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Preface

v

For the generation that reached sexual maturity in the 1960s, the “pill”
became synonymous with sexual freedom and started a sexual revolution.
For women it meant freedom from the fear of pregnancy, and for men
enhanced sexual opportunity. The new era of the pill has nothing to do with
fertility, but everything to do with sex.  The first orally effective prescrip-
tion drug for treating erectile dysfunction (ED) was marketed in 1998.
Sildenafil (Viagra®) has rejuvenated the aging male veterans of the sexual
revolution, forever changed the science of sexual medicine, and trans-
formed society’s perspective on aging and sex.  This class of drugs, known
as oral phosphodiesterase inhibitors (PDE-type 5), is highly effective in the
treatment of ED. Since its introduction there has been a much greater aware-
ness of ED, its comorbidities, and its effects on the quality of life.  In 1997,
while preparing to address the Endocrine Society on the occasion of the
92nd American Urological Association meeting, I first looked at the pre-
clinical studies of sildenafil. I thought “this will change everything” and it
clearly has—changing practice patterns in sexual medicine, and the atti-
tudes of patients, potential patients, and their partners.  Two new PDE-type
5 inhibitors, tadalafil (Cialis®) and vardenafil (Levitra®), were first
approved by the European Committee for Proprietary Medicinal Products
and subsequently by the Food and Drug Administration in 2003 and 2004.

The new PDE-5 inhibitors have given health care providers a choice in
prescribing therapy for ED, but it remains to be seen whether these or
subsequent agents will provide the opportunity to treat more patients or, for
that matter, to treat the same patients more effectively and safely.
Pharmacological management of ED can now be given as a tablet, as a
sublingual preparation, as an intraurethral pellet, as a topical gel, and as an
injection. Current lines of study are looking at inhalation as a faster route
of treatment delivery. These various drugs work through differing
physiological mechanisms: amplifying penile blood flow elicited by sexual
stimulation, enhancing neural signaling, and in some instances can even
induce erection without sexual stimulation.

The 1970s saw the development of safe and effective surgery; the penile
implant was a specific surgical solution addressing only one aspect of male
sexual dysfunction. This compendium addresses each aspect of male sexual
dysfunction: interest, performance, and orgasm. With the advent of oral
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medications, the burden of first evaluation has fallen on the primary care
provider. Oral Pharmacotherapy for Male Sexual Dysfunction is written
for the urologists, family physicians, internists, and residents-in-training
who need to be familiar with the diagnostic approaches to male sexual
dysfunction and pharmacological strategies for its safe and effective man-
agement.

Oral Pharmacotherapy for Male Sexual Dysfunction begins with a
review of penile anatomy, physiology, and pharmacology written by Dr.
Tom Lue, who first described the hemodynamics of erection, and inspired
me some 20 years ago to take up this subspecialty.  Dr. John Mulhall of
Cornell University addresses common medical risk factors for ED, and the
controversial issue of whether lower urinary tract symptoms independent
of aging are causally linked to ED?  Dr. Irwin Bischoff has devoted a
lifetime of effort to pharmaceutical research, and I am grateful that prior to
his retirement he accepted this task of summarizing the pharmacology and
development of PDE-type 5 inhibitors.  Dr. Harin Padma-Nathan has a
unique practice devoted to clinical trials, and shares his insights on the
preclinical data and five years postmarketing data on sildenafil.  Dr. Culley
Carson of the Department of Urology at the University of North Carolina
has been extensively involved with the design and conduct of US clinical
trials of tadalafil.  Dr. Ajay Nehra, a consultant for Mayo Clinic, indepen-
dently reviews the preclinical data on vardenafil.  Dr. Louis Kuritzky from
the Department of Family Medicine University of Florida, is a lecturer,
teacher, and advocate of sexual health in the primary care setting.  Dr. Ira
Sharlip is a practicing urologist in San Francisco and past president of the
Sexual Medicine Society of North America; he addresses who should be
referred to a urologist and shares his strategy on how to evaluate and man-
age men who have atypical presentations that require focused testing. Dr.
Robert Kloner of the Keck School of Medicine at the University of South-
ern California describes how to assess the risk of sexual function in the
cardiac patient and just how safe PDE inhibitors are for these men.  Dr.
Vivian Fonseca of Tulane University tackles the complex pathophysiology
of diabetic ED and reviews treatment outcomes in this difficult patient
group. Dr. Raymond Rosen, author of a widely used research instrument,
the International Index of Erectile Function, specifically looks at the
epidemiology of depression and ED, and reviews the mechanisms of anti-
depressant-associated ED. Dr. Wayne Hellstrom of Tulane University
reviews the literature on intracavernous, transurethral therapies, and on
topical therapies.  Dr. Hellstrom further provides a strategy for using com-
binations of drugs in refractory patients. Drs. Alvaro Morales, Jeremy
Heaton, and Michael Adams of Queens University, Ontario, Canada



together review the impact of androgen deficiencies, the neural regulation
of erection,  and neuropharmacological therapies for ED.  I have asked Dr.
Ronald Lewis, of the Division of Urology at the Medical College of
Georgia to write the only chapter on vacuum erection devices and surgical
implants; despite the abundance of drugs for ED, every clinician should be
familiar with these options and outcomes.  Every day in my practice I am
confronted by patients who self-medicate with dietary supplements; every
clinician will appreciate Dr. Mark Moyad’s review of this topic and for
addressing lifestyle changes in the management of male sexual health.  No
one in the United States can match the clinical experience of my Australian
colleague Dr. Chris McMahon; he reviews the topic of rapid ejaculation
and the emerging pharmaceutical therapies for its management. Dr.
Andrew McCullough of New York University reviews the literature on
prostatectomy; he shares his prospective series on these patients giving us
an idea of the pathophysiology, natural rates of recovery, and medical
management of post-prostatectomy ED.  The last chapter is written by Dr.
Ridwan Shabsigh of Columbia University.  Female sexual dysfunction
(FSD) is emerging as a new subspecialty. I have challenged Dr. Shabsigh
to share what is currently known about the types of FSD and its epidemi-
ology, pathophysiology, and current treatments.

I am indebted to all the authors for the year they have spent compiling
these reviews and I know the readers will learn much from their various
treatment strategies for male sexual dysfunction.

