, and Alzheimer disease should
be evaluated and reported in the medical record
[12,14,18]. The clinical examination should include
a complete breast and gynecologic examination
[12]. It should pay special attention to vulvovaginal
trophism, including the measurement of vaginal 
pH, the pelvic floor tonus, which may indicate 
specific non-hormonal —besides topical hormonal —
treatment to address urogenital and sexual co-
morbidities [25,26], and the presence of painful 
vulvar, mid-vaginal, and deep painful points (see
also Chapter 25) [4,23,25]. Patients should be re-
evaluated annually. Additional investigations
should be guided by this evaluation [14].

Additional instrumental assessments
• Mammography: frequency according to local na-
tional guidelines. When mammographic density is
present, to avoid diagnostic difficulties, discontinua-
tion of HT for 2–4 weeks before mammography can
be considered.
• Vaginal ultrasound and/or endometrial biopsy: if indi-
cated by abnormal vaginal bleeding.
• Bone mineral density measurement based on national
guidelines [10–12,14,18].

Indications for and Benefits of
Hormonal Therapy

Menopausal symptoms and quality of life
Menopause-related decline in estradiol has been
linked to a decline in sexual interest, enjoyment,
arousal, and orgasm in observational studies [23]
and has been found in RCTs to have positive effects
on a number of domains of sexual function (see the
review of RCTs by Alexander et al. [21]). The direc-
tion of causality is that decline in estradiol increases

vasomotor symptoms, which affect mood, and
which then affects sexual response.

Autonomic disturbances such as hot flushes,
sweating, insomnia, and palpitations can be relieved
by HT [2,4–6,10–12,14,18,26]. Other symptoms
such as fatigue, irritability, nervousness, and 
depressed mood may be improved [2,4–6,
10–12,14,18]. Sexual symptoms, when caused by a
domino negative effect consensual to the meno-
pausal autonomic disruption, and loss of genital
trophism, may be improved as well. In this way, the
quality of life can be maintained. Progestogens,
according to their structure and metabolic and en-
docrine profile [6,14,18], can potentiate or oppose
the action of estrogens. Every systemic ET/estrogen-
progestogen therapy (EPT) product is government-
approved for this indication [11].

Premature menopause
Women undergoing premature menopause (PM)
(either premature ovarian failure (POF) or iatro-
genic) are exposed to the dramatic long-term conse-
quences of deprivation of sexual hormones; the
earlier the menopause, the worse the impact on gen-
eral health and sexual well-being [4]. This neglected
group of patients is increasing. Table 27.3 outlines
the various etiologies underlying PM, including ge-
netic, autoimmune, those associated with chronic
disease, as well as iatrogenic, in the context of benign
or malignant disease (reviewed in [4]). Spontaneous
ovarian failure affects on average 1% of women
under 40 years of age [27], although percentages as
high as 7.1% have been recently reported [28]. The
Study of Women Across the Nation (SWAN) [27] in-
dicates that POF was reported by 1.1% of women. By
ethnicity, 1.0% of Caucasian, 1.4% of African
American, 1.4% of Hispanic, 0.5% of Chinese, and
0.1% of Japanese women experienced POF. The dif-
ferences in frequency across ethnic groups were sta-
tistically significant (p = 0.01). Lifestyle-related
sociocultural factors may be important contributors
to age at menopause, as well as modulators of its im-
pact on sexual well-being.

Iatrogenic menopause, for benign and malignant
conditions, affects 3.4–4.5% of women under 40
[4,29,30] and up to 15% between 40 and 45 years of
age. The five-year survival for all malignancies in
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childhood and adolescence is 72% (up to 90% for
some cancers) [31–33], with an increasing number
of survivors facing the challenges of adulthood de-
prived of their gonadal hormones, unless an appro-
priate HT for dosage, type and length of treatment is
prescribed. Premature menopause is associated with
an accelerated risk of osteoporosis, and probably
coronary heart disease (CHD) [12,14,18] and
Alzheimer disease. Distressing sexual disorders are
more frequently reported in women with PM [4,34],
particularly after bilateral oophorectomy. A recently

published randomized placebo-controlled trial was
conducted in surgically menopausal women (aged
24–70) who developed stressful hypoactive sexual
desire disorder [35]. Treatment with 300µg/day
testosterone patches on estrogen-repleted women
increased sexual desire and frequency of satisfying
sexual activity, and were well tolerated [35]. How-
ever, this treatment has not been approved at 
this time.

In PM women, the risk of breast cancer after HT
corresponds to the risk found in premenopausal
women of similar age who have not suffered an 
iatrogenic or premature menopause. Consensus
therefore exists on the recommendation that
women who have undergone PM (unless associated
with hormone-dependent cancer, such as breast
cancer or genital adenocarcinomata) should be of-
fered HT, at least until the average age of menopause (51
years) [10–12,14,18].

Urogenital and sexual symptoms
Atrophic changes in the urogenital tract and their
consequences (for example, vaginal dryness, dys-
pareunia, urinary frequency and urgency, postcoital
cystitis) are improved by ET. When prescribed solely
for the treatment of such symptoms, topical low-
dose vaginal products are the treatment of choice
[4–6,10,12,14,18]. ET may well address the urogen-
ital co-morbidity [35] that increases with increasing
age, unless appropriate ET is prescribed. Long-term
treatment is often required as symptoms can recur
on cessation of therapy. Every systemic and local
ET/EPT product is government-approved for this 
indication [11].

Osteoporosis
Necessary but not sufficient measures in the preven-
tion and treatment of postmenopausal osteoporosis
include regular weight-bearing exercise, cessation of
smoking, adequate calcium intake, and insuring
normal levels of vitamin D. Estrogens prevent post-
menopausal bone loss and reduce fracture risk (as
shown both in observational studies and in RCT)
[8,9], reviewed in [19].

Some progestogens (19-nortestosterone deriva-
tives) potentiate the action of estrogens. Low-dose
HT prevents the loss of spinal and hip bone mass both

Table 27.3 Factors affecting sexual outcome after
premature menopause.

1 Etiological factors
• POF vs. PM associated with chronic disease
• iatrogenic: benign vs. malignant
• debility from associated medical conditions
• severity of the residual chronic pelvic pain & deep

dyspareunia in endometriosis
• type of cancer, stage and prognosis, conservative vs.

radical surgery
• cancer hormone-dependence (breast cancer and genital

adenocarcinomata)
• adjuvant chemo/radiotherapy/bone marrow transplant.

2 Factors associated with life stage
• more complex negative effects on sexuality in younger

women
• teenage PM interrupts psychosexual maturity
• fulfilment of life goals prior to diagnosis

3 Factors personal to the woman
• coping strategies
• premenopausal sexual experiences and quality
• premorbid personality and psychiatric status
• previous erotic self-perception, sexual self-confidence
• education, social and professional role

4 Contextual factors
• family dynamics (attachment vs. autonomy, in

peripubertal children and adolescents)
• couple’s dynamics and marital status
• support network (family, friends, colleagues, self-help

groups)
• quality of medical and psychosexual care
• ethnicity and sociocultural issues

POF, premature ovarian failure; PM, premature menopause.
Adapted from Graziottin & Basson (2004) [4].
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in recently postmenopausal women and in elderly
patients. Standard dose HT lowers the risk of spine,
hip, and forearm fractures [10–12,14,18,19]. HT
may be an initial option for osteoporosis prevention
and for fracture risk reduction in the asymptomatic
woman at significantly increased fracture risk. Such
treatment could be the first step of a long-term pro-
gram, which may subsequently involve the use of 
selective estrogen receptor modulators (SERMs),
and/or bisphosphonates and teriparatide, when 
indicated [10–12,14,18,19].

Colon cancer
EPT reduces the risk of colorectal cancer. Both previ-
ous observational data and the EPT part of the WHI
trial show a significant reduced risk. It is unknown
how long the effect of combined HT persists after
treatment is stopped or how HT affects mortality
from colorectal cancer. The reduction of risk has not
been shown with ET [12].

Diabetes
HT may decrease the risk of developing type 2 dia-
betes by increasing insulin sensitivity. The EPT part
of the WHI study [9] as well as HERS [7,8] demon-
strated a significant decreased risk of developing dia-
betes in hormone-treated women [12].

Other benefits
HT can slow the typical thinning of the skin and 
the mucosal atrophy that occurs after menopause.
Lacrimal and salivary secretion are modulated by
sexual hormones. Eye dryness and mouth dryness,
increasingly complained of after the menopause, can
be attenuated by HT. The positive impact of skin ap-
pearance and trophism can greatly improve personal
confidence and feeling of well-being [4,14,23].

Table 27.4 summarizes the latest recommenda-
tions of the European Menopause and Andropause
Society, EMAS [12].

Risks of Hormonal Therapy

Breast cancer
Breast cancer risk probably increases with EPT use
beyond five years [11]. In absolute terms, this in-
creased risk is small in the WHI, being four to six ad-

ditional invasive cancers per 10,000 women who use
it for five or more years, and of possible statistical
significance [11]. There is no mortality difference be-
tween users and non-users. Women in the estrogen-
only (CEE) arm of the WHI demonstrated no
increased risk of breast cancer after an average of 6.8
years of use. There was a non-significant trend to-
ward reduction of breast cancer in women overall,
with this trend strongest in women under age 60
(seven fewer breast cancers per 10,000 women)
[11,12]. Specific subgroups may be affected in differ-
ent ways [11,12]. To place the above in perspective,
the increased risk of diagnosis of breast cancer with
HT is similar to the increased risk of it with such fac-
tors as an early menarche (before age 11 years), a late
first pregnancy (over 35), nulliparity, and moderate
alcohol consumption (>20g/day). The increased risk
attributed to HT is much less than that associated with obe-
sity [36]. Due to the risk of recurrence, HT should not
be prescribed to women with previous breast cancer
(grade B recommendation) [12].

Endometrial cancer
In women with an intact uterus, unopposed ET caus-
es a dose- and duration-dependent increase in the
risk of endometrial hyperplasia and cancer. Estrogen
should therefore be combined with progestogen therapy
(grade A recommendation). Endometrial protection
is currently the only menopause-related indication
for progestogen use [10–12,14,18,36]. No increased
risk of endometrial cancer has been found with con-
tinuous combined regimens.

Ovarian cancer
Observational studies and the WHI indicate that EPT
may be associated with a slightly, albeit significant,
risk of epithelial ovarian cancer after long-term use
(>10years) [12]. However, with continuous com-
bined therapy this risk does not seem apparent.

Venous thromboembolism
HT should not be prescribed to women with a 
previous episode of deep venous thromboembolism
(DVT) (grade A recommendation). HT increases risk
of DVT three-fold with the highest risk occurring in
the first year of use. The overall risk in menopausal
women age 50–59 is of the order of 3–4 in 10,000 per
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year. The absolute rate increase is impacted by body
mass index (BMI) and genetic predisposition.

The absolute risk of pulmonary embolism (PE)
based on data from all trials implies that in 1000
women 50–59 years of age, taking HT for five years
there would be an additional two cases [12]. Accord-
ing to CIOMS criteria, this is a rare event [11]. Trans-
dermal estradiol could be different in that the
metabolic impact on thrombophylia is different ac-
cording to the route of administration, being higher
with oral continuous combined (CC).

Stroke
HT should not be prescribed to women with previous
stroke (grade A recommendation) [12]. The WHI
trial evidence that both ET and ERT increase the risk
of stroke, with an excess risk of eight more strokes
per year for every 10,000 women on HT. When sepa-
rating by stroke subtypes, ERT was associated with
an increased risk of ischemic stroke only. In women
50–59 years of age, five years use of HT would yield
one additional case of stroke per 1000 women [12], a
rare event according to CIOMS criteria [11].

Table 27.4 EMAS* 2005 position statement on peri- and postmenopausal hormonal therapy, with grade of
recommendation.

Positive statements
• Lifestyle management, with emphasis on exercise, dietary intake, and cessation of smoking is recommended, to increase

the quality of life and reduce the risk of cardiovascular disease, osteoporotic fractures, and also breast cancer (grade A
clinical recommendation)

• Systemic ET or EPT alleviates moderate and severe climacteric symptoms, especially vasomotor symptoms (grade A
recommendation). No alternative treatment exists with similar effect.

• HRT can beneficially affect quality of life in women with climacteric symptoms (grade A-B clinical recommendations). The
effect is independent of the route of administration

• An overall beneficial risk-benefit ratio of HRT in women with an early (<45 years) natural or iatrogenic menopause is
documented (grade A-B recommendation). In particular, the risk of breast cancer corresponds to the risk found in
premenopausal women of similar age, who have not suffered an iatrogenic or premature menopause

• ET and EPT reduce the risk of both spine and hip as well as other osteoporotic fractures. HRT is an effective method of
preventing fracture in all age groups of women who are most susceptible (grade A recommendation). HRT may be the best
option in young women or menopausally symptomatic women. Alternatives to HRT use are available and may generally be
preferable for the long-term prevention and treatment of osteoporosis in elderly women

• HRT decreases the risk of developing type 2 diabetes (Grade A-B recommendation)

Risks and controversies
• HT should not be used as prevention against CHD (grade A clinical recommendation). Results from both the secondary

prevention HERS and the EPT of the WHI study show that EPT does not confer cardiac protection and may increase the early
risk of CHD. However, the information from the ET WHI study indicates no harmful effect of ET on the CHD rate

• HT should not be used as prevention against Alzheimer disease (grade A clinical recommendation). HT does not improve
established brain damage

• HRT is associated with an increased risk of breast cancer. The magnitude of the excess relative risk is greater when estrogen
is combined with progestogen, sequentially or continuously. The absolute excess risk corresponds to 1–2 cases per 100
women among the age groups of 50 to 70 years

CHD, coronary heart disease; EPT, combined estrogen and progestogen therapy; ET, estrogen therapy; HERS, Heart and Estrogen/
Progestin Replacement Study; HRT, hormone replacement therapy; HT, hormone therapy; WHI, Women’s Health Initiative.
* EMAS: European Menopause and Andropause Society, which has 21 affiliated National Menopause Societies.
Adapted from Skouby and the EMAS Writing Group: Sven O. Skouby (President), David Barlow, Martina Dören, Göran
Samsioe, Anne Gompel, Amos Pines, Farook Al-Azzawi, Alessandra Graziottin, Decebal Hudita, Erdogan Ertüngealp, Joaquin
Calaf-Alsina, Serge Rozenberg, and John C. Stevenson [12]. With acknowledgments to: Sven S. Skouby, President of the
European Society of Menopause and Andropause (EMAS), and Marco Gambacciani, Member of the Board of the
International Menopause Society (IMS), for their constructive comments.
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Gallbladder
The WHI confirmed the observation of HERS that 
HT increases the risk of gallbladder disease. As gall-
bladder disease increases with aging and with 
obesity, HT users may have a silent pre-existing 
disease [24].

Controversial Risk/Benefit Issues
and “Window of Opportunity”

Based on observational studies [38,39], prevention
of CHD and of Alzheimer disease were considered an
indication for HT. The recent RCTs (WHI, HERS I, and
HERS II) questioned this indication. Accurate revi-
sion of data per cohort of age suggest that HT pre-
scribed soon after the menopause may have a favorable
protective effect on all vessels, when treated women are
still relatively healthy. HT may precipitate adverse
vascular events when prescribed later in life, when
vascular atherosclerotic damage has already been es-
tablished. Similar mechanisms seem to be valid for
the brain.

The concept of “window of opportunity” [14] sug-
gests therefore that timing of HT may be critical in
modulating positive or adverse effects. In particular:
• HT may have a positive cardiovascular effect 
when prescribed during and after the menopausal
transition [14].
• HT should not be used as prevention against CHD
(grade A clinical recommendation). Results from
both the secondary prevention HERS and the EPT of
the WHI study show that EPT does not confer cardiac
protection and may increase the early risk of CHD.
However, the information from the ET WHI study in-
dicates no harmful effect of ET on the rate of CHD.
The concept of “window of opportunity” or “thera-
peutic window” may help to understand the contra-
dictory data between early observational data and
the HERS and WHI trial [14].
• HT should not be used as a prevention against
Alzheimer disease (grade A clinical recommenda-
tion). HT does not improve established brain damage.
The WHI found a two-fold risk of dementia (possibly
of thrombotic origin), significant in women only
over the age of 75. Deterioration of cognitive func-
tions in the WHI was found in women over age 65,
especially in those with lower cognitive function at

the initiation of treatment. However, the cohort
analysis, indicating a cognitive benefit for women on
HRT soon after the menopause, suggests that the
concept of “therapeutic window” may apply to brain
health as well.