Gregory A. Broderick, MD

Preface vii
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From: Oral Drug Therapy of Sexual Dysfunction
Edited by: G. Broderick © Humana Press Inc., Totowa, NJ

1

INTRODUCTION

Erectile dysfunction affects a significant proportion of the male popula-
tion, making it a common urological disorder. It is defined as the inability
to obtain or maintain an erection that is sufficient for satisfactory sexual
intercourse. Many factors contribute to erectile physiology and pathophysi-
ology. Much of the current understanding of erectile physiology was
acquired in the 1980s and 1990s. In addition to the role of smooth muscle
in regulating arterial and venous flow, the three-dimensional structure of
the tunica albuginea and its role in venous occlusion have been elucidated.
Pivotal research identified the importance of nitric oxide (NO), which is the
major neurotransmitter for penile tumescence, and its counterpart, the phos-
phodiesterases (PDEs), which return the penis to a flaccid state. Subsequent
studies have shown an important distinction between neurogenic- and
endothelial-generated NO, in that the latter essentially helps in maintaining
penile erection. Moreover, the role of endothelium in regulating smooth
muscle tone and the intercellular link by means of gap junctions have also
been uncovered. More recently, research has shown that changes to the
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downstream signaling pathways (RhoA/Rho-kinase pathway) may be of
physiological importance in regulating cavernosal smooth muscle tone. In
the pathophysiology of erectile dysfunction, the changes in the smooth
muscle, endothelium, and fibroelastic framework with hypertension, diabe-
tes, atherosclerosis, and aging have also been identified. The anatomy and
physiology of erectile function are discussed in detail in this chapter (1).

ANATOMY OF THE PENIS

The penis is composed of three cylindrical structures: the paired cor-
pora cavernosa and the corpus spongiosum. The urethra traverses the
corpus spongiosum. A cross-section of the midpenis depicts the relation-
ship between the various anatomical elements (Fig. 1) (2).

The flaccid length of the penis is controlled by the contractile state of the
erectile smooth muscle and varies considerably. Studies have shown that
neither age nor the size of the flaccid penis accurately predicts erectile
length and that 15% of men have a downward curve during erection (3,4).
Regarding penile morphology and erection, a study shows that during
erection, the penile buckling forces are dependent not only on intra-
cavernosal pressures but also on penile geometry and erectile tissue prop-
erties. Therefore, patients can have inadequate penile rigidity despite
having normal penile hemodynamics (5–7).

Tunica Albuginea
The tunica affords great flexibility, rigidity, and tissue strength to the

penis (8). The tunical covering of the corpora cavernosa is a bilayered
structure with multiple sublayers and is predominantly collagenous. The
inner circular layer contains the corpora cavernosa. Radiating from this
inner layer are intracavernosal pillars acting as struts, providing essential
support to the erectile tissue. Outer-layer bundles are oriented longitudi-
nally, extending from the glans penis to the proximal crura. The corpus
spongiosum lacks an outer layer or intracorporeal struts, ensuring a low-
pressure structure during erection (Fig. 2) (1,2,9).

The tunica is composed of elastic fibers that form an irregular, latticed
network on which the collagen fibers rest. The detailed histological com-
position of the tunica is dynamic, changing with specific anatomical loca-
tions. Emissary veins run between the inner and the outer layers for a short
distance, often piercing the outer bundles in an oblique manner. The cav-
ernous artery and the communicating arteries between the cavernous and
the dorsal artery (both from the common penile artery) take a more direct
route and are surrounded by a periarterial soft tissue sheath. The latter
structure helps protect the arteries from occlusion by the tunica albuginea
during penile tumescence (10).
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The outer tunical layer appears to play an additional role in compression
of the emissary veins during erection. This important layer essentially
determines tunical thickness and strength (8). Studies have shown that the
tunica is thickest at the 11- and 1-o’clock positions and thinnest at the 5-
and 7-o’clock positions. This results in different corresponding measured
stresses on the tunica.

The strength and thickness of the tunica correlate in a statistically sig-
nificant fashion with location. Predictably, the most vulnerable area is

Fig. 2. (A) Schematic displaying a cross-section of the penis with intracavern-
ous pillars supporting the erectile tissue and the inner circular and outer longi-
tudinal layers of the tunica albuginea. (B) Transverse section of the penis from
a human male specimen at 36 wk of gestation, stained with hematoxylin and
eosin. (Courtesy of Dr. Antonio E. P. de Souza, Jr., and Laurence S. Baskin,
University of California at San Francisco, Children’s Medical Center.) (C) Zoom
of the center area of the gross picture emphasizing the difference in the thickness
of the tunica albuginea around the corpora cavernosa and corpus spongiousum.
TA, tunica albuginea; CC, corpora cavernosa.
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located on the ventral groove (between the 5- and the 7-o’clock positions),
which lacks the longitudinally directed outer-layer bundles discussed ear-
lier. This fact is important because most of the prosthetic extrusions occur
here (8,10).

Corpora Cavernosa, Corpus Spongiosum, and Glans Penis
As stated earlier, the corpora cavernosa comprise two spongy, paired

cylinders contained in the thick envelope of the tunica albuginea. Their
proximal ends—the crura—originate at the undersurface of the puboischial
rami as two separate structures but merge under the pubic arch and remain
attached up to the glans. The septum between the two corpora cavernosa
are typically incomplete but may be functionally complete in some con-
genital anomalies, such as in epispadias.

The corpora cavernosa are supported by a fibrous skeleton that includes
the tunica albuginea, the septum, the intracavernous pillars, the intracav-
ernous fibrous framework, and the periarterial and perineural fibrous sheath
(8,11). Some studies have hypothesized that the intracavernous framework
adds significant strength to the tunica albuginea (12). Within the tunica are
the interconnected sinusoids, which are separated by smooth muscle tra-
beculae surrounded by elastic fibers, collagen, and loose areolar tissue.
The terminal cavernous nerves and helicine arteries are intimately associ-
ated with the smooth muscle. Each corpus cavernosum is a conglomeration
of sinusoids, larger in the center and smaller in the periphery. In the flaccid
state, the blood slowly diffuses from the central to the peripheral sinusoids,
and the blood gas levels are similar to those of venous blood. During
erection, the rapid entry of arterial blood to both the central and the periph-
eral sinusoids changes the intracavernous blood gas levels to those of
arterial blood. The structure of the corpus spongiosum and the glans is
similar to that of the corpora cavernosa, except that the sinusoids are larger.
Moreover, as previously discussed, the tunica is thinner in the corporus
spongiosum and absent in the glans.

Arterial Supply

The main source of blood supply to the penis typically arises from the
internal pudendal artery, which travels through Alcock canal, becomes
the common penile artery, and then gives its branches to supply the penis
(Fig. 3).

In addition to this rich vascular supply, accessory arteries can exist.
These can arise from the external iliac, obturator, vesical, or femoral arter-
ies. Clinically, this becomes important because the accessory blood supply
may become the dominant or only arterial supply to the corpus cavernosum
(13). Damage to these accessory arteries during radical prostatectomy or
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cystectomy may result in vasculogenic erectile dysfunction (ED) after
surgery (14,15). The three terminal branches of the penile artery are the
dorsal, the bulbourethral, and the cavernous arteries. The bulbourethral
artery enters proximally to supply the urethra, corpus spongiosum, and
glans. The cavernosal artery pierces the corporal body in the penile hilum
and subsequently gives off straight and helicine arteries that supply the
cavernous sinuses. These helicine arteries are contracted and tortuous in
the flaccid state and become dilated and straight during erection (16).
The dorsal artery courses the dorsal surface of the corpora cavernosa in
between the dorsal nerve and vein, and as it travels to the glans it branches
to the cavernosum, spongiosum, and urethra. Distally, these three arterial
branches join to form a vascular ring near the glans.

Venous Drainage
The venous drainage from the three corpora originates in tiny venules

leading from the peripheral sinusoids immediately beneath the tunica
albuginea. These venules travel in the trabeculae between the tunica and
the peripheral sinusoids to form the subtunical venular plexus before
exiting as the emissary veins. Once outside the tunica albuginea, the
venous drainage follows one of three patterns:
1. The skin and subcutaneous tissue: Multiple superficial veins run subcu-

taneously and unite near the root of the penis to form a single (or paired)
superficial dorsal vein, which in turn drains into the saphenous veins.

2. The pendulous penis: The emissary veins from the corpus cavernosum
and spongiosum drain dorsally to the deep dorsal vein, laterally to the
circumflex vein, and ventrally to the periurethral vein. Beginning at the
coronal sulcus, the prominent deep dorsal vein is the main venous drain-
age of the glans penis, corpus spongiosum, and distal two-thirds of the
corpora cavernosa. This venous pathway runs upward behind the sym-
physis pubis to join the periprostatic venous plexus.

3. The infrapubic penis: Emissary veins draining the proximal corpora
cavernosa join to form cavernous and crural veins. These veins join the
periurethral veins from the urethral bulb to form the internal pudendal
veins.

Fig. 3. (opposite page) (A) Schematic showing the longitudinal view of the penile
arterial supply. (B) Transverse section of the penis from a human male specimen at
36 wk of gestation, stained with hematoxylin and eosin. (Courtesy of Dr. Antonio
E. P. de Souza, Jr., and Laurence S. Baskin, University of California at San Fran-
cisco, Children’s Medical Center.) (C) Magnfication of the penile dorsal area show-
ing the various neurovascular structures. DA, dorsal artery; DV, dorsal vein, NB,
nerve bundle.
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The veins of the three systems communicate variably with each other.
Variations in the number, distribution, and termination of the venous sys-
tems are common (1,17).

Nerve Supply of the Penis

The penis is innervated by both the autonomic and somatic nervous
systems. Somatic innervation is derived from the S2 to S4 sacral nerve
roots and travels via the pudendal nerve. These paired nerves supply the
pelvis, perineum, and penis. They terminate as the dorsal nerve of the penis.

The somatosensory pathway originates at the sensory receptors in the
penile skin, glans, and urethra and within the corpus cavernosum. The
nerve fibers from the receptors converge to form bundles of the dorsal
nerve of the penis, which joins other nerves to become the pudendal nerve.
The latter enters the spinal cord via the S2 to S4 roots to terminate on spinal
neurons and interneurons in the central gray region of the lumbosacral
segment (18). Activation of these sensory neurons sends messages of pain,
temperature, and touch by means of spinothalamic and spinoreticular path-
ways to the thalamus and sensory cortex for sensory perception. The dorsal
nerve of the penis was previously regarded as a purely somatic nerve;
however, nerve bundles testing positive for nitric oxide synthase (NOS),
which is autonomic in origin, have been demonstrated (19,20). Thus, the
dorsal nerve is a mixed nerve with both somatic and autonomic compo-
nents, which enable it to regulate both erectile and ejaculatory function.

Onuf’s nucleus in the S2 to S4 spinal segments is the center of soma-
tomotor penile innervation. These nerves travel in the sacral nerves to the
pudendal nerve to innervate the ischiocavernosus and bulbocavernosus
muscles. Contraction of the ischiocavernosus muscles produces the rigid-
erection phase. Rhythmic contraction of the bulbocavernosus muscle is
necessary for ejaculation.

Studies in animals have identified the medial preoptic area (MPOA)
and the paraventricular nucleus of the hypothalamus and hippocampus as
important integration centers for sexual function and penile erection (21).
Electrostimulation of this area induces erection, and lesions at this site
limit copulation. Efferent pathways from the MPOA enter the medial
forebrain bundle and the midbrain tegmental region (near the substantia
nigra). Pathological processes in these regions, such as Parkinson’s dis-
ease or cerebrovascular accidents, are often associated with ED.

In the autonomic nervous system, the preganglionic parasympathetic
fibers also arise from S2 to S4, then travel to the pelvic plexis (joined with
the hypogastric nerves), where they become pelvic nerves and subse-
quently form three to six trunks that lie deep to the parietal pelvic fascia
and cover the piriformis muscle. The sympathetic nerves arise from the
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segments T10–L2. They synapse at the sympathetic chain ganglia and
then pass along the lumbar splanchnic nerves, superior hypogastric plexus,
and finally caudally to the pelvic plexus. Here they intermingle with the
parasympathetic fibers. The pelvic plexis innervates the prostate, seminal
vesicles, bladder, and rectum. Caudally, fibers from the plexus give rise
to the cavernous nerves, which traverse the posterolateral aspect of the
prostate to finally supply the corpora cavernosa, corpus spongiosum, and
penile urethra (2,17,22,23). Finally, the interactions of the autonomic
nervous system, coupled with the mediating transmitters, play an integral
role in the contraction and relaxation physiology of the cavernous smooth
muscle cell (Fig. 4).

Fig. 4. The molecular mechanism of penile smooth muscle contraction. Nore-
pinephrine from sympathetic nerve endings and endothelins and prostaglandin
F2 from the endothelium activate receptors on smooth muscle cells to initiate
the cascade of reactions that eventually result in elevation of intracellular cal-
cium concentrations and smooth muscle contraction. Protein kinase C is a regu-
latory component of the Ca2+-independent, sustained phase of agonist-induced
contractile responses. (From ref. 72. Copyright © 2000 Massachusetts Medical
Society. All rights reserved.)

Figure not available in electronic version of this product
because the copyright owner has either withheld
permission or permission could not be obtained.
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Stimulation of the parasympathetic nerves induces penile tumescence,
and stimulation of the sympathetic fibers results in detumescence. More-
over, studies have shown that even with pathological processes that knock
off the reflex erectile response (sacral parasympathetic centers), erection
can be obtained with stimulation of the MPOA or thoracolumbar sympa-
thetic pathways (24,25). Because the number of synapses between the
thoracolumbar outflow and the postganglionic parasympathetic and soma-
tic neurons is less than the sacral outflow, the resulting erection will not be
as strong. Hence, many patients with sacral spinal cord injury retain psy-
chogenic erectile ability even though reflexogenic erection is abolished.
These cerebrally elicited erections are found more frequently in patients
with lower motor neuron lesions below T12 (26). No psychogenic erection
occurs in patients with lesions above T9 (27).