Contraindications

According to regulatory authorities, contraindica-
tions can be summarized as follows [36]:
• Current, past or suspected breast cancer
• Known or suspected estrogen-dependent genital
malignant tumors (e.g. adenocarcinoma of the en-
dometrium, ovary, and cervix)
• Undiagnosed genital bleeding
• Untreated endometrial hyperplasia
• Previous idiopathic or current venous throm-
boembolism (deep venous thrombosis, pulmonary
thromboembolism)
• Active or recent arterial disease (e.g. angina, my-
ocardial infarction)
• Untreated hypertension
• Active liver disease (hepatitis)
• Porphyria cutanea tarda (an absolute contraindi-
cation)
• Known hypersensitivity to the active substances
or to any of the excipients.

Therapeutic Options 
and Alternatives

When HT is not tolerated, or is contraindicated, a
number of alternative therapies can be considered
[14,37,40,41]:
• Phytoestrogen-rich herbal extracts may improve
menopausal symptoms, although such improve-
ment may be similar to that seen with placebo. The
plausibility of this effect is based on the affinity of
phytoestrogens for the estrogen beta receptors. The
total picture produced by conscientious review of the
studies is bleak overall, but there seems to be good
reason to pursue the possibilities inherent in soy pro-
tein with phytoestrogens in populations of women
who endogenously produce equol [40]. However,
the phytoestrogen’s action is currently being investi-
gated with contradictory findings. No conclusions 
on their specific role, efficacy dose, side effects, and
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contraindications can be determined at the time of
writing (November 2005) [14,37,40,41].
• Phyoestrogens may slow the rate of bone loss, but
fracture risk reduction has not been demonstrated
[14,19,37].
• Alpha-adrenergic agonists, such as clonidine, are
moderately effective in relieving hot flushes.
• High doses of progestogens (5–10mg norethis-
terone acetate (NETA), 20–40mg MPA or megestrol
acetate/day) effectively reduce hot flushes. Long-
term safety on the breast has not been demonstrated
[14,19].
• Neuroactive drugs, e.g. selective serotonin recep-
tor inhibitors (SSRIs), are able to relieve vasomotor
symptoms with moderate efficacy and may be tried
for short periods when HT is contraindicated or not
desired [42].
• Recent reports, including a RCT in 420 breast can-
cer patients [43], suggest that gabapentin, an anti-
seizure medication, reduces hot flushes.
• Bisphosphonates can be used to treat osteoporosis,
especially in older postmenopausal women with a
history of osteoporotic fracture [14,19,37].
• Selective estrogen receptor modulators (SERMs),
such as raloxifene, are licensed for the prevention
and treatment of spinal osteoporosis in post-
menopausal women. They have not been shown to
reduce hip fracture risk. In early postmenopausal
women, SERMs are not able to reduce the vasomotor
symptoms and may make them worse [14,44]. Pre-
liminary evidence suggests that they may reduce
breast cancer risk.

Conclusions

Healthy lifestyle, with emphasis on exercise, dietary
intake, and cessation of smoking, is recommended,
to increase the quality of life and reduce the risk of
cardiovascular disease, osteoporotic fractures, and
also breast cancer, before and after menopause.

With the current level of evidence, HT should only
be prescribed when it is clearly indicated, primarily
for symptom relief. In this context, there is no effective
alternative to estrogen or estrogen-progestogen
treatment. HT has a specific role in women with pre-
mature menopause, and should be considered until
the age of natural menopause (51 years). It has nu-

merous beneficial effects, if prescribed soon after the
menopause, when the “window of opportunity” po-
tentiates its beneficial impact on likely healthy or-
gans and tissue. HT involves some additional risks of
venous thromboembolic disease, stroke, and breast
cancer after long-term therapy. The incidence of
these risks is evaluated as rare or very rare, according
to CIOMS criteria. The need to continue with treat-
ment and the indications for HT should be reviewed
regularly when used in the long term. Constant up-
dating is required in the rapidly evolving field of
menopausal management.
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Female Sexual Disorders: Future Trends
and Conclusions
Alessandra Graziottin, Beverly Whipple, Lorraine Dennerstein, Jeanne L Alexander, 
Linda Banner, and Annamaria Giraldi

ogy of FSD has had a renaissance. Similarities and
differences between men’s and women’s sexual
function and disorders have undergone intense
scrutiny [1–3,7–8,11–14,15–18,20]. A significant re-
search commitment to investigate the biologic basis
of FSD is ongoing. However, so far (December 2005)
no specific pharmacologic treatment has been specif-
ically approved for FSD. The gap between the differ-
ent research speeds between the two genders has not
yet been filled.

The International Society for Sexual Medicine
(ISSM), with a prominent urologic component, is to
be acknowledged for a tremendous educational ef-
fort in sexual medicine, for men first, and now also
for women. This book witnesses the increasing at-
tention dedicated to the biologic basis of FSD, and to
the educational effort to translate a huge dataset into
a meaningful clinical practice.

The FSD sub-committee wishes to express grati-
tude to ISSM for hosting this section, and for promot-
ing awareness of women’s rights to be counseled on
their sexual concerns and appropriately treated for
their sexual problems with a balanced approach
between medical and psychosexual/contextual co-
factors.

The future of FSD is challenging and exciting, in
the research, in the educational and in the clinical
arena. The commitment is huge, the effort demand-
ing, the reward (emotional, ethical and human) is in-
creasing. But it requires integrated, multidisciplinary
work, witnessed in the various scientific and clinical
backgrounds of different specialists and health care
providers working with passion in the FSD field.

Historically, recognition and treatment of the biolog-
ical basis of female sexual health issues mirrored the
recognition and treatment of female urologic disor-
ders [1]. Both were poorly understood, and there-
fore, under diagnosed and under treated.

On a positive note, urologists have been the 
specialists who recently took the lead in the revolu-
tionary understanding of the biologic basis of FSD.
The contribution of key urologists, including Raz,
McGuire and Kursh, began a new era [2,3].
Women’s anatomy, and specifically the role of the
pelvic floor, was reconsidered, with increasing atten-
tion to the physiologic role of sexual hormones in the
bladder, genitals and in sexual response [4,7].

Research on neurobiologic bases of women’s sex-
ual response added further visibility to the physical
basis of their sexual function or disorders, with a
multidisciplinary involvement [8–11]. Parallel re-
search on hormonal, vascular, psychosexual and
contextual factors is contributing to give meaning to
the complexity of women’s sexual function and dis-
orders [4–17].

Urologists deserve as well to be credited for a
tremendous educational effort, aimed at involving a
larger audience of clinicians in this biologically based
medical perspective. The first International Consen-
sus Conference on FSD was convened in October
1998, in Boston, under the auspices and sponsorship
of the American Foundation for Urologic Diseases
(AFUD) [18]. In 2003, under the same AFUD’ spon-
sorship, the Consensus Conference was further up-
dated [19].

Since then, research on the biologic pathophysiol-

374
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When advising cardiac patients about sexual activity
it is important to individualize the advice. We have a
statistical framework to support our recommenda-
tions but each person being advised will have, as well
as a general cardiac condition (e.g. being post-
myocardial infarction), varying degrees of effort re-
striction, determined by, for example, the size of the
infarction. In addition, each person will have per-
sonal issues regarding safety of sex, treatment of
erectile dysfunction (ED), and their confidence in re-
turning to normal activities including sex. As we ad-
vise on sex we need to remember that the problems
may have preceded the cardiac event, with impor-
tant relationship issues as a consequence.

Cardiovascular Response to 
Physical and Sexual Activity in 
Men and Women

Several studies have been performed using ambula-
tory electrocardiogram (ECG) and blood pressure
(BP) monitoring, comparing the heart rate, ECG, and
BP response to sexual activity with other normal
daily activities [1]. The energy requirement during
sexual intercourse is not excessive for couples in a
longstanding relationship. The average peak heart
rate is 110–130 beats per minute and the peak sys-
tolic BP is 150–180mmHg, resulting in a rate pres-
sure product of 16,000–22,000. Expressed as a
multiple of the metabolic equivalent (MET) of ener-
gy expenditure expanded in the resting state (MET =
1), sexual intercourse is associated with a work load
of 2–3 METs before orgasm and 3–4 METs during or-
gasm. Younger couples, who are not usually the indi-
viduals we advise, may be more vigorous in their

activity, expending 5–6 METs. The average duration
of sexual intercourse is 5–15 minutes. Therefore,
sexual intercourse is not an extreme or sustained
cardiovascular stress for patients in a longstanding
relationship who are comfortable with each other.
Casual sexual intercourse, which must be separated
from extramarital sexual intercourse with a long-
standing “other partner,” may involve a greater car-
diac workload because of lack of familiarity and age
mismatch (usually an older man with a younger wo-
man), with different activities and expectations [2].

The incidence of ED increases with age as does the
prevalence of coronary artery disease (CAD) [2,3].
The heart rate response to exercise decreases with
age and the presence of heart rate lowering anti-
ischemic drugs such as the beta blockers. The elderly
remain sexually active with no evidence of increased
cardiovascular risk from sexual activity or treatment
with sildenafil, providing the relationship is long-
standing [38]. While sildenafil does not have any 
adverse effect on exercise-induced arrhythmias, car-
diopulmonary responses during activity, or QT inter-
vals on the ECG, by facilitating sexual activity
sildenafil may encourage elderly patients to seek a
more challenging casual younger partner [30]. Ele-
vated catecholamine levels may result and adversely
affect myocardial oxygen demand or overcome the
protective action of beta blockers (which work on
the basis of competition) and thereby increase the
potential for an ischemic event.

By using our knowledge of MET equivalents in the
clinical setting we can advise on sexual safety by
comparing sexual intercourse to other activities.
Some of the daily activities and MET equivalents are
shown in Table 28.1.

CHAPTER 28
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Female Sexual Dysfunction
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Exercise Testing

Using METs, sexual intercourse is equivalent to 3–4
minutes of the standard Bruce treadmill protocol.
Where doubts exist about the safety of sexual inter-
course, an exercise test can help guide decision mak-
ing. If a person can manage at least four minutes on
the treadmill without significant symptoms, ECG
evidence of ischemia, a fall in systolic BP, or danger-
ous arrhythmias, it will be safe to advise on sexual
activity [2,3]. Drory et al. [4,5] studied 88 men with
CAD (off therapy) using ambulatory ECGs and bicy-
cle exercise tests. On ambulatory ECGs one-third of
the men had ischemia during sexual intercourse 
and all of them had ischemia on the bicycle exercise
ECG. All patients without ischemia on the exercise
test (n = 34) also had no ECG changes during sexual
intercourse. All ischemic episodes during sexual in-
tercourse were associated with an increasing heart
rate, identifying a potentially important therapeutic
role for heart rate lowering drugs (β-adrenoreceptor
antagonists, verapamil, diltiazem).

If a patient is unable to perform an exercise test 
because of mobility problems, a pharmacologic 
stress test should be utilized (e.g. dobutamine stress

echocardiography —an infusion of dobutamine ac-
celerates the heart rate with the patient supine; the
12-lead ECG records evidence of ischemia and the
echocardiogram ischemic-induced left ventricular
wall motion abnormalities).

A man who cannot achieve 3–4 METs should be
further evaluated by angiography if appropriate [2].

Advice on METs in the clinical setting and relating
this advice to sexual intercourse should also include
advice to avoiding stress, a heavy meal, or excess 
alcohol consumption prior to sexual intercourse.

Positions

As long as the couple are not stressed by the sexual
position they use, there is no evidence of increased
cardiac stress to a man or woman. Man on top,
woman on top, side to side, oral sex, and masturba-
tion are cardiologically equivalent. In homosexual
relationships, other than casual, anal intercourse is
not associated with increased cardiac stress provided
proper lubrication is used and amyl nitrate (“pop-
pers”) are not used in the presence of a phosphodi-
esterase type-5 (PDE-5) inhibitor.

Cardiac Risk

There is only a small myocardial infarction risk asso-
ciated with sex. The relative risk of a myocardial in-
farction (MI) during the two hours following sex is
shown in Table 28.2.

The baseline absolute risk of an MI during normal
daily life is low—one chance in a million per hour for

Table 28.1 MET equivalents as a guide to relating daily
activity to sexual activity.

Daily activity METs

Sexual intercourse with established partner
lower range (normal) 2–3
lower range (orgasm) 3–4
upper range (vigorous activity) 5–6

Lifting and carrying objects (9–20 kg) 4–5

Walking one mile in 20 minutes on the level 3–4

Golf 4–5

Gardening (digging) 3–5

Do-it-yourself, wallpapering, and so on 4–5

Light housework, e.g. ironing, polishing 2–4

Heavy housework, e.g. making beds, scrubbing 3–6
floors, cleaning windows

Table 28.2 Relative risk of MI during the two hours after
sexual activity: physically fit equals sexually fit.

Patient type Relative risk

All patients 2.5 (1.7–3.7)
Men 2.7 (1.8–4.0)
Women 1.3 (0.3–5.2)
Previous MI 2.9 (1.3–6.5)
Sedentary life 3.0 (2.0–4.5)
Physically active 1.2 (0.4–3.7)

Source: [6].
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a healthy adult, and 10 chances in a million per hour
for a patient with documented cardiac disease.
Therefore, during the two hours following sex, the
risk increases to 2.5 in a million for a healthy adult
and 25 in a million for a patient with documented
cardiac disease; but, importantly, there is no risk in-
crease in those who are physically active.

A similar study from Sweden has reported identi-
cal findings [7]. If we take a baseline annual rate of
1% for a 50-year-old man, as a result of weekly sex-
ual activity, the risk of an MI increases to 1.01% in
those without a history of a previous MI and to 1.1%
in those with a previous history.

Coital sudden death is very rare. In three large
studies, sex activity-related death was 0.6% in
Japan, 0.18% in Frankfurt, and 1.7% in Berlin. Ex-
tramarital sex was responsible for 75%, 75%, and
77% respectively, and the victims were men in 82%,
94%, and 93% of cases, respectively [1]. An older
man with a younger woman was the commonest
scenario.

Vasculogenic Erectile Dysfunction

Vascular diseases are the most common cause of ED,
with endothelial dysfunction now recognized as the
common denominator (Fig. 28.1).

ED and CAD share the same risk factors, which 
explains the endothelial link (age, hyperlipidemia,
hypertension, diabetes, smoking, inactivity, obesity,
and depression). However, before attributing ED to a

purely vascular cause it is important to evaluate the
patient thoroughly as other factors may be con-
tributing to the problem or occasionally be the cause.
As men age, there may be co-morbid conditions that
need to be addressed (endocrine, cellular, neural, or
iatrogenic, e.g. drug therapy), and organic ED will
have psychologic consequences needing counseling
and support.

A large number of drugs, whether prescribed or
recreational, can affect sexual function [2]. These
drugs include:
• Cardiovascular drugs: thiazide diuretics, β-
adrenoceptor antagonists, calcium channel anta-
gonists, centrally acting agents (e.g. methyldopa,
clonidine, reserpine, ganglion blockers), digoxin,
lipid-lowering agents, angiotensin-converting en-
zyme (ACE) inhibitors.
• Recreational drugs, such as alcohol (ethanol),
marijuana, amphetamines, cocaine, anabolic
steroids, heroin (diamorphine).
• Psychotropic drugs: major tranquillizers, anxi-
olytics and hypnotics, tricyclic antidepressants, 
selective serotonin reuptake inhibitors.
• Endocrine drugs: anti-adrogens, estrogens, go-
nadotropin-releasing hormone analogs.
• Others: cimetidine, ranitidine, metoclopramide,
carbamazepine.
The negative impact may be on erections, ejacula-
tion, or sex drive. There is little evidence that chang-
ing cardiovascular drug therapy will restore erectile
function, suggesting that it is the underlying disease

Risk factors

Coronary heart disease

Smoking

Blood Pressure

Cholesterol

Diabetes

Erectile 
dysfunction

Smoking

Blood Pressure

Cholesterol

Diabetes

ED

Endothelial Dysfunction -

the common denominator

Fig. 28.1 Risk factors for erectile
dysfunction (ED) and coronary heart
disease; endothelial dysfunction (ED) =
erectile dysfunction (ED). Source [8].
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process that is more important. However, if there is a
strong temporal relationship between the com-
mencement of treatment and the onset of ED (2–4
weeks) it is logical to change therapy if it is safe to do
so. Antihypertensive agents, especially thiazide di-
uretics, are the most frequently incriminated and a
switch to angiotensin II receptor antagonists or α-
adrenoceptor antagonists should be considered [9].
Where drugs are prognostically important, such as β-
adrenoceptor antagonists after myocardial infarc-
tion, the decision to discontinue therapy should be
approached with caution and only undertaken after
considering overall risks [3].

The role of statins, either in improving endothelial
function and thereby ED or causing ED due to a drug
adverse effect, remains unclear [41]. There is over-
whelming evidence that statins are prognostically
important drugs that also reduce cardiovascular
morbidity. They are therefore universally prescribed
in cardiovascular patients. Until the exact relation-
ship is clarified, that will need to take into account
drug interactions due to frequent co-prescribing,
men should be warned of the potential for an adverse
ED effect. A switch from a lipophilic statin such as
simvastatin to a hydrophilic statin (pravastatin, flu-
vastatin) may resolve drug-induced ED and allow for
the cardiovascular statin benefits to continue [42].