In general, there are three types of erections: psychogenic, reflexogenic,
and nocturnal. Psychogenic erection is a result of audiovisual stimuli or
fantasy. Impulses from the brain modulate the spinal erection centers (T11–
L2 and S2–S4) to activate the erectile process. Reflexogenic erection is
produced by tactile stimulation of the genital organs. The impulses reach
the spinal erection centers; some then follow the ascending tract, resulting
in sensory perception, whereas others activate the autonomic nuclei to
send messages through the cavernous nerves to the penis to induce erec-
tion. This type of erection is preserved in patients with upper spinal cord
injury. Nocturnal erection occurs mostly during rapid-eye-movement
(REM) sleep. Positron emission tomographic scanning of humans in REM
sleep shows increased activity in the pontine area, the amygdalae, and the
anterior cingulate gyrus, but decreased activity in the prefrontal and pari-
etal cortices. The mechanism that triggers REM sleep is located in the
pontine reticular formation. During REM sleep, the cholinergic neurons in
the lateral pontine tegmentum are activated, whereas the adrenergic neu-
rons in the locus caeruleus and the serotonergic neurons in the midbrain
raphe are silent. This differential activation may be responsible for the
nocturnal erections during REM sleep.

PHYSIOLOGY OF NORMAL
ERECTION AND DETUMESCENCE

Penile tumescence results from an interplay of neurogenic, vascular,
psychogenic, and hormonal factors (16,28–31). The penile erectile tissue,
specifically the cavernous smooth musculature and the smooth muscles of
the arteriolar and arterial walls, plays a key role in the erectile process. The
phases of penile erection are as follows:
1. Flaccid phase—minimal arterial inflow and venous outflow.
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2. Latent phase—stimulation causes initial increase in arterial flow second-
ary to increased parasympathetic tone.

3. Tumescence phase—penile elongation and expansion. Incoming blood is
trapped in the expanding sinusoids because of the compression of the
subtunical venular plexus (between the tunica albuginea and peripheral
sinusoids).

4. Full erection phase—complete penile expansion, arterial inflow decreas-
ing, venous outflow minimal.

5. Rigid erection phase—ischiocavernosus muscle contraction with further
increase in intracavernosal pressure.

6. Detumescence phase—increased venous outflow and decreased arterial
inflow (32,33).

Without any stimulation, the penis remains in a flaccid state, where the
cavernosal smooth muscles are tonically contracted, allowing only a small
amount of arterial inflow for nutritional purposes.

During an erection, the smooth muscle cells of the corpora cavernosa
relax and the arterial flow increases; however, the pressure in the corpus
spongiosum and glans is only one-third to one-half that in the corpora
cavernosa because the tunical covering (thin over the corpus spongiosum
and virtually absent over the glans) ensures minimal venous occlusion.
During the full-erection phase, partial compression of the deep dorsal and
circumflex veins between Buck’s fascia and the engorged corpora
cavernosa contribute to glanular tumescence, although the spongiosum
and glans essentially function as a large arteriovenous shunt during this
phase. In the rigid-erection phase, the ischiocavernosus and bulbocaverno-
sus muscles forcefully compress the spongiosum and penile veins, which
results in further engorgement and increased pressure in the glans and
spongiosum. Ejaculation is facilitated by rhythmic contractions of the
bulbocavernosus muscles. Finally, withdrawal of the sexual stimulation
results in return of baseline tone and degradation of cyclic guanosine
monophosphate (GMP) by PDEs within the trabecular smooth muscle.

NEUROTRANSMITTERS

The sympathetic nervous system with its adrenergic impulses plays an
active role during the state of penile detumescence. -adrenergic nerve
fibers and receptors have been demonstrated in the cavernous trabeculae
and surrounding the cavernous arteries, and norepinephrine has generally
been accepted as the principal neurotransmitter in the control of penile
flaccidity and detumescence (34,35). -Adrenoceptors outnumber -
adrenoceptors 10 to 1 (36); it is suggested that sympathetic contraction is
mediated by activation of postsynaptic 1a-, 1b-, and 1c-adrenergic recep-
tors (37,38) and modulated by presynaptic 2-adrenergic receptors (39).
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Endothelin, a potent vasoconstrictor produced by the endothelial cells,
has also been suggested to be a neurotransmitter for detumescence (40,41).
In addition, other vasoconstrictors, such as thromboxane A2, prostaglandin
F2 , leukotrienes, and angiotensin II, have been proposed (42–44).

In summary, the maintenance of the intracorporeal smooth muscle in a
semicontracted (flaccid) state probably results from three factors: intrinsic
myogenic activity, adrenergic neurotransmission, and endothelium-
derived contracting factors, such as prostaglandin F2 and endothelins (45).

On the other hand, detumescence after erection may be a result of ces-
sation of NO release, the breakdown of second messengers by PDEs, or
sympathetic discharge during ejaculation.

Acetylcholine has been shown to be released with electrical field stimu-
lation of human erectile tissue (46). Although acetylcholine is not the
predominant neurotransmitter, it does contribute indirectly to penile erec-
tion by the presynaptic inhibition of adrenergic neurons and stimulation of
the release of NO from endothelial cells (47).

Most researchers still agree that NO released from nonadrenergic/
noncholinergic (NANC) neurotransmission and from the endothelium is
the principal neurotransmitter mediating penile erection. NO increases the
production of cGMP, which in turn relaxes the cavernous smooth muscle
(48–57).

NO was first described in 1979 as a potent relaxant of peripheral vascu-
lar smooth muscle, with an action mediated by cGMP (58). Subsequently,
endothelium-derived relaxing factor was identified as NO or a chemically
unstable nitroso precursor (59,60). NO is synthesized from endogenous
L-arginine by NOS, which can be inhibited by N-substituted analogues of
L-arginine. NO is inactivated by hemoglobin.

In the penis, the NO that is released from nerve endings or endothelial
cells diffuses into smooth muscle cells, where it activates soluble guanylyl
cyclase, producing cGMP. The exact mechanism by which intracellular
cGMP promotes smooth muscle relaxation has not been defined. The most
likely mechanism is the activation of cGMP-specific protein kinase, result-
ing in the phosphorylation and inactivation of myosin light-chain kinase,
thereby causing dissociation of myosin and actin and smooth muscle relax-
ation (61). Both cGMP and cGMP-specific protein kinase may also acti-
vate potassium channels, causing hyperpolarization and closure of
voltage-dependent calcium channels and a decrease in the level of intrac-
ellular calcium. Independent of cGMP, a study also demonstrated that NO
may stimulate the opening of Na-K-ATPase and thus cause hyper-polar-
ization (62). A considerable number of studies suggest that cGMP is a more
potent relaxant of smooth muscle than cyclic adenosine monophosphate
(cAMP). The increased levels of cGMP in response to neurotransmitters



Chapter 1 / Erectile Dysfunction Physiology 13

are caused by activation of soluble or particulate forms of guanylyl cyclase
in the cell. A study of cGMP-dependent protein kinase I-deficient mice
clearly shows that cGMP/cGMP–protein kinase I is the main physiological
signaling pathway for penile erection and cannot be substituted by the
cAMP-signaling pathway (63).