Erectile Dysfunction and
Cardiovascular Disease

The Massachusetts Male Aging Study [10] was a ran-
dom sample, cross-sectional, observational study of
1709 healthy men aged 40–70 years to assess the im-
pact of aging on a wide range of health-related issues.
A total of 52% of respondents reported some degree
of ED (17% mild, 25% moderate, 10% complete)
with the prevalence increasing with age. Cardiovas-
cular disease was significantly associated with ED.
The incidence was doubled in patients with hyper-
tension, tripled in diabetic patients, and in those with
established coronary disease it was quadrupled. Cig-
arette smoking increased the prevalence two-fold for
all of these conditions and a positive relationship was
found for reduced high-density lipoprotein-
cholesterol and ED.

The association between hyperlipidemia and ED

has been studied in apparently healthy men who
complained of ED [11]. Over 60% had hyperlipi-
demia and 90% of these had evidence of penile
arterial disease using doppler ultrasound studies. Di-
abetes is commonly associated with ED with a preva-
lence of 50% (range 27–70% depending on age and
disease severity). The onset of ED usually occurs
within the first 10 years of diagnosis of diabetes [12].

Men aged over 50 years with established CAD
have an ED incidence of 40% and in those post-
myocardial infarction or post-vascular surgery the
incidence ranges from 39% to 64%, depending on
diagnostic criteria [13].

Erectile Dysfunction as a Marker of
Vascular Disease

As ED and vascular disease share the same risk 
factors, the possibility arises that ED in otherwise
asymptomatic men may be a marker of silent vascu-
lar disease, especially CAD [14]. This has now been
established to be the case and represents an impor-
tant new means of identifying those at risk of vascu-
lar disease.

Pritzker [15] studied 50 asymptomatic men (other
than ED) aged 40–60 years who had cardiovascular
risk factors (multiple in 80%). Exercise ECG was 
abnormal in 28 men and subsequent coronary 
angiography in 20 men identified severe CAD in 
six, moderate two-vessel disease in seven, and 
significant single-vessel CAD in a further seven men.
In a study of 132 men attending day case angiogra-
phy, 65% had experienced ED before their CAD di-
agnosis had been made [16]. ED also correlates with
the severity of CAD with single-vessel disease 
patients having less difficulty in obtaining an 
erection [17].

The smaller penile arteries (diameter 1–2mm) 
suffer obstruction earlier from plaque burden than
the larger coronary (3–4mm), carotid (5–7mm), or
iliofemoral (6–8mm) arteries, hence ED may be
symptomatic before a coronary event [18]. Address-
ing cardiovascular risk early after the presentation of
ED and aggressive intervention to reduce risk may
have long-term symptomatic and prognostic cardiac
benefits [19]. Most acute coronary syndromes fol-
low from asymptomatic lipid-rich plaques rupturing
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and ED may therefore be a marker for reducing the
risk of this happening [22].

Billups and colleagues have developed a risk as-
sessment and management algorithm for primary
care patients with ED, with the aim of facilitating the
early diagnosis, intervention, and prevention of 
cardiovascular disease [21].

Any asymptomatic man who presents with ED
that does not have an obvious cause (e.g. trauma)
should be screened for vascular disease and have
blood glucose, lipids, and blood pressure measure-
ments. Ideally, all at-risk patients should undergo an
elective exercise ECG to facilitate risk stratifica-
tion [22].

Treating Erectile Dysfunction in
Patients at Cardiovascular Risk

Recognizing the need for advice on management of
ED, two consensus panels (UK and American) have

produced similar guidelines dividing cardiovascular
risk into three practical categories with management
recommendations [2,3]. The Princeton consensus
guidelines have recently been updated (Table 28.3).

It is recommended that all men with ED should
undergo a full medical assessment (Fig. 28.2). Base-
line physical activity needs to be established and car-
diovascular risk graded low, intermediate, or high.
Most patients with low or intermediate cardiac risk
can have their ED managed in the outpatient or pri-
mary care setting.

There is no evidence that treating ED in patients
with cardiovascular disease increases cardiac risk;
however, this is with the proviso that the patient is
properly assessed and the couple or individual (self-
stimulation may be the only form of sexual activity)
are appropriately counseled. Oral drug therapy is the
most widely used because of its acceptability and ef-
fectiveness, but all therapies have a place in manage-
ment. The philosophy is to always be positive during

• Initiate or resume 
sexual activity

or

• Treatment 
for sexual dysfunction

Cardiovascular
assessment and 
restratification

Indeterminate risk

• Sexual activity
deferred until
stabilization
of cardiac 
condition

High risk

Sexual inquiry

Risk factors and coronary heart disease evaluation, treatment 
and follow up for all patients with ED

Low risk

Clinical
evaluation

Fig. 28.2 Princeton II evaluation algorithm.
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Table 28.3 Risk from sexual activity in cardiovascular diseases: Second Princeton Consensus Conference.

Low risk: typically implied by the ability to perform exercise of modest intensity without symptoms
Asymptomatic and <3 major risk factors (excluding gender)
Major CVD risk factors include age, male gender, hypertension, diabetes mellitus, cigarette smoking, dyslipidemia, sedentary
lifestyle, and family history of premature CAD
Controlled hypertension
Beta-blockers and thiazide diuretics may predispose to ED
Mild, stable angina pectoris
Noninvasive evaluation recommended
Anti-anginal drug regimen may require modification
Post-revascularization and without significant residual ischemia
ETT may be beneficial to assess risk
Post-MI (>6–8 weeks), but asymptomatic and without ETT-induced ischemia, or post-revascularization
If post-revascularization or no ETT-induced ischemia, intercourse may be resumed 3–4 weeks post MI
Mild valvular disease
May include select patients with mild aortic stenosis
LVD (NYHA class I)
Most patients are low risk

Intermediate or indeterminate risk: evaluate to reclassify as high or low risk
Asymptomatic and ≥3 CAD risk factors (excluding gender)
Increased risk for acute MI and death
ETT may be appropriate, particularly in sedentary patients
Moderate, stable angina pectoris
ETT may clarify risk
MI >2 weeks but <6 weeks
Increased risk of ischemia, reinfarction, and malignant arrhythmias
ETT may clarify risk
LVD/CHF (NYHA class II)
Moderate risk of increased symptoms
Cardiovascular evaluation and rehabilitation may permit reclassification as low risk
Noncardiac atherosclerotic sequelae (peripheral arterial disease, history of stroke, or transient ischemic attacks)
Increased risk of MI
Cardiologic evaluation should be considered

High risk: defer resumption of sexual activity until cardiologic assessment and treatment
Unstable or refractory angina
Increased risk of MI
Uncontrolled hypertension
Increased risk of acute cardiac and vascular events (i.e. stroke)
CHF (NYHA class III, IV)
Increased risk of cardiac decompensation
Recent MI (<2 weeks)
Increased risk of reinfarction, cardiac rupture, or arrhythmias, but impact of complete revascularization on risk is unknown
High-risk arrhythmias
Rarely, malignant arrhythmias during sexual activity may cause sudden death
Risk is decreased by an implanted defibrillator or pacemaker
Obstructive hypertrophic cardiomyopathies
Cardiovascular risks of sexual activity are poorly defined
Cardiologic evaluation (i.e. exercise stress testing and echocardiography) may guide patient management
Moderate to severe valve disease
Use vasoactive drugs with caution

CAD, coronary artery disease; CHF, congestive heart failure; CV, cardiovascular; CVA, cerebrovascular accident; ED, erectile
dysfunction; ETT, exercise tolerance test; LVD, left ventricular dysfunction; MI, myocardial infarction; NYHA = New York Heart
Association.

Adapted from Kostis et al. (2005) [3].
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what, for many men and their partners, is an un-
certain time.

Phosphodiesterase inhibitors
To say that sildenafil has transformed the manage-
ment of ED would be a substantial understatement.
Its mechanism of action by blocking degradation of
cGMP by phosphodiesterase-5 (PDE-5) promotes
blood flow into the penis and the restoration of 
erectile function. Vardenafil and tadalafil have been
added to this family of drugs [23,24]. Because their
mechanism of action is the same, there is no reason
to assume there will be any significant differences in
ED effectiveness, but their half-life may be of cardiac
clinical importance.

Hemodynamically, PDE-5 inhibitors have mild ni-
trate-like actions (sildenafil was originally intended
to be a drug for stable angina) [25]. As PDE-5 is pre-
sent in smooth muscle cells throughout the vascula-
ture and the NO/cGMP pathway is involved in the
regulation of BP, PDE-5 inhibitors have a modest 
hypotensive action. In healthy men a single dose of
100mg sildenafil transiently lowered BP by an aver-
age of 10/7mmHg, with a return to baseline after six
hours. There was no effect on heart rate [25]. As NO
is an important neurotransmitter throughout the
vasculature and is involved in the regulation of vas-
cular smooth muscle relaxation, a synergistic and
clinically important interaction with oral or sublin-
gual nitrates can occur and a profound fall in BP can 
result. The mechanism involves the combination of
nitrates increasing cGMP formation by activating
guanylate cyclase and PDE-5 inhibition—decreasing
cGMP breakdown by inhibiting PDE-5. The con-
comitant administration of PDE-5 inhibitors and ni-
trates is a contraindication to their use and this
recommendation also extends to other NO donors,
such as nicorandil. Clinical guidelines regarding tim-
ing of sublingual nitrate use post PDE-5 inhibitor are
24 hours for sildenafil and vardenafil [3]. Tadalafil,
with its long half-life, did not react with nitrates at 48
hours after use [26]. Oral nitrates are not prognos-
tically important drugs and they can therefore be 
discontinued and, if needed, alternative agents sub-
stituted [27]. After oral nitrate cessation, and pro-
vided there has been no clinical deterioration, PDE-5
inhibitors can be used safely. It is recommended 

that the time interval prior to PDE-5 inhibitor use is
five half-lives, which equals five days for the most
popular once-daily oral nitrate agents.

Sildenafil
Sildenafil is the first oral treatment for ED and the
most extensively evaluated [28]. Overall success
rates in patients with cardiovascular disease of 80%
or greater have been recorded with no evidence of
tolerance. Patients with diabetes with or without ad-
ditional risk factors, with their more complex and
extensive pathophysiology, have an average success
rate of 60%. In randomized trials to date, open-label
or outpatient monitoring studies, the use of silde-
nafil is not associated with any excess risk of myo-
cardial infarction, stroke, or mortality [29,30]. In
patients with stable angina pectoris there is no evi-
dence of an ischemic effect due to coronary steal, and
in one large, double-blind, placebo-controlled, exer-
cise study sildenafil 100mg increased exercise time
and diminished ischemia [31]. A study of the hemo-
dynamic effects in men with severe CAD identified
no adverse cardiovascular effects and a potentially
beneficial effect on coronary blood flow reserve 
[32]. Studies in patients with and without diabetes
have demonstrated improved endothelial function
acutely and after long-term oral dose administra-
tion, which may have implications beyond the treat-
ment of ED [25]. Sildenafil has also been shown to
attenuate the activation of platelet IIb/IIIa receptor
activity [33]. Hypertensive patients on mono- or
multiple therapy have experienced no increase in
adverse events with the exception of doxazosin, a
non-selective α-adrenoceptor antagonist. Occasion-
al postural effects have occurred with sildenafil
when taken within four hours of doxazosin 4mg; an
advisory to avoid this time interval is now in place.
Sildenafil has also been proven effective in heart
failure patients who were deemed suitable for ED
therapy [34]. The incidence of ED in heart failure
patients is 80%, making this finding of major clinical
importance. On average, the sildenafil dose is 50mg
with 25mg advised initially in those over 80 years 
of age because of delayed excretion. Sildenafil 
100mg is invariably needed in patients with dia-
betes. An empty stomach and avoiding alcohol or
cigarette smoking facilitates the effect. Sildenafil 
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100mg has no additional adverse cardiac effects
above the 50mg dose and should be routinely
prescribed if the 50mg dose is not effective after four
attempts.

Sildenafil’s short half-life makes it the drug of
choice in patients with the more severe cardiovascu-
lar disease, allowing early use of support therapy if
an adverse clinical event occurs.

Tadalafil
Tadalafil has also been extensively evaluated in pa-
tients with cardiovascular disease and has a similar
safety and efficacy profile to sildenafil [35]. Studies
have shown no adverse effects on cardiac contrac-
tion, ventricular repolarization, or ischemic thresh-
old. A similar hypotensive effect has been recorded
with a dose of doxazosin of 8mg, so caution is
needed. As hypotension does not occur in the supine
position, and as tadalafil has a long half-life, it is sug-
gested that tadalafil is taken in the morning and
doxazosin in the evening. There is no interaction of
tadalafil with the selective α-adrenoceptor antago-
nist tamsulosin which can, therefore, be prescribed
as an alternative to doxazosin for benign prostate
hypertrophy [36].

Because of its long half-life, tadalafil may not be
the first choice for patients with more complex car-
diovascular disease. However, as 80% of patients
with cardiovascular disease stratify into low risk it is
an alternative for the majority.

Vardenafil
Since vardenafil has a very similar chemical struc-
ture to sildenafil, it is not surprising that it has a 
similar clinical profile. One study has reported no
impairment of exercise ability in stable CAD patients
receiving vardenafil 20mg [37]. Similar clinical effi-
ciency for all three agents has been observed in pa-
tients with diabetes.

Other therapies
When oral agents are not effective, intracavernous
injection therapy, transurethral alprostadil, or a vac-
uum pump are alternatives requiring specialized 
referral and advice [2,3]. There is no evidence of
increased cardiovascular risk from using any of these
therapeutic options. If surgical intervention with

general anesthetic is being anticipated, a full cardio-
logic risk evaluation is recommended.

Androgens
The use of testosterone replacement therapy for the
treatment of hypogonadism and ED may assist PDE5
inhibitors if they have failed to be effective [39].
Testosterone levels within the normal range have
neutral or potentially beneficial effects on the car-
diovascular system [40]. Androgen replacement
therapy should be offered to men with CAD and hy-
pogonadism if symptomatically appropriate [3]. The
absence of long-term studies needs to be addressed in
terms of possible preventive properties on the vascu-
lar wall, reduction in low-density lipoprotein levels
and the reduction of insulin resistance in contrast to
the increase in hematocrit and risk of exacerbating
prostate cancer [3,40].

Female Sexual Dysfunction and
Cardiovascular Disease

Women share the same cardiovascular risk factors as
men and CAD is as common in women as men [43].
The guidelines for assessing cardiovascular risks
from the second Princeton Consensus are applicable
to women as well as men. In treating ED, care should
be taken to evaluate the cardiovascular condition (if
present) of his partner as both will have similar car-
diovascular responses to exercise. Female sexual dis-
order (see Chapters 19–27) has not been evaluated
as a potential risk factor or marker for asymptomatic
vascular disease in a large study but it has been re-
ported to occur frequently enough in the female
population to be a consideration in those with and
without symptomatic vascular disease. For example,
in 1987, Riley et al. reported on the prevalence of sex-
ual dysfunction in hypertensive men and women
[44]. This was a questionnaire-based study including
178 women which identified significantly more
women with arousal difficulties than men with ED (p
< 0.0001). Of particular interest, arousal dysfunction
was not age-related and there was no difference be-
tween treated and untreated women—that is, it was
not drug-induced. Burchardt et al. [45] reported on
67 hypertensive women (mean age 60.4 years),
identifying untreated sexual dysfunction in 42.6%
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of the 81.3% who had a sexual partner, and in the re-
port by Duncan et al. [46], hypertensive women had
more difficulty in achieving lubrication and orgasm
than healthy controls. A small study of 30 women
with angina pectoris suggested sexual dysfunc-
tion was common (nine, 30%) with seven (23%) 
experiencing problems before developing cardiac 
symptoms [47]. Larger studies are needed before
conclusions can be made but it is clear that FSD needs
to be queried as part of cardiovascular management.

Drug therapy of FSD should take into account po-
tential cardiovascular adverse effects of the therapy
itself and the cardiovascular risk of facilitating sexual
activity. In addition, we need more information on
the possibility that cardiac drug therapy may lead 
to FSD.

Conclusion

ED is common in patients with cardiovascular dis-
ease and should be routinely enquired about. The
cardiac risk of sexual activity in patients with cardio-
vascular disease is minimal in properly assessed pa-
tients. The restoration of a sexual relationship is a
possibility for the majority of patients with cardio-
vascular disease and ED using oral PDE5 inhibitors,
which have an excellent safety profile (avoiding ni-
trate use). ED is a marker for cardiovascular disease
as well as its consequence; therefore, its identifica-
tion (in the asymptomatic male) provides the oppor-
tunity to address other cardiovascular risk factors
and detect silent but significant vascular pathology.
FSD is common and CAD is as common in women as
men. Women should therefore receive the same 
cardiovascular risk and therapeutic advice as men.
Though at present we do not know if FSD is a marker
for silent vascular disease, we need to be alert to this
possibility.