Other investigators believe that vasoactive intestinal polypeptide (VIP)
may be one of the neurotransmitters responsible for erection. VIP-induced
relaxation is reportedly inhibited by the NO synthesis blocker N- -nitro-
L-arginine, which has led some researchers to suggest that NO generation
is involved in VIP-stimulated smooth muscle relaxation (64).

In a colocalization study, acetylcholine, VIP, and neuronal NOS appear
to be colocalized in parasympathetic neurons (65). Thus, they may act
synergistically to induce erection through inhibition of 1 activity by ace-
tylcholine and release of NO by VIP (66).

Acetylcholine, by acting on the presynaptic receptors on adrenergic
neurons, has been shown to modulate the release of norepinephrine (39).
The release of norepinephrine can also be inhibited by prostaglandin E1(67).
Conversely, adrenergic neurons, through prejunctional 2 receptors, can
also regulate the release of NO.

A number of factors have been reported to increase both NOS activity
and NO release. These include molecular oxygen, androgen, chronic
administration of L-arginine, and repeated intracavernous injection of
prostaglandin E1 (68–70). Conversely, decreased NOS activity has been
associated with castration, denervation, hypercholesterolemia, and dia-
betes mellitus.

For adequate penile tumescence, sinusoidal relaxation, arterial dilata-
tion, and venous compression are required (1,16). The importance of
smooth muscle relaxation has been demonstrated in animal and human
studies (47,51,54,71). There are a variety of relaxant factors, some of
which were already discussed, involved in smooth muscle relaxation, and
the balance between these and the contractant factors is what predicts the
functional state of the penis (Table 1).

As stated earlier, the relaxation of the corpora cavernosa is mediated by
increasing levels of either cGMP or cAMP. These important second mes-
sengers activate corresponding protein kinases and result in the phospho-
rylation of certain proteins and ion channels. This event then leads to the
opening of the potassium channels (hyperpolarization), sequestration of
intracellular calcium by the endoplasmic reticulum, and inhibition of volt-
age-dependant calcium channels (which block calcium influx). Myosin is
subsequently dephosporylated and detaches from the actin filament, and
the muscle relaxes. In smooth muscle contraction, the flux in free Ca2+

increases in the cytosole. This calcium will bind to calmodulin and activate
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it. The latter catalyzes the phosphorylation of myosin light chains and
subsequently triggers the development of force. The intricate molecular
mechanisms involved in penile smooth muscle contraction and relaxation
are summarized in detail in Figs. 4 and 5 (1,16,45,51,54,72–77).

Recently, attention has been brought to studying the effects of the
RhoA/Rho-kinase signaling pathway and its role in penile smooth muscle
physiology. This is a calcium-sensitizing pathway that is activated
through agonist activation of heterotrimeric G protein-coupled recep-
tors, activation of RhoA through the exchange of guanosine triphosphate
for guanosine diphosphate , and dissociation from a guanine nucleotide
dissociation inhibitor. This activated RhoA then activates Rho-kinase, which
inhibits myosin light-chain phosphatase. This results in a net increase in
myosin phosphorylation and the promotion of cellular contraction (Fig. 6)
(74,78,79).

Studies are now showing that antagonism of Rho-kinase may stimulate
penile tumescence and hence provide an alternative approach to the man-
agement of erectile dysfunction (80,81).

PDE
During the return to the flaccid state, cGMP is hydrolyzed to GMP by

the highly specific cGMP-binding PDE type 5 (PDE5). The PDE super-

Table 1
Factors Involved in Mediating Relaxation

and Contraction of Penile Smooth Muscle a

Contraction Noradrenalineb

Endothelin-1b

Neuropeptide Y
Prostanoids
Angiotensin II

Relaxation Acetylcholineb

Nitric oxideb

Vasoactive intestinal polypeptide
Pituitary adenylyl cyclase-activation peptide
Calcitonin gene-related peptide
Adrenomedullin
Adenosine triphosphate and adenosine
Prostanoids

a This list shows the various factors involved in mediating the degree of relaxation and
contraction of the smooth muscle in the penis.

b These factors have major implications in modulating penile erectile tissues.
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Fig. 5. The molecular mechanism of penile smooth muscle relaxation. The intra-
cellular second messengers mediating smooth muscle relaxation, cyclic adenos-
ine monophosphate and cyclic guanine monophosphate (cGMP), activate their
specific kinases, which phosphorylate certain proteins to cause opening of potas-
sium channels, closing of calcium channels, and sequestration of intracellular
calcium by the endoplasmic reticulum. The resultant fall in intracellular calcium
level leads to smooth muscle relaxation. Sildenafil inhibits the action of phos-
phodiesterase (PDE) type 5 and thus increases the intracellular concentration of
cGMP. Papaverine is a nonspecific PDE inhibitor. ATP, adenosine triphosphate;
eNOS, endothelial nitric oxide synthase; GTP, guanosine triphosphate. (From ref.
72. Copyright © 2000 Massachusetts Medical Society. All rights reserved.)

Figure not available in electronic version of
this product because the copyright owner has
either withheld permission or permission could
not be obtained.
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family comprises 11 families of proteins that are encoded by at least 17
genes (82–84). The N-terminal portion contains regulatory domains that 2-,
3, and -4 are also found in the corpus cavernosum, they do not appear to
play a significant role in physiological erections when compared with
PDE5 (85). The significance and the possible interactions of the PDEs in
the penis have yet to be determined, however.

In addition to corpus cavernosum, where three isoforms of PDE5 have
been cloned, many other tissues have been reported to express PDE5, includ-
ing platelet, lungs, cerebellum, spinal cord, skeletal muscle, heart, placenta,
pancreas, intestine, aorta, and adrenal gland (73,86). Although one might
expect the PDE5 inhibitor sildenafil to have wide-ranging side effects, in
clinical trials these have appeared to be limited to the retina (from inhibition
of PDE6) and the cardiovascular and gastrointestinal systems (e.g., blurred
vision, headache, facial flushing, and indigestion) (87).

Central Neurotransmitters and Neural Hormones
A variety of central neurotransmitters (dopamine, norepinephrine, 5-

hydroxytryptamine [5-HT], and oxytocin) and neural hormones (oxytocin,

Fig. 6. Simplified flow chart displaying the RhoA/Rho-kinase signaling pathway
cascade. Dotted line shows inhibited pathway. ET-1, endothelin-1; MLC, myosin
light chain; NA, noradrenaline.
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prolactin) have been implicated in the regulation of sexual function. It is
suggested that dopaminergic and adrenergic receptors may promote sexual
function and that 5-HT receptors inhibit it (88). Moreover, other sub-
stances and hormones, such as endorphins, oxytocin, vasopressin, adreno-
corticotropic hormone, and prolactin, also likely participate in the
coordinated process of penile tumescence.

DOPAMINE

There are many dopaminergic systems in the brain with ultrashort,
intermediate, and long axons. The cell bodies are located in the ventral
tegmentum, substantia nigra, and hypothalamus, one of which—the tuber-
oinfundibular system—secretes the dopamine into the portal hypophysial
vessels to inhibit prolactin secretion. The autonomic and somatic nuclei of
the lumbosacral spinal cord are innervated by dopaminergic neurons trav-
eling from the caudal hypothalamus; thus, they potentially participate in
the regulation of spinal penile reflexes. There are two main types of recep-
tors associated with erectile function: D1 and D2. D1 receptors predomi-
nate in the MPOA (erectile responses), and D2 receptors predominate in
the paraventricular nucleus (erections). In men, apomorphine, which
stimulates both D1 and D2 receptors, induces penile erection that is unac-
companied by sexual arousal (89). The erectile response induced by injec-
tion of apomorphine into the paraventricular area can be blocked by both
dopamine receptor blockers and blockers of oxytocin receptors (90).
Moreover, NO might be involved as well, because apomorphine given
subcutaneously can increase the levels of NOS and NO production in the
paraventricular nucleus. Injection of oxytocin into the paraventricular area
also induces erection, but this cannot be blocked by dopamine receptor
blockers. These findings suggest that dopaminergic neurons activate
oxytocinergic neurons in the paraventricular area and that the release of
oxytocin produces erection (91). Expectantly, dopamine agonists (apo-
morphine and pergolide) and dopamine uptake inhibitors (nomifensine
and bupropion) have been reported to enhance sexual drive in patients (92).

SEROTONIN

5-HT-containing neurons have their cell bodies in the midline raphe
nuclei of the brainstem and project to a portion of the hypothalamus, the
limbic system, the neocortex, and the spinal cord (93). Currently, 5-HT
receptors 1–7 have been cloned and characterized. General pharmacologi-
cal data indicate that 5-HT pathways inhibit copulation but may be facili-
tatory depending on the action of the amine at different 5-HT receptors in
the central nervous system. Studies have summarized the results of the
administration of selective agonists and antagonists as follows: 5-HT-1A
receptor agonists inhibit erectile activity but facilitate ejaculation; stimu-
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lation of 5-HT-2C and 5-HT-1C receptors causes erection; 5-HT-2 ago-
nists inhibit erection but facilitate seminal emission and ejaculation (45).

5-HT is believed to be an inhibitory transmitter in the control of sexual
drive (94). Suppressed libido in patients taking fenfluramine, a 5-HT-
releasing agent, and elevated libido in patients taking buspirone, a 5-HT
neuron suppressor, have been reported (95). Clinically, trazodone (which
selectively inhibits central 5-HT uptake) has been reported to enhance
nocturnal penile erection and cause priapism in men (96). Its strong seda-
tive effect limits its clinical usefulness, however.

NOREPINEPHRINE

Central norepinephrine transmission seems to have a positive effect on
sexual function. Animal studies have shown that activation of 1-adreno-
ceptors facilitates copulation whereas activation of 2-adrenoceptors
inhibits copulation. Clinically in humans, inhibition of norepinephrine
release by clonidine ( 2-adrenergic agonist) is associated with a decrease
in sexual behavior, and yohimbine ( 2-receptor antagonist) has been shown
to increase sexual activity (97).

OPIOID

Endogenous opioids are known to affect sexual function, but the mecha-
nism of action is far from clear. Injection of small amounts of morphine
into the MPOA facilitates sexual behavior in rats. Larger doses, however,
inhibit both penile erection and yawning induced by oxytocin or apomor-
phine. It is suggested that endogenous opioids may exert inhibitory control
over central oxytocinergic transmission (98).

OXYTOCIN

Oxytocin is a hormone secreted by the neurons directly into the circu-
lation in the posterior pituitary. Besides the posterior pituitary gland,
oxytocin-secreting neurons are also found in the neurons projecting from
the paraventricular nuclei to the brainstem and spinal cord; thus, oxyto-
cin can also function as a neurotransmitter. The blood level of oxytocin
is increased during sexual activity in humans and animals. It is a potent
inducer of penile tumescence when injected into the lateral cerebral
ventricle, the paraventricular nucleus, or the hippocampus in laboratory
animals. Because neurons in the paraventricular area have been shown to
contain NOS, and NOS inhibitors prevent apomorphine- and oxytocin-
induced erection, it is suggested that oxytocin acts on neurons whose
activity is dependent on certain levels of NO (99,100).

PROLACTIN

Increased levels of prolactin suppress sexual function in men and experi-
mental animals. In rats, high levels of prolactin decrease the genital reflex
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and disturb copulatory behavior. It is suggested that the mechanism of
prolactin’s action is through inhibition of dopaminergic activity in the MPOA
and decreased testosterone level. In addition, prolactin may have a direct
effect on the penis through its contractile effect on the cavernous smooth
muscle (101).

ADRENOCORTICOTROPIC HORMONE AND RELATED PEPTIDES

Propiomelanocortin gives rise to several peptides, including adrenocor-
ticotropic hormone and -melanocyte-stimulating ( -MSH) hormone,
which are involved in erectile responses. There are five cloned subtypes of
melanocortin receptors, which interact differently with -MSH/adreno-
corticotropic hormone peptides. The MC3 receptor shows a high density
in the hypothalamus and limbic systems, areas that are important for erec-
tile function. In humans, melanotan (a nonspecific -MSH analogue) has
been reported to initiate erections in men with psychogenic erectile dys-
function (31).

As seen in this chapter, many factors contribute to erectile physiology.
There have been significant contributions from both anatomical and physi-
ological areas, which enable us to further comprehend the mechanisms
involved in penile tumescence and detumescence. This kind of dedication
to research will eventually enable us to understand fully the physiology of
penile erections and to optimize our treatment approaches to the various
pathological states affecting it.
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INTRODUCTION

Erectile dysfunction (ED) is a pervasive problem among men world-
wide. The National Institutes of Health Consensus Conference defined ED
as the “consistent inability to attain or maintain a penile erection, or both,
sufficient for adequate sexual relations” (1).

This definition better encompasses the full spectrum of activity that is
affected by ED, as opposed to definitions considering only vaginal pen-
etration. Furthermore, it was believed that the term ED was less pejorative
than the older term impotence. The negative impact of ED on a man is
tremendous, including diminishment in self-esteem and sense of well-
being, and negative affects on relationships with not only partners, but also
acquaintances (2).