References

1 Drory Y. Sexual activity and cardiovascular risk. Eur

Heart J 2002;4(suppl H):H13–18.

2 Jackson G, Betteridge J, Dean J, et al. A systematic ap-

proach to erectile dysfunction in the cardiovascular pa-

tient: a consensus statement: update 2002. Int J Clin

Pract 2002;56:633–671.

3 Kostis JB, Jackson G, Rosen R, et al. Sexual dysfunction

and cardiac risk (the Second Princeton Consensus Con-

ference). Am J Cardiol 2005;96:313–321.

4 Drory Y, Fisman EZ, Shapira Y, et al. Ventricular arrhyth-

mias during sexual activity in patients with coronary

artery disease. Chest 1996;109:922–924.

5 Drory Y, Shapira I, Fisman EZ, et al. Myocardial is-

chaemia during sexual activity in patients with coro-

nary artery disease. Am J Cardiol 1995;75:835–837.

6 Müller JE, Mittleman A, MacLure M, et al. Determi-

nants of myocardial infarction onset study investiga-

tors. Triggering myocardial infarction by sexual activity:

low absolute risk and prevention by regular physical ex-

ercise. JAMA 1996;275:1405–1409.

7 Müller J, Ahlbom A, Hulting J, et al. Sexual activity as a

trigger of myocardial infarction: a case cross-over

analysis in the Stockholm Heart Epidemiology Pro-

gramme (SHEEP). Heart 2001;86:387–390.

8 Solomon H, Man JW, Jackson G. Erectile dysfunction

and the cardiovascular patient: endothelial dysfunction

is the common denominator. Heart 2004;89:251–254.

9 Jackson G. Erectile dysfunction and hypertension. Int J

Clin Pract 2002;56:491–492.

10 Feldman HA, Goldstein I, Hatzichristou DG, et al. Impo-

tence and its medical and psychological correlates: 

results of the Massachusetts Male Aging Study. J Urol

1994;151:54–61.

11 Kaiser DR, Billups K, Mason C, et al. Impaired brachial

artery endothelium-dependent and -independent va-

sodilation in men with erectile dysfunction and no

other clinical cardiovascular disease. J Am Coll Cardiol

2004;43(2):179–184.

12 Snow KJ. Erectile dysfunction in patients with diabetes

mellitus: advances in treatment with phosphodi-

esterase Type 5 inhibitors. Br J Diabetes Vasc Dis

2002;2:282–287.

13 Bortolotti A, Parazzini F, Colli E, et al. The epidemiology

of erectile dysfunction and its risk factors. Int J Androl

1997;20:323–334.

14 Kirby M, Jackson G, Betteridge J, et al. Is erectile dys-

function a marker for cardiovascular disease? Int J Clin

Pract 2001;55:614–618.

15 Pritzker M. The penile stress test: a window to the 

heart of the man? [abstract] Circulation 1999;100:

3751.

16 Solomon H, Man JW, Wierzbicki AS, et al. Relation of

erectile dysfunction to angiographic coronary artery

disease. Am J Cardiol 2003;91:230–231.

17 Greenstein A, Chen J, Miller H, et al. Does severity of is-

chaemic coronary disease correlate with erectile func-

tion? Int J Impot Res 1997;9:123–126.

SPS28  8/1/06  11:42 AM  Page 384



Cardiovascular Issues in Male and Female Sexual Dysfunction 385

18 Montorsi P, Montorsi F, Schulman CC. Is erectile dys-

function the ‘Tip of the Iceberg’ of a systemic vascular

disorder? Eur Urol 2003;44:352–354.

19 Kirby M, Jackson G, Simonsen U. Endothelial dysfunc-

tion links erectile dysfunction to heart disease? Int J Clin

Pract 2005;59:225–229.

20 Montorsi F, Briganti I, Salonia A, et al. Erectile dysfunc-

tion prevalence, time of onset and association with risk

factors in 300 consecutive patients with acute chest

pain and angiographically documented coronary artery

disease. Eur Urol 2003;44:360–365.

21 Billups KL, Bank AJ, Padma-Nathan H, et al. Erectile

dysfunction is a marker for cardiovascular disease: re-

sults of the Minority Health Institute Expert Advisory

Panel. J Sex Med 2005;2:40–52.

22 Solomon H, Man J, Wierzbicki AS, et al. Erectile dys-

function: cardiovascular risk and the role of the cardiol-

ogist. Int J Clin Pract 2003;57:96–99.

23 Brock GB, McMahon CG, Chen KK, et al. Efficiency and

safety of tadalafil for the treatment of erectile dysfunc-

tion: results of integrated analysis. J Urol 2002;168:

1332–1336.

24 Porst H, Rosen R, Padma-Nathan H, et al. Efficacy and

tolerability of vardenafil, a new selective phosphodi-

esterase type 5 inhibitor, in patients with erectile dys-

function: the first at home clinical trial. Int J Impot Res

2001;13:192–199.

25 Gillies HC, Roblin D, Jackson G. Coronary and systemic

haemodynamic effects of sildenafil citrate: from basic

science to clinical studies in patients with cardiovascu-

lar disease. Int J Cardiol 2002;86:131–141.

26 Kloner RA, Hutter AM, Emmick JT, et al. Time course of

the interaction between tadalafil and nitrates. J Am Coll

Cardiol 2004;42:1855–1860.

27 Jackson G, Martin E, McGing E, Cooper A. Successful

withdrawal of oral long-acting nitrates to facilitate

phosphodiesterase type 5 inhibitor use in stable coro-

nary disease patients with erectile dysfunction. J Sex

Med 2005;2:513–516.

28 Padma-Nathan H, ed. Sildenafil citrate (Viagra) and

erectile dysfunction: a comprehensive four year update

on efficacy, safety, and management approaches. Urolo-

gy 2002;60(2B):1–90.

29 Mittleman MA, MacClure M, Glasser DB. Evaluation 

of acute risk for myocardial infarction in men treated

with sildenafil citrate. Am J Cardiol 2005;96:443–446.

30 Jackson G, Gillies H, Osterloh I. Past, present and fu-

ture: a 7-year update of Viagra (sildenafil citrate). Int J

Clin Pract 2005;59:680–691.

31 Fox KM, Thadani U, Ma PTS, et al. Sildenafil citrate does

not reduce exercise tolerance in men with erectile 

dysfunction and chronic stable angina. Eur Heart J

2003;24:2206–2212.

32 Herrman HC, Chang G, Klugherz BD, et al.

Haemodynamic effects of sildenafil in men with severe

coronary artery disease. N Engl J Med 2000;342:1662–

1666.

33 Halcox JPJ, Nour KRA, Zalos G, et al. The effect of silde-

nafil on human vascular function, platelet activation

and myocardial ischaemia. J Am Coll Cardiol 2002;40:

1232–1240.

34 Katz SD. Potential role of type 5 phosphodiesterase in-

hibition in the treatment of congestive heart failure.

Congest Heart Fail 2003;9:9–15.

35 Jackson G, Kloner RA, Costigan TM, et al. Update on

clinical trials of tadalafil demonstrates no increased risk

of cardiovascular adverse events. J Sex Med 2004;1:

161–167.

36 Kloner RA, Jackson G, Emmick JT, et al. Interaction 

between phosphodiesterase 5 inhibitor, tadalafil, and

two alpha blockers, doxazosin and tamsulosin, in

healthy normotensive men. J Urol 2004;172:1935–

1940.

37 Thadani U, Smith W, Nash S, et al. The effect of varde-

nafil, a potent and highly selective phosphodiesterase-5

inhibitor for the treatment of erectile dysfunction, on

the cardiovascular response to exercise in patients with

coronary artery disease. J Am Coll Cardiol 2002;40:

2006–2012.

38 Wagner G, Montorsi F, Auerbach S, Collins M. Silde-

nafil citrate (Viagra) improves erectile function in elder-

ly patients with erectile dysfunction: a subgroup

analysis. J Geront 2001;50A:M113–119.

39 Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H.

Randomised study of testosterone gel as adjunctive

therapy to sildenafil in hypogonadal men with erectile

dysfunction who do not respond to sildenafil alone. J

Urol 2004;172:658–663.

40 Muller M, Van Der Schouw YT, Thijssen JHH, Grobbee

DE. Endogenous sex hormones and cardiovascular dis-

ease in men. J Clin Endocrinol Metab 2003;88:5076–

5086.

41 Bruckert E, Giral P, Heshmati HM, Turpin G. Men 

treated with hypolipidaemic drugs complain more 

frequently of erectile dysfunction. J Clin Pharm Ther

1996;21:89–94.

42 Jackson G. Simvastatin and impotence. Brit Med J

1997;351:31.

43 Wenger NK, Collins P, eds. Women and Heart Disease.

London: Taylor & Francis, 2005.

44 Riley AJ, Steiner JA, Cooper R, McPherson CK. The

prevalence of sexual dysfunction in male and female

SPS28  8/1/06  11:42 AM  Page 385



386 Chapter 28

hypertensive patients. J Sex Marital Ther 1987;2:131–

138.

45 Burchardt M, Burchardt T, Anastasiadis AG, et al. Sexu-

al dysfunction is common and overlooked in female 

patients with hypertension. Sex Marital Ther 2002;28:

17–26.

46 Duncan LE, Lewis C, Smith CE, et al. Sex, drugs and hy-

pertension: a methodological approach for studying a

sensitive subject. Int J Impot Res 2001;13:31–40.

47 Salonia A, Briganti A, Montorsi P. Sexual dysfunction in

women with coronary artery disease. Int J Impot Res

2002;14(suppl 4):S80.

SPS28  8/1/06  11:42 AM  Page 386



Page numbers in italics refer to figures and
those in bold to tables; note that figures
and tables are only indicated when they are
separated from their text references.

abdominal cutaneous nerve entrapment
syndrome (ACNES) 345

abortion, induced 356
accessory pudendal arteries, surgical injury

213
Accu-Form prosthesis 145
acromegaly 263
ADAM questionnaire see Androgen

Deficiency in Aging Men
questionnaire

adenylate cyclase 35, 95
Addison’s disease, DHEA replacement

therapy 260
adolescents, factors predisposing to female

sexual disorder 351–3
adrenal androgens, biosynthesis 258
adrenal insufficiency

DHEA deficiency 259
DHEA replacement therapy 260

affect see mood
affective disorders see depression
affectual awareness therapy 155
age

erectile dysfunction and 45, 46, 49
female sexual arousal disorder and

326
hypoactive sexual desire and 315
at menopause 362
see also elderly

Aging Male Symptoms (AMS)
questionnaire 241

aging men 233–86
androgen deficiency see late onset

hypogonadism
androgen physiology 228
body composition 233–5
bone mineral density 235–6
cardiovascular function 236–8
DHEA deficiency 259
DHEA therapy 260
erectile dysfunction 45, 46, 49, 239–40,

379

PDE-5 inhibitor dose 82
psychic functions 238–9
sexual activity 46, 47
sexual functioning 239–40
testosterone levels 225, 228, 233
testosterone therapy

physiologic effects 234, 235, 237–8,
239–40

recommendations 251
role 244
and thyroid hormones

aging women
hypoactive sexual desire 315, 316
iatrogenic factors in sexual disorders

353
orgasms 335
sexual aversion disorder 322
vulvar changes 293, 294
see also postmenopausal women

agonadism
female rats 13–14
male rats 11

alcohol consumption
drug interactions 77–8, 82
erectile dysfunction and 49
female sexual dysfunction and 316

alfuzosin 83
Al-Ghorab shunt 181–2
allogeneic grafts, Peyronie’s disease

168–9
alpha1-adrenoceptors, penis 34, 37–8
Alpha-1 penile implant 145
alpha2-adrenoceptors

penile arteries 34, 38
yohimbine actions 75–6

alpha-adrenergic agonists
for menopausal symptoms 371
in priapism 175, 180

alpha-adrenoceptor blockers (α-blockers)
in dysorgasmia 212
PDE-5 inhibitor interactions 83
self-injection therapy 97
S-nitrosylated 111
see also phentolamine

5-alpha-reductases 31, 226
alprostadil see prostaglandin E1
Alprox®-TD (topical alprostadil) 103, 111

Alzheimer’s disease
DHEA supplements 261
hormone therapy after menopause and

370
melatonin and 262
sex steroids and 239

amantadine, in inhibited ejaculation 202
Ambicor prosthesis 137, 145
amenorrhea, postpartum 353
American Foundation for Urologic

Diseases (AFUD) 374
American Medical Systems (AMS), penile

prostheses 137–8, 139, 140, 
145

American Urological Association (AUA)
erectile dysfunction guidelines 128,

131, 133
priapism guidelines 175

amygdala 289, 335
anal cancer 355, 356
anal sphincter, obstetric injury 357
anastrozole 354
Androgen Deficiency in Aging Men

(ADAM) questionnaire 60, 61,
241

androgen deficiency of aging male
(ADAM) see late onset
hypogonadism

androgen receptors 226
in aging men 228
CAG polymorphism 228
in penis development 31

androgens 225–53
adrenal, biosynthesis 258
aging changes 228, 233
aromatization see aromatization
deficiency in males see hypogonadism,

male
feedback control 227–8
insufficiency in women (AIS) 315, 356
mechanism of action and conversions

226
in ovariectomized rats 14
physiology 226–8
role in sexual desire 151, 152, 316
secretion 227
symptoms of male aging and 233–40

Index

387

SPSIN  8/1/06  11:44 AM  Page 387



388 Index

androgens (cont.)
therapy

in cardiovascular disease 383
in men 243–9, 250
in women 365
see also testosterone, therapy

transport 226–7
in women 362, 363
see also dehydroepiandrosterone

(sulfate); dihydrotestosterone;
testosterone

andropause see late onset hypogonadism
Androskat® see papaverine/phentolamine,

intracavernosal
androstenedione 258

serum levels 242, 363
anejaculation 198–202

see also inhibited ejaculation
anemia, in elderly men 247
anesthesia, penile prosthesis surgery 142
angina

female sexual dysfunction and 384
PDE5 inhibitors 382
testosterone therapy and 246–7

angiography, penile see penile 
angiography

angiotensin I/II, in penile erection 38, 95
angiotensin converting enzyme inhibitors

(ACE-I) 267
animal models 1–16

ejaculatory disorders 8, 9–10
erectile dysfunction 6, 9
female sexual dysfunction 13–14
male sexual dysfunction 9–11
requirements 1–2
selection 15

anorgasmia
female, prevalence 334–5
male 198, 199

hyperprolactinemia 255
reversal of SSRI-induced 202
see also inhibited ejaculation

post-radical pelvic surgery 212
see also orgasmic disorder

antibiotics
coating of penile prostheses 138
penile prosthesis infections 143–4
prophylactic, penile prosthesis surgery

140, 143
anticoagulants

PDE-5 inhibitor interactions 82
self-injection therapy and 102

antidepressants
causing female sexual disorders 354
hypoactive sexual desire 151, 154–5,

318
see also selective serotonin reuptake

inhibitors; tricyclic
antidepressants

antihypertensive drugs
causing erectile dysfunction 379
causing female sexual disorders 352
in diabetes 267
PDE-5 inhibitors and 82, 84, 85

anxiety
disorders, sexual aversion disorder and

321
erectile dysfunction 54, 55
female sexual disorder and 353

goal-focused, in inhibited ejaculation
202

role in male sexual dysfunction 21
sexual performance 200
in vaginismus 343, 348

aphrodisiacs 75
apomorphine

in erectile dysfunction 77–8
in inhibited ejaculation 202

apoptosis, after cavernous nerve injury
210, 218

appetitive behaviors 4
L-arginine 35, 87–8
aromatase 258

deficiency, in men 226, 238, 257
inhibitors 354

aromatization 226, 257
bone mineral density and 235–6
psychic functions and 238–9

arterial-lacunar fistula (ALF), high-flow
priapism 176, 185–6

arterial wall, testosterone actions 236–7
arteriosclerotic disease, penile vascular

surgery 128, 130
aspirin 82
atherosclerosis 50, 236
autologous grafts, in Peyronie’s disease