Recent data from a longitudinal analysis of the Massachusetts Male
Aging Study (MMAS) estimated that up to 600,000 new cases of ED occur
annually in the United States (3). This is in addition to a prevalence esti-
mated to be 10 to 20 million American men (4,5). The National Health and
Social Life Survey (NHSLS) found that 31% of men have sexual dysfunc-
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tion, which they defined broadly in seven different categories, of which ED
was one (6). Furthermore, this study reinforced the notion that sexual
function strongly affects a man’s global sense of well-being and that sexual
dysfunction should be a significant public health concern.

The most recent data suggest that ED increases markedly by decade. A
telephone survey of 820 men was conducted who were classified as having
ED and admitted that they were sometimes or never able to get or keep an
erection satisfactory for sexual intercourse (7). Based on these criteria, the
prevalence of ED increases from 8% during the 40s to 19% in the 50s to
39% in men older than 60 yr of age.

This study found ED to be associated with diabetes but not ischemic
heart disease, elevated cholesterol, or hypertension.

In the past, studies of male sexual health were poorly constructed and
anecdotal, and assessed poorly defined patient populations. Recently, with
the publication of data from the MMAS, the NHSLS, the Multinational
Survey of the Aging Male in seven countries, and a number of international
surveys, robust data now exist defining the epidemiology of ED (3,6,8–14).

EPIDEMIOLOGY OF ED

Kinsey
No chapter pertaining to the epidemiology of male sexual dysfunction

would be complete without reference to the classic and ground-breaking
work by Kinsey et al. They reported the results of their pioneering study
of male sexual function and dysfunction in 1948. Their work clearly docu-
mented an increase in ED with age (15). They surveyed 12,000 men and
found that the prevalence of ED increased dramatically with age. Men
younger than 19 yr of age had a less than 1% risk of ED, compared with less
than 3% for men younger than 45 yr of age, 7% in men less than 55 yr of
age, and 25% in men age 75 or older. Reanalysis of these data suggested
that the original report had underestimated the true prevalence of ED. This
reanalysis suggested that as many as 42% of a subset of 5000 of the men
reported some erectile difficulty (16).

Massachusetts Male Aging Study

The MMAS was a community-based survey of 1290 men 40 to 70 yr of
age from the Boston area that specifically examined, among other items, the
prevalence and effects of aging on ED in a cohort of healthy men (8). This
study also examined the impact of medical comorbidities on ED. Care was
taken to exclude men with significant medical problems and to represent
minority populations appropriately in the sample. The survey was com-
posed of 23 questions, nine specifically inquiring about erectile function.
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The study found that 52% of the population complained of some degree
of ED. The breakdown was mild ED in 17% of men, moderate ED in 25%
of men, and severe ED in 10% of men overall. Forty percent of men in their
40s experienced ED, whereas 67% of men experienced ED by 75 yr of age.
Complete ED was found in 5% of men by 40 yr of age and in 25% of men
by 75 yr of age. When extrapolated to the male population in general, this
analysis estimated that 30 million American men and 100 million men
worldwide have ED.

In addition to epidemiology, this study also examined risk factors
associated with ED. Medical conditions that increased the risk of ED after
controlling for age in this study included cardiovascular disease, hyper-
tension, diabetes, depression, anger disorders, and arthritis. Medications
associated with ED included vasodilators, oral hypoglycemic agents, and
antihypertensives. Several factors were found to be protective against
ED. These included high-serum high-density lipoprotein levels, elevated
serum dehydroepiandrosterone levels, and dominant personality.

A reanalysis of 847 men 40 to 69 yr old was published more recently (3).
The reanalysis followed those men who had no measurable ED symptoms
at the beginning of the study. The patients were followed for almost 9 yr,
and a 13-question sexual function survey was completed by each of the
men. The risk of new-onset ED was 26 cases per 1000 men per year, with
the risk increasing by age, presence of heart disease or hypertension, and
educational level. Further analysis revealed that lifestyle factors also played
a role in the occurrence of ED. Obesity was strongly correlated, and physi-
cal activity inversely correlated, with ED (17). The most active men had
the lowest risk of developing ED; however, obesity at baseline was still
associated with an elevated risk of ED regardless of future weight loss.
Interestingly, tobacco and alcohol use were not found to be related to ED
risk in this study. Based on these data, Johannes et al. estimate that there
are 600,000 cases of ED in the United States annually (3).

National Health and Social Life Survey

The NHSLS was a study that used a 90-min interview to examine the
risk of having experienced sexual dysfunction within the preceding 12 mo
(6). The interview was conducted by an interviewer of identical gender to
the interviewee and was carried out on a population that was representa-
tive of the general American population. Seven questions in each of seven
areas (libido, experience of ED, orgasm, performance anxiety, premature
orgasm, pain during intercourse, and lack of enjoyment during inter-
course) were asked during this interview. A large cohort of both men
(1410) and women (1749) participated in this study, with an age range of
18 to 59 yr.
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In men, the incidence of sexual dysfunction was as follows: premature
ejaculation, 21%; ED, 5%; and decreased sexual desire, 5%. Seventy per-
cent of men were not affected by any sexual dysfunction in this survey.
Risk factors associated with ED in this study were emotional problems,
stress, worsening health status, lower urinary tract symptoms, sexual
trauma, and deteriorating economic situation.

Furthermore, ED was found to be associated with lower levels of physi-
cal and emotional satisfaction, as well as diminished global happiness. For
men, premature ejaculation was not found to be associated with negative
physical or emotional satisfaction, nor with low levels of happiness. Men
with ED, however, were 4.4, 2.4, and 2.5 times more likely to experience
low physical satisfaction level, low emotional satisfaction level, or low
general happiness level, respectively, than men without ED. A low level
of desire was associated with a 3.1- and a 2.6-fold increased risk of having
low levels of physical satisfaction and general happiness, respectively.
Women are also significantly affected by sexual dysfunction. Low levels
of desire, arousal disorder, and sexual pain were all significantly associ-
ated with low physical and emotional satisfaction levels, as well as a low
general happiness level, to even larger degrees than men in many cases.
Clearly, ED specifically, and sexual dysfunction broadly, are associated
with reductions in the quality of life.

International Data

A variety of international surveys have explored the prevalence of ED.
Surveys of men in Australia, England, Germany, the Netherlands, and
Spain have estimated the prevalence of ED to be 11 to 34% in men aged
16 to 80 yr (10–14).

The Kolner Erhebungsbogen der Erektilen (KEED)  study of men in
Cologne, Germany, used a validated questionnaire and found a dramatic
increase in ED with age (10). The investigators collected 4489 question-
naires from respondents with a mean age of 51.8 yr, 66.1% of whom were
either married or involved in a long-term relationship. The overall preva-
lence of ED was 19.2% in all men. They found a 2.3% prevalence of ED
in 30 to 39-yr-old men, 9.5% in men in their 40s, 15.7% in men in their 50s,
34.4% in men in their 60s, and 53.4% in men in their 70s. As described in
previous studies, age is the strongest risk factor for ED.