167–8
autonomic nervous system

control of ejaculation 188
control of erection 34–8
female genitalia 299
testing in erectile dysfunction 70–1

autonomic neuropathy, diabetic 266
autosexual orientation, ejaculatory

dysfunction and 199–200
avanafil (TA-1790) 111

Bartholin’s glands 296
BAY 412272 111–12
behavioral interventions

in hypoactive sexual desire 155
in premature ejaculation 196–7, 204–5
in vaginismus 348

behavioral theory, premature ejaculation
190

benign prostatic hyperplasia (BPH)
painful ejaculation 204
testosterone therapy and 244–5

beta2-adrenoceptors, penis 34, 37–8
beta-adrenoceptor antagonists 

(beta-blockers) 34, 53, 376, 379
beta-agonists, in priapism 175
biofeedback, in female sexual pain

disorders 347
biologic factors

female orgasmic disorder 335–6
female sexual arousal disorder 326
female sexual desire 316
female sexual disorder 306, 308, 309

bisphosphonates 371
bladder cancer 356
bleeding time, PDE-5 inhibitors and 82
blood pressure (BP)

effects of PDE-5 inhibitors 82, 83, 382,
383

during sexual activity 376
body composition, aging male 233–5
body image, changes in 322, 354–6

body mass index (BMI) 269–70
see also obesity

bone marrow stromal cells 117
bone mineral density (BMD)

in aging men 235–6
measurement in women 366
role of estradiol in men 235, 236, 257

bother
erectile dysfunction 46–7
premature ejaculation 192
see also distress

botulinum toxin injections, in vaginismus
347, 348

BPH see benign prostatic hyperplasia
bradykinin 39
brain

responses in female orgasm 335, 336,
337

sexual dimorphism 290–1
sexual function 289–90
see also central nervous system

breast cancer
hormone therapy after menopause and

367
sexual aversion disorder after 322, 323
surgery 354–5
tamoxifen therapy 354
testosterone therapy and 247

Bremelanotide see PT-141
bromocriptine, in hyperprolactinemia

254, 256–7
bruising, penile

after self-injection therapy 102
complicating vacuum therapy 123

buccal mucosa grafts, Peyronie’s disease
168, 169

Buck’s fascia 31
bulbar artery 32
bulbocavernous reflex (BCR) latency times

69
bulbospongiosus muscle 297
bupropion

in female orgasmic disorder 339
in hypoactive sexual desire 154
in inhibited ejaculation 202

buspirone, in inhibited ejaculation 202

cabergoline 256–7
calcium (Ca++), intracellular, in penile

erection 34, 37, 38
calcium (Ca++) channels, L-type 34, 37
calmodulin 34
cancer

chemotherapy 354
erectile dysfunction 61–2
hormone therapy-associated risk 368
radiotherapy 356
surgery 354–6
see also breast cancer; prostate cancer

Cancer Rehabilitation Evaluation System
Short Form (CARES-SF) 30

candida infections, vulvar 294
cardiovascular disease

association with erectile dysfunction
50, 54, 55, 379

erectile dysfunction management
380–3

exercise ECG testing 377
female sexual dysfunction and 383–4

SPSIN  8/1/06  11:44 AM  Page 388



Index 389

hormone therapy after menopause and
370

PDE-5 inhibitors 83, 84, 85, 382–3
priapism management 175
risk from sexual activity 381
see also erectile dysfunction (ED),

vasculogenic; vascular disease
cardiovascular drugs

causing erectile dysfunction 378–9
causing female sexual disorders 352

cardiovascular function, in aging males
236–8

cardiovascular response, sexual activity
376–8

cardiovascular risk factors
DHEA therapy and 261
in diabetes 266–7
erectile dysfunction and 50–1, 54, 55,

268–9, 379
in metabolic syndrome 268–9
sex steroids and 236
testosterone therapy and 246–7

carnitine, in Peyronie’s disease 160, 162
carunculae hymenales 296
castrated animals 6, 11
Caverject® see prostaglandin E1
Cavermap stimulation, radical

prostatectomy 214–15
cavernosography 68–9, 130
cavernosometry 68, 130
cavernous artery see deep penile artery
cavernous insufficiency see corporal 

veno-occlusive dysfunction
cavernous nerves 34, 36, 78

bilateral resection, radical prostatectomy
216

injury
pathophysiology 210–11, 217–18
pharmacologic neuromodulation

218–19
radical prostatectomy 210, 211, 213,

214
interposition grafting, radical

prostatectomy 215–16
Centers for the Epidemiologic Survey—

Depression (CES-D) 62, 63
central nervous system

control of ejaculation 188
control of erection 34
control of sexual function 289–91
sexual dimorphism 290–1
see also brain; spinal cord

cervical carcinoma 355, 356
cGMP 34
Changes in Sexual Function Questionnaire

(CSFQ) 27
chemotherapy, cancer 354
childbirth, pelvic floor damage 357
children, factors predisposing to female

sexual disorder 351
p-chloroamphetamine (PCA)-induced

ejaculation 8
cholesterol, serum

erectile dysfunction and 51, 86
testosterone therapy and 237, 246

cholinergic nerves 34, 78
chronic obstructive pulmonary disease

51
Cialis® see tadalafil

circumcision, female see female genital
mutilation

circumflex vein 32
citalopram 193
citrulline 35
climacturia 212
clitoral cavernosal arteries 298
clitoralgia 293, 345
clitoral nerve 300
clitoral therapy device 330–1
clitoris 292

arterial blood supply 298
atrophy 293
priapism of 293
in sexual arousal 300, 301

clitoromegaly 293
clomiphene, in male hypogonadism

249–51
clomipramine, in premature ejaculation

193, 194
clonidine 371
coccygeus muscle 297
cognitive behavioral therapy 155, 339
cognitive factors

in female sexual arousal disorder 328
in female sexual desire 316
in female sexual function 289

cognitive function, aging male 238, 239
coitus see sexual intercourse
colchicine, in Peyronie’s disease 159–60,

162
collaborations, in preclinical research

15–16
collagenase, intra-lesional, Peyronie’s

disease 161
collagen metabolism, disordered, in

diabetes 267
colon cancer

hormone therapy after menopause and
368

surgery 355
colostomy 355
colporrhaphy 356
common clitoral artery 298
communicantes veins 32–3
co-morbidity

erectile dysfunction 51–2, 54, 55, 64
female sexual disorder 306, 317
sexual aversion disorder 321–2

conditioned inhibition, female rats 14
condylomata 293
congenital penile deviation 228

surgical correction 166, 168
consummatory behaviors 4
contextual factors

female orgasmic disorder 336–7
female sexual arousal disorder 327
female sexual disorder 307, 308, 309,

317
male sexual dysfunction 19

contraception, hormonal 43, 354, 364
copulation 2–3

paced, female rats 13, 14
coronary artery disease (CAD) 50

erectile dysfunction as marker 379–80
exercise testing 377
hormone therapy for prevention 370
low testosterone levels 236
metabolic syndrome and 269

obesity and 270
PDE-5 inhibitors 84, 85, 382, 383
risk factors see cardiovascular risk factors

corpora cavernosa 31
electromyography (CCEMG) 70
gene therapy 117–18
hypoxia, after radical prostatectomy

210–11, 216–17
in vitro studies 6
prosthesis implantation surgery 141
tissue engineering 115

corporal aspiration, in priapism 180
corporal fibrosis

after priapism 184, 185
intracavernous injection-induced 95,

96, 97, 99, 101–2
penile prostheses 139, 146

implant selection 137, 138, 140
re-operations 144
surgical technique 141

post-radical prostatectomy 216–17
see also Peyronie’s disease

corporal veno-occlusive dysfunction
(CVOD) 130

diagnosis 68, 130
non-response to PDE-5 inhibitors 85
post-radical pelvic surgery 213
surgical treatment 130–3

corporoplasty, modified, Peyronie’s disease
166

corpus cavernosal smooth muscle (CCSM)
biopsy, prolonged priapism 180
changes after radical prostatectomy

210, 211, 213
hypertonicity, post radical

prostatectomy 211
oxygenation, shunt procedures for

priapism 181–3
corpus spongiosum 31
corticosteroids, intra-lesional, Peyronie’s

disease 160–1
cortisol, effect on sexual desire 151
counseling

in female sexual disorder 309–10
in hypoactive sexual desire 319

couples, symptom carriers and inducers
311, 317

couple therapy
female orgasmic disorder 339
hypoactive sexual desire 319
sexual aversion disorder 323
vaginismus 348

cultural factors see sociocultural factors
CX penile prostheses 137, 139, 140, 145
CXR penile prostheses 137, 145
cyclic adenosine monophosphate (cAMP)

37–8, 79, 81
cyclic guanosine monophosphate (cGMP)

34, 79, 81
CYP 3A4 inhibitors, PDE-5 inhibitor

interactions 82
cyproheptadine, in inhibited ejaculation

202
cyproterone acetate 11
cystectomy, penile prosthesis surgery after

140, 141–2
cystitis, postcoital 345
cystocele 297

surgery 356

SPSIN  8/1/06  11:44 AM  Page 389



390 Index

DA 8159 110–11
dapoxetine 194–5, 205
deep dorsal artery, revascularization

surgery 127
deep dorsal vein 31, 32, 33

arterialization 127, 128, 130–1
revascularization procedures 127, 128

deep penile artery (cavernous artery) 32
isolated distal 32
revascularization surgery 127
trauma causing priapism 175–6
unilateral origin 32

deep penile veins 32, 33
deep venous thromboembolism 

(DVT), hormone 
therapy-associated risk 368–9

dehydroepiandrosterone (sulfate)
(DHEA(S)) 258–61

availability 261
influence on erection 39–40
measurement 260
mechanisms of action 258–9
pathophysiology of deficiency 259–60
serum 66, 242, 363
therapy 260–1, 365

delayed ejaculation 10, 198–202
see also inhibited ejaculation

dementia 239, 370
depression

DHEA therapy 261
erectile dysfunction and 54, 55, 62, 64,

65
female sexual function and 306
hypoactive sexual desire and 153–4
male sexual dysfunction and 21
screening tools 62, 63, 153–4
testosterone therapy and 238

Derogatis Interview for Sexual Functioning
(DISF/DISF-SR) 27

desensitization program, inhibited
ejaculation 201–2

desipramine, in retrograde ejaculation 203
desire see sexual desire
dexamethasone

intra-lesional, in Peyronie’s disease 160
iontophoresis, in Peyronie’s disease 162

DHEA(S) see dehydroepiandrosterone
(sulfate)

diabetes mellitus 225, 264–8
erectile dysfunction 55, 264–8, 379

epidemiology 64, 65, 264–5
pathophysiology 51, 52, 265–7
treatment 267–8

female sexual disorders 322
guanylate cyclase (GC) activators 112
hormone therapy after menopause and

368
PDE-5 inhibitors 83, 85, 86, 267–8, 382
penile prosthesis surgery 139–40
self-injection therapy 102, 268
testosterone therapy 244

diabetic neuropathy 266
diacylglycerol (DAG) 37, 38
Diagnostic and Statistical Manual of

Mental Disorders (DSM)
female orgasmic disorder 334
female sexual arousal disorder 325
hypoactive sexual desire disorder 8, 149
premature ejaculation 189, 193

diary, pain 346
digital rectal examination (DRE),

testosterone therapy and 245,
246, 248

digoxin, in recurrent priapism 175
dihydrotestosterone (DHT)

in hyperprolactinemia 254
in penis development 31
physiology 226, 227
serum levels 242

distress
female sexual disorder 305, 307–8
hypoactive sexual desire disorder 315
premature ejaculation 192
sexual arousal disorder 326
see also bother

dopamine
control of ejaculation 188
control of erection 34, 39
prolactin interactions 254
role in sexual desire 151, 316

dopamine agonists
in erectile dysfunction 77–8
in hyperprolactinemia 256–7

dopaminergic drugs, in inhibited
ejaculation 202

Doppler ultrasound
in female sexual arousal disorder 329
in high-flow priapism 176
penile 66–7, 139

dorsal clitoral artery 298
dorsal clitoral nerve 292, 300
dorsal penile artery 31, 32

corpus cavernosum arterialization from
32

double 32
revascularization surgery 127
unilateral origin 32

dorsal penile nerve 31, 38, 292
selective neurectomy, in premature

ejaculation 197
doxazosin 83, 382, 383
drive, sexual see sexual drive
drug abuse 53, 378
Drug Coitus Interval Time (DCIT) 193
drug-induced disorders

DHEA deficiency 259
erectile dysfunction 53, 378–9
female 352, 353–4
female orgasmic disorder 338, 339
hyperprolactinemia 255, 256
hypoactive sexual desire 318
inhibited ejaculation 199, 202
painful ejaculation 204
priapism 174
retrograde ejaculation 203
sexual aversion disorder 322

DUKE Health Profile 29
Dupuytren’s contracture 158, 159
Dura II implant 137, 145
dura mater grafts, Peyronie’s disease 169
Duraphase implants 143
dynamic intracavernosal cavernosometry

and cavernosography (DICC)
68–9, 130

dyslipidemia
erectile dysfunction risk 51, 64, 65, 379
PDE-5 inhibitors 85, 86
testosterone therapy and 237, 246

dysorgasmia see orgasmic disorder
dyspareunia 342–50

in adolescents 353
after female genital mutilation 359
clinical approach 344–6
definition 307, 342
drugs causing 354
etiology 344
pathophysiology 343–4
pelvic floor hyperactivity and 297
postpartum 356–7
prevalence 343
treatment 346–8
vs vaginismus 342–3

Ebbehoj shunt 181
Edex® see prostaglandin E1
EDITS see Erectile Dysfunction Inventory

for Treatment Satisfaction
education, sex see sex education
ejaculation

in anesthetized rats 8
delayed (inhibited) 10, 198–202
distribution theory 191
female 337, 338, 339
inhibited (IE) see inhibited ejaculation
neuropharmacology 188–9
neurophysiology 188
painful 203–4
P-chloroamphetamine (PCA)-induced

8
preclinical research 2, 7–8
premature see premature ejaculation
retrograde 203, 204
voluntary control 192

ejaculatory disorders (EjD) 188–209
animal models 8, 9–10
erectile dysfunction and 62, 63
in thyroid dysfunction 191, 263

elderly
cardiovascular risks of sexual activity

376
DHEA therapy 260
melatonin levels 262
see also aging men; aging women

electrical stimulation, hypogastric nerve 8
electroanalgesia, in dyspareunia 347
electrocardiogram (ECG), exercise 377
electromyography, corpus cavernosum

(CCEMG) 70
electro shock wave therapy (ESWT),

Peyronie’s disease 161–2
embolization

autologous clot, in high-flow priapism
176, 185

venous, in erectile dysfunction 126–7,
131

embryology, penis 31
emissary veins 32
emission, semen 188
endocrine disease

erectile dysfunction 54
premature ejaculation 191
see also adrenal insufficiency; diabetes

mellitus; hypogonadism;
panhypopituitarism; thyroid
dysfunction

endometrial cancer, hormone therapy-
associated risk 368
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endometriosis 345, 347
endorphins 316
endothelial cells

DHEA actions 259
implantation of genetically engineered

118
endothelial dysfunction

chronic daily dosing with PDE-5
inhibitors 86

in diabetes 265, 266
in erectile dysfunction 46, 378
in metabolic syndrome 268
in obesity 270

endothelial factors, in penile erection 38–9
endothelin 1 (ET1) 37, 38

in diabetes 265
endothelin A (ETA) receptors 38
endothelin B (ETB) receptors 38
endothelins 38
“enforced interval effect” paradigm 9
ephedrine, in retrograde ejaculation 203
epinephrine, control of erection 37–8
episiotomy/episiorrhaphy 344, 345,

356–7
erectile dysfunction (ED)

in aging men 45, 46, 49, 239–40, 379
animal models 6, 9
bother 46–7
cardiovascular disease association 50,

54, 55, 379
cardiovascular risk factors 50–1, 54, 55,

268–9
definition 44, 59–60
in diabetes mellitus see under diabetes

mellitus
diagnosis 59–71

bulbo cavernosus reflex latency times
(BCR) 69

cavernosography/cavernosometry
68

corpus cavernosum
electromyography (CCEMG) 70

Doppler/duplex ultrasound 66
intracavernous injection test 66
investigations 66–71
laboratory tests 66, 240, 256
medical aspects 63–4
misconceptions 62, 64
nocturnal penile tumescence testing

69
overlapping diseases and points of

confusion 62–3
partner evaluation 64–5
penile angiography 69
physical examination 61–2
questionnaires 59, 60, 61
setting 59–61
sympathetic skin response 70
visual sexual stimulation 67–8

drug induced 53, 378–9
dyslipidemia 50
endocrine factors 54
epidemiology 44–7
estradiol and 257–8
etiology 49–55
future treatment aspects 115–20
gene therapy 35, 44, 115–19
hepatic failure 52
history of treatment 43

honeymoon 22–3
iatrogenic disorders 52
hypertension 50
in hyperprolactinemia 253, 254–5
hypoactive sexual desire and 152, 153
hypogonadism 229–32

pathogenic role 229–32
prevalence 229
screening 240, 251
testosterone therapy 66, 230–1, 232,

243–4, 251, 252
lifestyle factors 49
lower urinary tract symptoms 54
metabolic syndrome and 64, 65, 268–9
mixed 20
neurologic diseases 51
nictone abuse 51
origin of name 44
partners 23–4, 60–1, 64–5
Peyronie’s disease surgery causing 167
pharmacotherapy

biochemical basis 35
in cardiovascular disease 382–3
future aspects 109–14
oral 75–93
oral plus self-injection 100–1
and radical pelvic surgery
self-injection see self-injection

therapy for erectile dysfunction
topical 103–4
trans(intra)urethral 102–3

postoperative 52–3
post-radical pelvic surgery 53, 213–21
post-traumatic 53–4
prevalence 46
priapism causing 175, 180, 184–5
Princeton evaluation algorithm 380
psychogenic

in diabetes 265
diagnosis 20–1, 60
etiological factors 18–19, 49, 54, 55
post-radical prostatectomy 213–14

psychotherapy 22–3
renal failure 52
respiratory diseases 51
psychologic therapy 22–3
risk factors 45–6, 49–55, 264, 379
self injection therapy 94
surgical treatment 126–48
in thyroid dysfunction 263
tissue engineering 115
topical therapy 103
treatment in men at cardiovascular risk

380–3
vacuum constriction device 121–5
as vascular disease marker 379–80
vascular surgery 127
vasculogenic 378–80

in diabetes 265
invasive diagnostic tests 66–9
post-radical prostatectomy 213
risk factors 50–1
surgical treatment 126–33

Erectile Dysfunction Impact Scale 28
Erectile Dysfunction Inventory for

Treatment Satisfaction (EDITS)
28

penile prosthesis surgery 144–5, 146
erectiometer 69

erection, penile 31–42
anatomy 31–4
in anesthetized animals 5–6
in conscious animals 6–7
in vitro studies 6
mixed, in spinal cord injuries 54
physiology 34–40, 78–9

endothelial factors 38–9
hormonal influences 39–40
neurophysiology 34–8
role of growth hormone 40, 264
role of testosterone 39, 230–2

preclinical research 2, 5–7
prolonged see priapism
psychogenic

rat model 7
in spinal cord injuries 54

reflexogenic, in spinal cord injuries 54
Erection Distress Scale 28
EROS-CTD device 330–1
erotic fantasies see sexual fantasies
Essed–Schroeder, 16 dot procedures

166
estradiol

in males 226, 257–8
erectile dysfunction and 257–8
role in bone metabolism 235, 236,

257
preparations 364–5
serum levels 242, 363
transport 227

estrogen–progestogen therapy (EPT) 363,
364, 365

continuous combined (CC-EPT) 363
continuous sequential (CS-EPT) 363
indications and benefits 366–8
risks 368–70
systemic 363
see also hormone therapy (HT), after

menopause
estrogens

environmental 257–8
in males 226

Alzheimer’s disease and 239
effects on bone mineral density 235,

236
psychic functions and 238–9

plant-derived (phytoestrogens) 257–8,
370–1

plasma, in female sexual arousal
disorder 329

role in sexual desire 151, 316
estrogen therapy (ET) 363, 364–5

in female sexual arousal disorder
330

indications and benefits 366–8
local (topical) 365, 367

in dyspareunia 347–8
risks 368–70
systemic 363
see also hormone therapy (HT), after

menopause
estrous cycle 11
estrous termination 13–14
ethical issues, in female sexual disorder

309–10
eunuchoidism 229
European Association of Urology (EAU)

226, 241, 248
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European Menopause and Andropause
Society (EMAS) 369

evidence-based medicine (EBM) 192, 193
Excel Resist® prosthesis 137
ex copula penile erection test 6–7
exercise

physiologic responses 376, 377
testing 377

expulsion, semen 188
external female genitalia 292–6

innervation 299, 300
vascular anatomy 298

external pudendal vein 33
eye disease, PDE-5 inhibitors and 84, 86

fantasies see sexual fantasies
fat mass, aging male 233–4
fecal incontinence 353, 357
female genitalia 292–302

external see external female genitalia
internal 296
peripheral neurophysiology 299, 300
physiological response to sexual arousal

300–1
vascular anatomy 298

female genital mutilation (or cutting)
(FGM or FGC) 358–9

classification 358
sexual aversion disorder after 320, 321,

323
vulvar anatomy 294, 295, 296

female sexual arousal disorders (FSAD)
325–33

cardiovascular disease and 383–4
clinical evaluation 327–9
combined genital and subjective 307,

325–6
definitions 307, 325–6
drugs causing 352, 354
genital 307, 325
investigations 329
pathophysiology 326–7
persistent (PSAD) 293, 307, 326, 331
prevalence 326
primary and secondary 326
subjective 307, 325
treatment 329–31

female sexual aversion disorder see
sexual aversion disorder, 
female

female sexual desire disorders 307,
315–19

female sexual disorders (FSD) 287–8,
305–12

animal models 13–14
cardiovascular disease and 383–4
classification 306, 307
clinical history 306–8
co-morbidity 306
ethical, legal and counseling-related

issues 309–10
failure to recognize/ask about 351, 

357
future trends 374
iatrogenic 351–7
leading characteristics 305–6
optimal referral 310–11
physical examination 292, 308–9
post-traumatic 351, 357–9

predisposing, precipitating and
maintaining factors 306–7, 308,
309

female sexual function 289–304
anatomy and physiology 289–302
preclinical research 11–14

female sexuality, leading characteristics
305–6

female sexual pain disorders 342–50
clinical approach 244–6
definitions 342–3
pathophysiology 343–4
see also dyspareunia; vaginismus

feminism 43
fibrosis, corporal see corporal fibrosis
FK506 219
fluoxetine, in premature ejaculation 193,

194
fluvoxamine 193
follicle-stimulating hormone (FSH) 66,

227–8
Food and Drug Administration (FDA) 118,

261, 362
foreskin 32
Freud, Sigmund 43
“frigidity” see sexual aversion disorder,

female
functional magnetic resonance imaging

(fMRI), female orgasm 335,
336, 337

fundiform ligament of penis 32

gabapentin 347, 371
gallbladder disease, hormone therapy and

370
gamma-aminobutyric acid (GABA) 36
ganglion impar block 347
General Assessment Question (GAQ) 79
Genesis prosthesis 137
gene therapy for erectile dysfunction 44,

115–19
α-subunit of Maxi-K+ channel (hSlo)

35, 118–19
cell-based approaches 117–18
current trials 118–19

genitofemoral nerve grafts, radical
prostatectomy 215–16

Geriatric Depression Scale 153–4
gingko biloba extract 88
ginseng, Korean red 88
glans penis, “floppy,” penile prosthesis

recipients 144
Global Study of Sexual Attitudes and

Behaviors (GSSAB) 149–50
glutamate 34, 110
glycemic control, in diabetes 267
goal-focused anxiety, in inhibited

ejaculation 202
Golombek Rust Inventory of Sexual

Satisfaction (GRISS) 27
gonadotropin-releasing hormone (GnRH;

LHRH) 227
in aging male 228
analogs, in recurrent priapism 175

GPI-1046 219
Grafenberg (G) spot 296, 338
grafting

nerve, radical prostatectomy 215–16
in Peyronie’s disease 166–9

Grayhack procedure, priapism 181, 182,
185

greater vestibular glands 296
great saphenous vein 33
growth hormone (GH) 263–4

deficiency 264
effects on testosterone 226–7
excess 263
influence on erection 40, 264
treatment 263, 264

G spot 296, 338
guanylate cyclase (GC) 34

activators 111–12
gynecologic cancers 355
gynecologic surgery 356

hair
excess, in females 292
loss of pubic, in females 292

Hauri procedure 127, 128
Heart and Estrogen/Progestin Replacement

Studies (HERS I and II) 363,
364, 368, 370

heart failure 382
heart rate, during sexual intercourse 376
“heat,” female rats 11
helicine arteries 32, 34, 38
hematologic abnormalities, priapism 174
hematoma, penile, after self-injection

therapy 102
hemoglobin, glycosylated (HbA1C) 266,

268
heparin 82
health, poor physical and psychological

49–50
hepatic failure

erectile dysfunction 51–2
PDE-5 inhibitors 82

hexarelin analogs 110
high density lipoproteins (HDL)

ED and 51
testosterone therapy and 237, 246

hippocampus 289, 335
hirsutism 292
histamine, effect on sexual desire 151
history of male sexual dysfunction 43–4
history taking, clinical

in female sexual disorders 306–8,
317–18

in male sexual dysfunction 19–20, 26–7
HLA subtypes, Peyronie’s disease and 158
hormone replacement therapy (HRT) 362,

363
hormones

control of erection 39–40
male health, aging and 225–70
see also specific hormones

hormone therapy (HT)
after menopause 362–71

alternative options 370–1
contraindications 370
controversial risk/benefit issues 370
current controversy 362–4
doses and preparations 364–5
duration 365
indications and benefits 366–8
initiation of treatment 364
monitoring 366
recommendations 369, 371

SPSIN  8/1/06  11:44 AM  Page 392



Index 393

risks 368–70
window of opportunity concept 370

causing female sexual disorders 352,
354

in dyspareunia 347–8
in female sexual arousal disorder 330
in female sexual desire disorders 318
terminology 362, 363
see also testosterone (T), therapy

hot flushes 371
human chorionic gonadotropin (hCG)

227
therapy, male hypogonadism 251

human papillomavirus (HPV) infections
293

hyaluronic acid gel, in premature
ejaculation 197

3β-hydroxysteroid dehydrogenase (3β-
HSD) 258

17β-hydroxysteroid dehydrogenase (17β-
HSD) 258, 259

5-hydroxytryptamine (5-HT) see serotonin
hymen vaginae 294–6
hypercholesterolemia 51, 86
hyperglycemia, in diabetes 266
hyperlipidemia see dyslipidemia
hyperprolactinemia (HPRL) 253–7

diagnosis 255–6
drug-induced 255–6
erectile dysfunction 253, 254–5
etiology 255
female sexual disorders 318
hypoactive sexual desire 151, 154, 255
male sexual dysfunction 253–7

mechanisms 254
prevalence 254, 255
treatment 256–7

hypersexuality, female 321
“hyper-sexual” rats 9–10
hypertension

in diabetes 266–7
erectile dysfunction risk 50–1, 64, 65,

264
female sexual dysfunction and 383–4
PDE-5 inhibitors and 84, 85, 86, 382
Peyronie’s disease and 159
yohimbine-induced 76
see also antihypertensive drugs

hyperthyroidism 191, 263
hypertrichosis 292
hypoactive sexual desire (HSD)

definition 8, 149, 315
epidemiology 149–50, 315
in female rats 14
in hyperprolactinemia 151, 154, 255
in male rats 10
in men 149–57

depression and relationship conflict
detection 153–4

diagnosis 153
etiology 152–3
hypogonadism and 229
laboratory testing 153, 240, 251
psychologic therapy 23, 155
risk factors 149–50
in thyroid dysfunction 263
treatment 154–5

in women 315–19
clinical evaluation 318

clinical history 317–18
DHEA deficiency and 259–60
drugs causing 352, 354
pathophysiology 315–16
psychotherapy 23
prevalence 315
sexual aversion disorder and 321
treatment 318–19

hypoadrenalism see adrenal insufficiency
hypogastric artery 298
hypogastric nerves 291, 299

electrical stimulation, in rats 8
hypogonadism

female rats 13–14
male 225–53

androgen therapy 66, 243–9, 251,
252

cardiovascular disease and 383
clinical features 228–9, 234
definition 225–6
in diabetes 266, 267
diagnosis and screening 60, 66,

240–3
erectile dysfunction see under erectile

dysfunction
future therapies 252–3
in hyperprolactinemia 254, 257
in hypoactive sexual desire 154
late onset see late onset hypogonadism
metabolic syndrome and 269
recommendations for screening and

therapy 251
response to PDE-5 inhibitors 86,

231–2, 244
role in sexual dysfunction 229–32
sexual function in 3, 229
sexual therapy 243–53

male rats 11
primary or hypergonadotropic 226
secondary or hypogonadotropic 226,

243
treatment 247, 249–51

hypopituitarism see panhypopituitarism
hypotension, PDE-5 inhibitor-induced 82,

83, 382, 383
hypothalamic–pituitary–testicular axis

227–8
hypothalamus

control of erection 34
in female orgasm 335
sexual dimorphism 290–1

hypothyroidism 191, 262–3, 318
hypoxia

cavernosal, post radical prostatectomy
210–11, 216–17

tissue, in diabetes 267
hysterectomy 296, 356

iatrogenic disorders
erectile dysfunction 52–3
female sexual disorders 351–7
see also drug-induced disorders; surgery-

associated sexual dysfunction
IC50 79, 80
Icavex® 97
IELT see intravaginal ejaculation latency

time
IIEF see International Index of Erectile

Function

imipramine, in retrograde ejaculation 203
immunophilin ligands, cavernous nerve

injury 218–19
implants, penile see penile prostheses
impotence see erectile dysfunction
Incentive Sequence Model 3, 4
Index of Coexisting Disease (ICED) 30
Index of Premature Ejaculation (IPE) 27
Index of Sexual Life (ISL) 64
indurato penis plastica see Peyronie’s

disease
infections

penile prostheses 143–4
management 143–4
prevention 138, 140, 146

before penile prosthesis surgery 140
inferior epigastric artery (IEA), penile

revascularization 126, 127–8
inferior gluteal artery 32
inferior hemorrhoidal nerve 292
inferior hypogastric plexus 36, 291, 299
infertility, testosterone therapy and 247
inhibited ejaculation (IE) 197–202, 205

animal models 10
diagnosis and evaluation 200–1
epidemiology 197
etiology and risk factors 197–200
future aspects 202
organogenic 197–9
psychogenic 199–200
therapy 201–2
in thyroid dysfunction 263

Inhibi ZoneTM prosthesis 138, 139
Innovital System 122, 123
inositol triphosphate (IP3) 37, 38
insight and understanding therapy 155
insulin-like growth factor-1 (IGF-1) 40,

263
insulin resistance 265, 269–70
integrated treatments 24, 323
interferons, intra-lesional, Peyronie’s

disease 161
internal pudendal artery 32, 298

accessory 32
arteriography, in high-flow priapism

176
International Classification of Disease

(ICD-10)
female sexual disorders 326
premature ejaculation 189

International Consultation on Sexual
Medicine

female orgasmic disorder 334
female sexual arousal disorder 325–6
male sexual dysfunction 19
priapism 180
surgical treatment of erectile

dysfunction 128–9, 131, 133
International Index of Erectile Function

(IIEF) 27, 49, 59, 74
evaluation of PDE-5 inhibitors 79
evaluation of surgical treatment 130,

131, 133
penile prosthesis surgery 139, 142, 146
quality of life questions 28

International Society for Sexual Medicine
(ISSM; formerly International
Society for Impotence Research;
ISIR) 43, 374
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International Society for the Study of the
Aging Male (ISSAM) 226, 241,
248

International Society of Andrology (ISA)
226, 241, 248

interpersonal factors in male sexual
dysfunction 18–19, 21–2

clinical assessment 20–1
female partner’s sexual satisfaction and

23–4
integrated treatments 24
see also partners; relationship factors

intersexual states 228, 293
intestinal submucosal grafts, Peyronie’s

disease 169
intracavernosal injections (ICI)

in cardiovascular disease 383
in erectile dysfunction diagnosis 66–7
history 44, 94
in Peyronie’s disease assessment 165
post-radical prostatectomy 217, 220–1
self-administered see self-injection

therapy for erectile dysfunction
intracavernous pressure (ICP), animal

studies 5
intracrinology 259
intra-lesional therapy, Peyronie’s disease

160–1
intra(trans)urethral alprostadil 102, 210
intravaginal ejaculation latency time

(IELT) 189–90, 191, 204
diagnostic use 191–2
effects of SSRIs 194–5

invasive diagnostic/therapeutic
maneuvers, in girls 351

Invicorp® 100
iontophoresis, in Peyronie’s disease 161
ischemic heart disease see coronary artery

disease
ischiocavernosus muscle 297
IUCLA Prostate Cancer Index 30

Jonas implant 137

Kegel exercises, in female orgasmic
disorder 338, 339

Kidney Disease Quality of Life (KDQoL)
30

Kinsey, Alfred 43
Korean red ginseng 88

labia majora 292
labia minora 292
laparoscopic approach, penile venous

surgery 131
La Peyronie’s disease see Peyronie’s disease
latent class analysis (LCA) 149
late onset hypogonadism (LOH) ((partial)

androgen deficiency of aging 
male; (P)ADAM) 6, 226,
233–40

clinical signs and symptoms 240
nature and prevalence 233
role in symptoms of male aging 233–40
screening for 240–1
testosterone therapy 245, 247–8, 251

legal issues, female sexual disorder 309–10
levator ani see pelvic floor muscles
Levitra® see vardenafil

libido see sexual desire
lichen sclerosus, vulvar 293, 294, 345–6
Life Satisfaction Checklist 30
lifestyle factors, erectile dysfunction 49
lifestyle modification

in female hypoactive sexual desire 319
postmenopausal women 371

limbic system 289
lipids, plasma

testosterone therapy and 237, 246
see also dyslipidemia

lisuride 256–7
Litwin Survey scale 30
Löblelenz procedure 127, 128
local anesthetics, topical, premature

ejaculation 196
lordosis reflex 11, 13
low density lipoproteins (LDL)

erectile dysfunction and 51
testosterone therapy and 237, 246

lower urinary tract symptoms (LUTS)
erectile dysfunction and 54
female sexual disorders and 297, 306,

353
painful ejaculation 204

lumbosacral sympathetic chain 299
luteinizing hormone (LH) 66, 227–8

in aging male 228
in diagnosis of hypogonadism 241
in hyperprolactinemia 254

luteinizing hormone-releasing hormone
(LHRH) see gonadotropin-
releasing hormone

LY 3335119, mechanism of action 35
lymphadenectomy, for breast cancer 354,

355
lymphedema, after breast cancer surgery

355
lymphocytic hypophysitis 264

macroprolactins 254–5
magnetic resonance imaging (MRI)

functional (fMRI), female orgasm 335,
336, 337

in hyperprolactinemia 256
penile prostheses 143

maintaining factors
female sexual disorder 306–7, 309, 357
male sexual dysfunction 18–19

male sexual dysfunction
animal models 9–11
cardiovascular issues 376–83
epidemiology 44–7
history 43–4
in hyperprolactinemia 253–7
in metabolic disorders 264–70
other hormonal alterations causing

257–64
psychologic and interpersonal aspects

18–30
radical pelvic surgery associated 210–24
role of hypogonadism 229–32
screening for hypogonadism 240

male sexual function
aging effects 239–40
assessment 19–20, 26–7
preclinical research 3–11
self-administered questionnaires

19–20, 27

Male Sexual Health Questionnaire
(MSHQ) 27, 59

MALES study 46–7
malignant disease see cancer
mammography 366
Massachusetts Male Aging Study (MMAS)

cognitive function 238
erectile dysfunction 45, 49, 259, 264,

379
metabolic syndrome 237

mastectomy 322, 323, 354
Masters and Johnson 43

on premature ejaculation 23, 189, 190
sex therapy 22, 339

masturbation
female, orgasm during 337
high frequency idiosyncratic 199–200
history taking 310, 317–18

maxi potassium (K+) channels
α-subunit (hSlo), gene transfer 35,

118–19
openers 35

medical disorders
associated with erectile dysfunction

51–2, 54, 55, 64, 65
female sexual disorder and 306
sexual aversion disorder and 321–2

Medical Outcomes Study (MOS) Family
Survey 28

Medical Outcomes Study (MOS) Short
Form 12: Mental Health 28

Medical Outcomes Study (MOS) Short
Form 12: Physical Health 28

Medicated Urethral System for Erection
(MUSE) 39, 102

questionnaire 29
transurethral alprostadil with 102–3

medroxyprogesterone acetate (MPA) 365,
371

megestrol acetate 371
melanocortin receptor (MCR) agonists

109–10
melanocortin receptors (MCR) 34, 78, 

109
melanocortins 34, 78
alpha-melanocyte stimulating hormone

(α-MSH) 109
melanotan II 109
melatonin 261–2
menopause 287–8, 362

age at 362
homolog in female rats 14
hormone therapy after 362–71
iatrogenic 315, 353, 356, 366–7
premature, hormone therapy 366–7
quality of life impact 366
symptoms 366
see also postmenopausal women

Mentor Corporation, penile prostheses
137, 138, 139, 140, 145

metabolic disorders 225–70
DHEA therapy and 260–1
male sexual dysfunction 264–70

metabolic equivalents (METs) 376, 377
metabolic syndrome (syndrome X) 268–9

aging male 234
erectile dysfunction and 64, 65, 268–9
testosterone levels and 236, 237
testosterone therapy 237
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7α-methyl-19-nortestosterone (MENT)
252–3

Michal, Vaclav 43, 50, 126
Michal I procedure 126, 127
Michal II procedure 127–8
microcirculation, penis 33–4
micropenis 228, 263
middle hemorrhoidal artery 298
middle hypogastric plexus 291
Million Women Study 363
minoxidil, topical 103–4
MMAS see Massachusetts Male Aging

Study
mons pubis 292
mood (affect)

in aging men 238
effects of DHEA 261
female sexual arousal disorder and

328
see also depression

motivation see sexual motivation
moxisylyte

intracavernosal 97
S-nitrosylated 111

Mullerian inhibiting hormone 31
multidisciplinary team, in female sexual

disorder 309
Multinational Study of the Aging Male

(MSAM) 62, 63
muscle mass, aging male 234
muscle strength, aging male 234–5
MUSE see Medicated Urethral System for

Erection
myalgia, levator ani 345
myocardial infarction (MI)

PDE-5 inhibitors and 84, 85
risk after sexual intercourse 377–8
testosterone levels and 236

myosin light chain (MLC) kinase 34, 36
myosin light chain (MLC) phosphorylase

34–6

naloxone
in female rats 13, 14
in male rats 8, 10

L-NAME 14
National Health and Social Life Survey

(US) 149, 335
National Institutes of Health (NIH)

consensus meeting on impotence (1993)
44, 128, 131

hormone therapy terminology 362
NCX-911 111
neocortex 289
nerve grafting, radical prostatectomy

215–16
nerve growth factor (NGF) 344
nerve injury, post-radical pelvic surgery

210, 211, 213
nervi erigentes 34, 78, 291
Nesbit procedure, Peyronie’s disease 166,

167
neural pathways, sexual dimorphism

291–2
neurologic diseases

efficacy of PDE-5 inhibitors 83
erectile dysfunction 51, 55
premature ejaculation 191
retrograde ejaculation 203

neuromodulatory drugs, post-radical
prostatectomy 217–19

neuropeptide Y (NPY) 34, 37
neurostimulation, intraoperative, radical

prostatectomy 214–15
neurotransmitters 289–90

controlling erection 34, 35, 36
in female sexual arousal 301
influencing sexual desire 151

nicotine abuse 50
see also smoking, cigarette

nitrates, PDE-5 inhibitor interactions 82,
83, 382

nitric oxide (NO) 34, 39, 196, 301
DHEA-induced release 259
in diabetes 266
in female genital arousal response 301
gene therapy approaches 117, 118
releasing PDE-5 inhibitors 111
role in erection 34, 78–9

nitric oxide synthase (NOS) 34
after cavernous nerve injury 210, 218
in diabetic insulin resistance 265
inducible (iNOS), gene therapy 117,

118
testosterone-mediated regulation 39,

230
nitroglycerin, topical 104
nocturnal penile tumescence (NPT) testing

69–70, 139
non-adrenergic, non-cholinergic 

(NANC-peptidergic) nerves 34,
38

non-arteric anterior ischemic optic
neuropathy (NAION) 84

noncontact erections (NCEs), rat model 7
norepinephrine

control of erection 34, 36, 37–8
yohimbine-induced release 75

norethisterone acetate 371
North American Menopause Society 362
nucleus tractus solitarius (NTS) 299, 335

obesity
abdominal (visceral), aging male 233–4
erectile dysfunction and 49, 64
in men 269–70
penile prosthesis surgery and 139

oblique emissary veins 32
obstetrics, iatrogenic sexual disorders

356–7
obturator artery 32

penile arteries arising from 32
ocular safety, PDE-5 inhibitors 84
odynorgasmia 203–4
Omniphase implants 143
oophorectomy, bilateral 315, 356, 362
opioids/opiates 36, 53
optic neuropathy, non-arteric anterior

ischemic (NAION) 84
oral contraceptive pill 43, 354, 364
orgasm

associated urinary incontinence (OAI)
212, 338

female
aging effects 335
animal studies 8, 12–13
definition 334
genital response 300

imagery-induced 335
in spinal cord injury 335, 358

male, preclinical research 8
orgasmic disorder

female 307, 334–40
clinical approaches 337–9
definition 334
drugs causing 352, 354
pathophysiology 335–7
prevalence 334–5
treatment options 339–40

post-radical prostatectomy 211–12
primary and secondary 335
see also anorgasmia

Osbon Erec-Aid® 121, 122, 123
Osbon Esteem® 122
osteopenia, in aging males 235–6
osteoporosis

in estrogen-deficient men 257
postmenopausal 367–8, 371

ovarian cancer, hormone therapy-
associated risk 368

ovarian failure, premature (POF) 366
ovariectomized rats 13, 14
oxytocin 34, 39

gender differences 290
role in sexual desire 152, 316
therapeutic potential 110

paced copulation, female rats 13, 14
Paget’s disease of bone 158
pain 342

diary 346
disorders, female sexual see female

sexual pain disorders
neuropathic, dyspareunia 342, 345–6
nociceptive 346
psychogenic 342
self-injection-induced erections 96, 

99
see also dyspareunia; vaginismus

panhypopituitarism
DHEA deficiency 259
DHEA replacement therapy 260
GH deficiency 264

panic disorder, sexual aversion disorder
and 321

papaverine 96–7
intracavernosal 96–7

discovery 44, 94
efficacy 96, 97
side effects 96, 97

topical gel 104
papaverine/phentolamine, intracavernosal

98–9
diagnostic test 67
efficacy 96, 97
post-radical prostatectomy 220
side effects 96, 97

papaverine/phentolamine/prostaglandin
E1, intracavernosal 99–100

diagnostic test 67
drug compositions 99
post-radical prostatectomy 221

paracervical ganglia 299
parasympathetic nervous system

female genitalia 299
gender differences 291–2
initiation of erection 34–6, 78
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paroxetine, in premature ejaculation 193,
194

partial androgen deficiency of aging male
(PADAM) see late onset
hypogonadism

partners
in erectile dysfunction 23–4, 60–1

evaluation 64–5
responses to vacuum therapy 122,

123
in female sexual arousal disorder 328
in female sexual disorder 311, 

317
in female sexual pain disorders 348
integrated treatments 24
in male sexual dysfunction 20, 23–4
in sexual aversion disorder 322–3

P-chloroamphetamine (PCA)-induced
ejaculation 8

PDE-5 inhibitors see phosphodiesterase-5
inhibitors

pelvic floor disorders 297, 305, 343
childbirth-associated 357
hyperactive 297, 344, 345, 347
rehabilitation 348

pelvic floor (Kegel) exercises, in female
orgasmic disorder 338, 339

pelvic floor muscles (levator ani) 296–7
contraction, in vaginismus 343
myalgia 345
obstetric injury 357
orgasm-induced contractions 334

pelvic fractures 53
pelvic inflammatory disease (PID) 345,

347, 353
pelvic nerve 299
pelvic surgery, radical see radical pelvic

surgery
penile angiography 69

in high-flow priapism 176
penile erection 5

penile length
after priapism 183
after prosthesis implantation 137–8,

139
after radical pelvic surgery 210–11
loss in Peyronie’s disease 165
prosthesis selection and 140

penile prostheses 136–48
anesthesia 142
antibiotic-coated 138
history 43–4, 136
hydrophilic coatings 138
inflatable 137–8, 139

implantation 141–2
mechanical complications 144
results 145

intraoperative complications 142
operative considerations 140–2
patient and implant selection 138–40
in Peyronie’s disease see under Peyronie’s

disease
postoperative complications 143–4
postoperative management 142
post-radical prostatectomy 221
preoperative care 140
in priapism 182–3
recommendations 146
re-operations 144

results 144–6
semi-rigid 137, 145
SST-deformity 144
types 136–8

penile rehabilitation, post-radical
prostatectomy 216–17, 218

penile revascularization procedures
127–30

penile trauma
amputation, prosthetic surgery 136
erectile dysfunction after 54
priapism complicating 175–6

penis
anatomy 31–4
arterial insufficiency, in diabetes 265
arterial supply 32, 33
bruising

after self-injection therapy 102
complicating vacuum therapy 123

curvature
acquired see Peyronie’s disease
congenital see congenital penile

deviation
embryology 31
erection see erection, penile
fibrosis see corporal fibrosis
fractures 54
hematomas, after self-injection therapy

102
microcirculation 33–4
parasympathetic nerve supply 34–6

testing of integrity 70
revascularization procedures 43,

127–30, 133
somatic innervation 38

testing of integrity 69, 70
sympathetic innervation 34, 36–8

testing of integrity 70–1
tissue engineering 115
unilateral 32
vascular surgery 126–35
venous drainage 32–3
venous surgery 126–7, 130–3

performance see copulation
pericardial grafts, Peyronie’s disease 169
perineal nerve 292, 300
perineal surgery, dyspareunia after 345
perineal trauma

acute 54
chronic 54

perineum, innervation 291–2
peripheral neuropathy, in diabetes 266
periprostatic (Santorini’s) plexus 32, 33
persistent sexual arousal disorder (PSAD)

293, 307, 326, 331
Peyronie’s disease 158–73

animal models 2, 10–11
combination therapies 162
epidemiology 158–9
external energy therapy 161–2
genetics 158
intra-lesional therapy 160–1
non-surgical therapies 159–62
oral therapy 159–60
pathophysiology 158–64
penile prostheses 139, 146, 169–70, 221

choice of implant 137, 138
recommendations 169–70

post-radical prostatectomy 212–13

surgical treatment 165–73
guidelines 165–71
indications 165
options 166–9
plaque manipulation and grafting

166–9
plication-type procedures 166, 167,

168
preoperative assessment 165–6
research guidelines 170–1

topical therapy 160
vacuum therapy-associated 123

PGE1 see prostaglandin E1
pH, vaginal 296
phenprocoumon 102
phentolamine 87, 97

intracavernosal injection 97
combinations see

papaverine/phentolamine,
intracavernosal;
papaverine/phentolamine/
prostaglandin E1,
intracavernosal

synergism with other agents 98
oral administration 87
VIP combination for intracavernous

injection 100
phenylephrine, in priapism 175
pheromones 151, 291
phobic attitudes

in sexual aversion disorder 320
in vaginismus 342, 345

phosphodiesterase-5 (PDE-5) inhibitors
78–87

animal studies 5–6
in cardiovascular disease 83, 84, 85,

382–3
chronic daily dosing 86
combined with self-injection therapy

100–1
in diabetes 83, 85, 86, 267–8, 382
drug interactions 82–3, 382, 383
efficacy 83–4

measures of 79–80
testosterone levels and 231–2

in female sexual disorders 330
high-dose therapy 86
history 44
in hypogonadal men 86, 231–2, 244
impact on diagnostic testing 68
impact on other therapies 109, 124, 

138
mechanism of action 35, 78–9
new 110–11
nitric oxide-releasing 111
non-responders 85–6
ocular safety 89
overdose 85
pharmacodynamics 80–2
pharmacokinetics 80, 81
post-radical prostatectomy 219–20

efficacy 83, 84, 86
nerve grafting and 216
penile rehabilitation 217, 218

premature ejaculation 196
safety 84–5
selectivity 80

phosphodiesterase (PDE) system 79, 81
phospholipase C 37
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photography, in Peyronie’s disease
assessment 165

physical activity see exercise
physical examination

in erectile dysfunction 61–2
in female sexual disorder 292, 308–9

physical health, poor 49–50
physical inactivity 49
phytoestrogens 257–8, 370–1
pituitary adenomas, prolactin-secreting

255–6, 257
pituitary insufficiency see

panhypopituitarism
plethysmography, vaginal 329
polycythemia, testosterone therapy and

247
positions for sexual intercourse, cardiac

stress and 377
positron emission tomography (PET) 230
postmenopausal women

dyspareunia 345, 347–8
hormone therapy 362–71
hypoactive sexual desire 315
sexual arousal disorder 326, 330
see also aging women; menopause

postoperative erectile dysfunction 52–3
postpartum amenorrhea 353
postpartum sexual disorders 356–7
post-traumatic erectile dysfunction 53–4
post-traumatic female sexual disorder

351, 357–9
post-traumatic stress disorder (PTSD) 320,

321
Post-T vacuum device 122, 123
potassium amino benzoid (Potaba), in

Peyronie’s disease 160
potassium channels 34

maxi see maxi potassium (K+) channels
potency 2
precipitating factors

female sexual disorder 306–7, 308,
353–7

male sexual dysfunction 18
preclinical research 1–16

collaborations 15–16
experimental techniques 15
female sexual function 11–14
guidelines and recommendations

15–16
male sexual function 3–11
rectification of terms 2–3
selection of topics 15

precopulatory behaviors 4, 8–9, 13
predisposing factors

female sexual disorder 306–7, 308,
351–3

male sexual dysfunction 18
prefrontal cortex 289
pregabalin 347
premature ejaculation (PE) 189–98

acquired 191, 193
animal models 9–10
clinical trial design 192
definition 189, 193
diagnosis 191–2
distress 192
epidemiology 189–90
etiology and risk factors 190–1
future aspects 197–8, 204–5

hyperprolactinemia 255
lifelong 190–1, 193
new treatment 44
pharmacologic treatment 193–6
psychotherapy 23, 196–7
questionnaires 192
research methodology 192–3
role of anxiety 21
surgery 197
therapy 193–8
in thyroid dysfunction 191, 263

pre-packaged biological grafts, Peyronie’s
disease 168–9

priapism 174–87
animal models 2
of clitoris 293
intracavernous injection-induced 67,

95, 96, 99, 101
ischemic (low flow; venocclusive)

174–5
clinical findings 174, 175
non-surgical management 174–5,

180
surgical management 180–5

see also shunt surgery for priapism
management algorithm 177
non-ischemic (high flow; arterial)

175–6
management algorithm 178
non-surgical management 176
surgical ligation procedures 185–6

pathophysiology and non-surgical
management 174–9

research guidelines 186
stuttering or intermittent 174, 175
surgical management 180–7

proceptive behavior 4, 13
Princeton Consensus Conference 381
progesterone 151, 242
progestogens (progestins) 363

causing hypoactive sexual desire 354
for menopausal symptoms 371
used in hormone therapy 364, 365
see also estrogen–progestogen therapy

prolactin (PRL) 253
big (macroprolactins) 254–5
role in sexual desire 151, 152, 316
serum 242

in erectile dysfunction 66, 254, 256
in female sexual arousal disorder 329
in other male sexual dysfunction 255

see also hyperprolactinemia
prolapse, genital 297, 353
prostacyclin (PGI2) 38–9
prostaglandin E1 (PGE1; alprostadil)

intracavernosal injection test 67
intracavernosal injection therapy 94–6

in cardiovascular disease 383
combination injection therapy 98,

99–100
combined with oral drug therapy

100–1
complications 96, 101–2
post-radical prostatectomy 217,

220–1
vs triple drug combination 99, 100
see also papaverine/

phentolamine/prostaglandin E1,
intracavernosal

lyophilized liposomal (LLPGE),
transurethral 103

physiologic effects 35, 38, 39, 94–5
post-radical prostatectomy changes

211, 216–17
receptors 39
topical therapy 103, 111
trans(intra)urethral

with MUSE 102–3
post-radical prostatectomy 220

prostaglandin E2 (PGE2) 38
transurethral therapy 103

prostaglandin F2α 38
prostaglandin E (EP)-peptides 34
prostanoids, in penile erection 38–9
prostate cancer

erectile dysfunction and 61
radical surgery see radical prostatectomy
testosterone therapy and 245–6, 247

prostatectomy
erectile dysfunction after 52–3, 213–21
penile prosthesis surgery after 140,

141–2
radical see radical prostatectomy

prostate specific antigen (PSA)
erectile dysfunction and 61, 66
testosterone therapy and 246, 248

prostatic hyperplasia, benign see benign
prostatic hyperplasia

prostheses, penile see penile prostheses
protein kinase A 35
protein kinase C inhibitors 35
protein kinase G 35
PSA see prostate specific antigen
pseudoephedrine, in retrograde

ejaculation 203
psychiatric disorders, female sexual

function and 306
psychiatrist, referral to 319
psychic functions, aging male 238–9
psychoanalytic theory, premature

ejaculation 190
psychological health, poor 49–50
psychologic factors

in erectile dysfunction 20–1, 22–3
in female orgasmic disorder 336–7
in female sexual arousal disorder 327,

328
in female sexual disorders 306, 308, 

309
in female sexual pain disorders 342,

343, 344
in inhibited ejaculation 199–200
in male sexual dysfunction 18–19, 20–1
in premature ejaculation 190, 191

Psychologic General Well-Being Index
(PGWBI) 29

psychologic treatment
combined with vacuum therapy 121
in female orgasmic disorder 339
in female sexual arousal disorder 330
in hypoactive sexual desire 23, 155, 319
in inhibited ejaculation 201–2
in male sexual dysfunction 22–4
in premature ejaculation 196–7
in sexual aversion disorder 323
in vaginismus and dyspareunia 348

psychosomatic theory, premature
ejaculation 190
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psychotropic drugs
causing erectile dysfunction 53, 378
causing female sexual disorder 322, 352
causing hyperprolactinemia 256
see also antidepressants

PT-141 13, 109–10
pubococcygeus muscle 296–7
pudendal motorneuron reflex discharge

(PMRD), in rats 8
pudendal nerve 38, 291–2

childbirth-associated injury 357
compression 292
entrapment syndrome 345
female anatomy 299, 300
latency times 69

pudendal plexus 32
pulmonary embolism, hormone therapy

and 369

Quackles shunt 181, 182
quality of life (QoL)

couple, in erectile dysfunction 64
measures, sexuality-related 20, 28–30
menopausal symptoms and 366

Quality of Life in Male Erectile Dysfunction
(QoL-MED) 30

Quality of Life (QoL) questionnaire,
Denmark 30

Quebec 2000 Abbreviated Dyadic
Adjustment Scale 154

questionnaires
depression 62, 63
erectile dysfunction 59, 60, 61
male sexual dysfunction 19–20, 27

quinagolide 256–7

radiation-induced erectile dysfunction 53
radical pelvic surgery 210–24

alterations in orgasm after 211–12
erectile dysfunction after 53, 213–21
female sexual disorders after 355
penile length alterations 210–11
Peyronie’s disease after 212–13

radical prostatectomy (RP) 210–24
alterations in orgasm after 211–12
erectile dysfunction after 53, 213–21

pathophysiology 213–14
treatment 219–21

erectile dysfunction-minimizing
maneuvers 214–19

cavernous nerve interposition
grafting 215–16

intraoperative neurostimulation
214–15

neuromodulatory drugs 217–19
penile rehabilitation 216–17, 218

nerve sparing 214
intraoperative neurostimulation and

214–15
PDE-5 inhibitors 83, 84, 86, 219–20

penile length alterations after 210–11
penile prosthesis 221
Peyronie’s disease after 212–13

radiotherapy 356
raloxifene 371
RAND-SF36 29
rapid ejaculation 23
rats 2

see also animal models

receptive behavior 4, 13
recreational drugs 53, 378
rectal examination, digital see digital rectal

examination
rectocele 297
rehabilitation

pelvic floor 348
penile, post-radical prostatectomy

216–17, 218
relationship factors

in female sexual arousal disorder 328
in female sexual desire disorders 316
in female sexuality 305
in male sexual dysfunction see

interpersonal factors in male
sexual dysfunction

in sexual aversion disorder 322–3
see also partners

relationship problems
detection 154
interventions 155
premature ejaculation 189

reliability, measures of sexual function 19
religious beliefs 199, 322, 337
renal failure

erectile dysfunction 52
PDE-5 inhibitors 82
testosterone therapy 244

ResistTM coating, penile prostheses 138,
139

respiratory diseases, erectile dysfunction
51

retrograde ejaculation 203, 204
revascularization procedures, penile

127–30
history 43, 126
rationale and surgical approaches

127–8
recommendations 128, 133
results 128–30

rheumatoid arthritis, Peyronie’s disease
and 159

Rho-kinase 36
inhibitors 36, 112

Rho-kinase A (Rho A) 36
rifampin 82
Rigiscan® system 70
role play, in inhibited ejaculation 201
Rosenberg Self-Esteem Scale 29
RSD 992 110

Santorini’s (periprostatic) plexus 32, 33
saphenous vein bypass (Grayhack

procedure), priapism 181, 182,
185

scarring, penile see corporal fibrosis
selective androgen receptor modulators

(SARMs) 252, 253
selective estrogen receptor modulators

(SERMs) 371
selective serotonin reuptake inhibitors

(SSRIs) 193, 195
ejaculation-specific (ESSRIs) 205
female sexual disorders caused by 322,

339, 354
for menopausal symptoms 371
painful ejaculation induced by 204
in premature ejaculation 193–5, 205

clinical trial methodology 193

daily treatment 194
on-demand treatment 194–5
physiology of action 188–9

reversal of anorgasmia induced by 202
selectivity ratio, PDE-5 inhibitors 80
self-injection therapy for erectile

dysfunction 94–102
combined with oral drug therapy 100–1
complications 101–2
in diabetes 102, 268
drug combinations 98–100
drugs used 94–8
efficacy 96
history 44
post-radical prostatectomy 220–1
side-effects 96
in special patient populations 102
technique 101
triple drug combination see

papaverine/phentolamine/
prostaglandin E1,
intracavernosal

sensate focus technique 197, 339
serotonin

control of ejaculation 188–9
control of erection 34, 36
effect on sexual desire 151

serotonin (5-HT) receptor agonists
5-HT-1A, in inhibited ejaculation 202
5-HT2C, in erectile dysfunction 110

serotonin (5-HT) receptor antagonists, in
inhibited ejaculation 202

sertraline, in premature ejaculation 193,
194

sex education
in adolescence 351
in female orgasmic disorder 339
in inhibited ejaculation 201

sex hormone binding globulin (SHBG) 66,
226–7

aging changes 228, 233
in metabolic syndrome 269
plasma levels 241, 242

sex steroids
Alzheimer’s disease and 239
cardiovascular risk factors and 236
metabolism 258
normal serum values 242
see also androgens; estrogens;

testosterone
sex therapy

in erectile dysfunction 22
in female orgasmic disorder 339
in female sexual arousal disorder 330

sexual abuse 321, 351
sexual activity

age effects 46, 47
cardiovascular response 376–8
history taking, in women 317, 318
normal frequency 153
risk in cardiovascular disease 381
see also sexual intercourse

sexual arousal 2–3
definitions 325
disorders, female see female sexual

arousal disorders
in female animals 2, 12
hypoactive, female rats 14
physiologic genital 2
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problems, inhibited ejaculation 200
psychologic or subjective 2, 11–12
rodent models 3
theory, premature ejaculation 190
in women 11–12, 300–1

sexual aversion disorder (SAD), female
320–3

clinical evaluation 323
clinical history 321–3
definition 307, 320
partner-related issues 322
pathophysiology 321
prevalence 321
treatment 323
vaginismus and 348

sexual avoidance, female 320
sexual behavior 1

female rats 12, 13
human–animal equivalents 1, 2–3, 4
hypothalamic sexual dimorphism and

291
paradigms used as rodent models 3

sexual desire 2–3
after female genital mutilation 359
animal studies 3, 8–9, 13
components 150–2
conceptual model 152
defined 8
disorders in women 307, 315–19
effect of testosterone 151, 152, 244
hypoactive see hypoactive sexual desire

sexual dimorphism
brain 290–1
neural pathways 291–2

sexual drive 150, 316
molecules promoting 150–2

sexual encounter profile (SEP) 79–80
“sexual exhaustion” paradigm 10
sexual fantasies

history taking 317
lack of, in women 315
partner disparity, causing inhibited

ejaculation 199–200
Sexual Health Inventory for Men (SHIM)

59, 60
sexual identity, female 305
sexual inhibition, rodent models 3
sexual intercourse

cardiac risk 377–8
cardiovascular response 376
metabolic equivalents (METs) 376, 

377
positions, cardiac stress and 377
sudden death risk 378
see also sexual activity

sexuality, leading characteristics of
women’s 305–6

sexually transmitted infections 351–3
sexually unresponsive women see sexual

aversion disorder, female
sexual motivation

animal studies 8–9, 13
women 316
see also sexual desire

sexual pain disorders, female see female
sexual pain disorders

sexual performance anxiety 200
sexual relationship 305
sexual reward, animal studies 3, 8–9

sexual satisfaction/dissatisfaction
after termination of pregnancy 356
female 305
female partners of sexually

dysfunctional men 23–4, 64–5
in premature ejaculation 189, 192

shaving, preoperative genital 140
SHBG see sex hormone binding globulin
shock wave therapy, Peyronie’s disease

161–2
shunt surgery for priapism 180–5

outcomes 183–5
postoperative management 183
preoperative evaluation 180–1
procedures 181–3
research guidelines 186
timing 180

sickle cell disease, priapism 174, 175, 185
sildenafil 78–87

in cardiovascular disease 382–3
cardiovascular risk 376
chronic daily dosing 86
combined with self-injection therapy

100–1
combined with vacuum therapy 121
in diabetes 268
drug interactions 82–3, 382
efficacy 83–4
in female sexual disorders 330
history of introduction 44
in hypogonadal men 231–2
non-responders 85–6
overdose 85
penile implant recipients 144
pharmacodynamics 80–2
pharmacokinetics 80, 81
post-radical prostatectomy 219–20

nerve grafting and 216
penile rehabilitation 217, 218

in premature ejaculation 196
safety 84–5
vs apomorphine 77
vs penile prostheses 144–5

single potential analysis of cavernous
electrical activity (SPACE) 70

situational factors see contextual factors
Sjögren’s syndrome 345, 346
sleep apnea, obstructive 51
sleep disturbances, melatonin therapy 262
smoking, cigarette

in diabetes 267
erectile dysfunction risk 49, 50, 379

snap gauge band test 69
sociocultural factors

in female orgasmic disorder 337, 339
in female sexual disorder 305–6

somatosensory evoked potentials (SSEP)
69

sphincter urethrae 297
spinal cord

parasympathetic reflexogenic erection
center 34

penile sensory processing 38
psychogenic erection center 36

spinal cord injuries (SCI)
erectile dysfunction 53–4
female orgasms 335, 358
inhibited ejaculation 199
topical minoxidil 103–4

in women 357–8
squeeze technique, in premature

ejaculation 197
SSDA implant 137
SSRIs see selective serotonin reuptake

inhibitors
SST-deformity, penile prosthesis 144
stamp test 69
statins 86, 379
stem cells 117
steroids see corticosteroids; sex steroids;

individual steroids
stop-start method, in premature

ejaculation 196–7
stress, hyposexual responsiveness in male

rats 10
stroke, hormone therapy and 369
substance abuse

female sexual dysfunction and 316
see also alcohol consumption; smoking,

cigarette
sudden death, coital 378
superficial dorsal veins of penis 33
superior hypogastric plexus 36, 291
sural nerve grafting, radical prostatectomy

216
surgery-associated sexual dysfunction

dyspareunia 345
erectile dysfunction 52–3
female hypoactive sexual desire 315
in females 354–6
inhibited ejaculation 199
retrograde ejaculation 203, 204
sexual aversion disorder 322, 323
see also radical pelvic surgery

surgical treatment
erectile dysfunction 126–48
Peyronie’s disease 165–73
premature ejaculation 197
priapism see shunt surgery for priapism
retrograde ejaculation 203

suspensory ligament of penis 31–2
sympathetic nervous system

female genitalia 299
in female sexual arousal 301
gender differences 291–2
hyperinnervation post radical

prostatectomy 211
hypersensitive, premature ejaculation

190
inhibition of penile erection 36–8
penile blood flow regulation 34
in sexual aversion disorder 321
testing in erectile dysfunction 70–1

sympathetic skin response (SSR) 70–1
symptom carriers and inducers 311, 317
syndrome X see metabolic syndrome
systemic lupus erythematosus 261

TA-1790 (avanafil) 111
tacrolimus 219
tadalafil 44, 78–87

in cardiovascular disease 383
chronic daily dosing 86
in diabetes 268
drug interactions 82–3, 382, 383
efficacy 83–4
non-responders 85–6
overdose 85
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tadalafil (cont.)
pharmacodynamics 80–2
pharmacokinetics 80, 81
post-radical prostatectomy 220
safety 84–5

tamoxifen
causing female sexual disorders 354
in Peyronie’s disease 160, 162

tampons, difficulty in using 351
tamsulosin 212, 383
terazosin 83
terbutaline, in priapism 175
termination of pregnancy (TOP) 356
testes, trauma 54
testis-determining factor (TDF) 290
testosterone (T)

aging changes 228
bioavailable (BT) 226, 241
biosynthesis 258
bone mineral density 235
cardiovascular function 236
control of erection 39, 230–2
effect on sexual desire 151, 152, 244
feedback control 227–8
free (FT) 226, 241–2, 242
long-acting injectable 248–9
mechanism of action and conversions

226
oral 248, 249
in penis development 31
and psychic functions 238
responsiveness in aging men 228
role in sexual function 229–30
secretion 227
serum levels 242

age-related decline 225, 228, 233
in diabetes 266
in diagnosis of hypogonadism 241–3
diurnal variation 227, 242
efficacy of PDE5-inhibitors and

231–2
in erectile dysfunction 66, 229, 240
in hyperprolactinemia 254
measurement 242–3
in metabolic syndrome 269
recommendations 251
symptoms of male aging and 233–40
thresholds for effects on sexual

function 229–30
in women 242, 363

and sexual functioning 39, 239
testosterone cypionate 248–9
testosterone enanthate 248–9
testosterone undecanoate 248, 249
therapy 243–9, 250

in aging men 234, 235, 237–8,
239–40

algorithms 251, 252
alternatives to 249–51
in cardiovascular disease 383
combination therapy 244
contraindications 247, 250
in diabetes 267
in erectile dysfunction 66, 230–1,

232, 243–4, 251, 252
in hyperprolactinemia 257
in hypoactive sexual desire in men

154
indications 247–8, 250

initiation and follow up 248
monotherapy 243–4
PDE-5 inhibitor non-responders 86
possible benefits 250
preparations available 248–9
recommendations 251
risks and side-effects 244–7, 250
topical, in dyspareunia 348
trial of 248
in women after menopause 365, 367

thromboxan A2 38
transdermal 249
transport 226–7
vascular effects 236–7

testosterone cypionate 248–9
testosterone enanthate 248–9
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