Supporting the findings of the MMAS study, the investigators found
that hypertension, diabetes, and previous pelvic surgery were strong risk
factors for ED. The reported odds ratios for concurrently having ED if one
of these was a comorbid condition were found to be 1:58 with hyperten-
sion, 3:95 with diabetes, and 6:03 with previous pelvic surgery, indicating
strong, significant relationships. This study also found a 72.2% prevalence
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of lower urinary tract symptoms (LUTS) in men with ED, compared with
37.7% in men without LUTS. The odds ratio of having ED if one had LUTS
was 2:1 compared with men without LUTS. This finding suggests a strong
relationship between the two conditions.

Alcohol and tobacco use were not associated with ED.
A major limitation of the KEED/Cologne study was that the Interna-

tional Index of Erectile Function (IIEF) was not used as the measure of ED.
This would have allowed easier comparison to many other studies of ED
that more often use the IIEF. Furthermore, the 56% response rate, although
respectable, still left open the possibility that nonresponders differed in
some significant way from responders, thus biasing the study. Overall,
given the strong agreement with other large survey trials, the data support
a link between ED and age, hypertension, diabetes, previous pelvic sur-
gery, and LUTS.

Community-based populations in Brazil, Italy, Japan, and Malaysia
were randomly sampled to assess ED based on their “ability to maintain an
erection satisfactory for sexual intercourse” (18). A total of 600 men who
were 40–70 yr old from each country were included in the analysis. Mod-
erate to complete ED was found in 34% of Japanese men, 22% of Malay-
sian men, 17% of Italian men, and 15% of Brazilian men. Prevalence rates
of moderate to severe ED increased with age as follows: 9%, 40 to 44 yr
of age; 12%, 45 to 49 yr of age; 18%, 50 to 54 yr of age; 29%, 55 to 59 yr
of age; 38%, 60 to 64 yr of age; and 54%, 65 to 70 yr of age. The risk of
ED increased by 10% per year.

Factors that increased the risk of ED were diabetes, heart disease, LUTS,
tobacco use, and depression (18). Higher educational level, high physical
activity, and moderate alcohol consumption were associated with a lower
risk of ED.

SUMMARY OF EPIDEMIOLOGICAL DATA

ED is a prevalent problem in men worldwide. The condition increases
with age and is found in more than 50% of men older than the age of
65–70 yr in most studies. A variety of medical conditions are associated
with an increased risk of ED, including diabetes, vascular disease, and
depression, as well as elevated cholesterol levels, arthritis, hypertension,
and heart disease. Diseases that impair penile blood flow or innervation
will most likely have pathophysiological links to ED, whereas diseases
that lower a man’s sense of well-being may impair libido and mood, lead-
ing to secondary reduction in erectile function.

Most surveys have found that physical activity, higher educational back-
ground, and moderate alcohol consumption are associated with a lower
risk of ED. Whether these factors modify the pathophysiological develop-
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ment of ED, exist in men with a better global mood, or are simply associ-
ated with a lower risk of comorbid conditions remains unclear.

RISK FACTORS FOR ED

Vascular Disease

Well-known causes of ED include arterial insufficiency and veno-
occlusive dysfunction (venous leak). These conditions are related to gen-
eralized vascular disease in many patients with ED. Patients with a
previous history of a myocardial infarction, hypertension, or peripheral
vascular disease all carry an increased risk of developing ED. In fact,
more than half of patients who have either experienced a myocardial
infarction (MI) or undergone cardiac bypass surgery experience ED
(19,20). A decrease in penile–brachial index (PBI) has also been shown
to be associated with future risk of MI. Patients with an abnormal PBI
were found to have a 12% incidence of MI, vs only a 1.5% incidence in
those with normal PBI in one study (21). Most men (80%) with peripheral
vascular disease suffer from ED, and 10% of men with untreated hyper-
tension also have ED (22,23).

A recently advanced hypothesis to explain this relationship centers on
endothelial dysfunction (24). Briefly, endothelial dysfunction may impair
smooth muscle relaxation by interfering with nitric oxide synthesis or
release (25). Generalized vascular disease, specifically cardiovascular
disease, is associated with ED, and the link is thought to be via endothelial
dysfunction in both cases. In fact, many studies now suggest that ED may
serve as a marker for occult cardiovascular disease (26).

Diabetes is another systemic disorder that impairs vasculature, as well
as neurological function. One-third to three-quarters of men with diabetes
will ultimately experience ED (23). By the time many diabetics are diag-
nosed, they already have ED. It is estimated that in up to 14% of men
diagnosed with diabetes, ED predates the diagnosis of their metabolic
condition. Men with insulin-dependent diabetes have a higher incidence
of ED than those with noninsulin-dependent diabetes (27). Fifty percent
of diabetics develop ED within 10 yr of diagnosis (28,29). The effects of
diabetes on erectile function occur over a relatively rapid period of time
compared with the end-organ effects of diabetes, such as retinopathy and
nephropathy. The risk of ED in diabetic men is increased significantly by
the presence of other vascular risk factors, including tobacco use, hyper-
cholesterolemia, and hypertension (30).

The metabolic syndrome is a newly described syndrome encompassing
systemic dysfunction characterized by glucose intolerance, hypertension,
hyperlipidemia, and central obesity (31). This syndrome is now recog-
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nized as a risk factor for ED (32). The previously mentioned data linking
endothelial dysfunction to ED is likely the link between the metabolic
syndrome and ED, because all of the mentioned pathological processes are
associated with endothelial damage and dysfunction (33).

LUTS

LUTS and ED are prevalent problems for the aging male. There is little
question that the two conditions are linked, at least insofar as both occur
in similarly aged populations. The age relationship between LUTS and ED
has been demonstrated in population-based surveys across decades and
cultures. These associations have also been strengthened by multivariate
analyses showing independent relationships between age and LUTS and
age and ED. Data from the Multinational Survey of the Aging Male in
seven countries found a very strong relationship between age, LUTS sever-
ity, and ED (9). This analysis found that for every decade, the percentage
of men with moderate (International Prostate Symptom Score [IPSS] 8–
19) or severe (IPSS > 19) LUTS increased, and that for each IPSS grouping
(IPSS 0, 1–7, 8–19, >19), the frequency of sexual activity declined with
age and the prevalence of ED increased.

Blanker et al. surveyed 1600 men with the IPSS and International Con-
tinence Study sex questionnaires to investigate a relationship between
age, LUTS, and ED in the same study. A multivariate logistic regression
analysis of the data found that age, obesity, and urinary tract symptoms
were the most important correlates of significant ED (11). A British study
found that rigidity of erection and ejaculate volumes decreased with age.
Nine percent of men in their 40s, 79% of men in their 70s, and 86% of men
in their 80s reported decreases in rigidity of erection. Reduced ejaculation
was also found to increase in prevalence with age. Men with LUTS had
a significantly higher odds ratio for sexual dysfunction compared with
men without urinary symptoms. Overall, a strong relationship between
LUTS and ED was found, but no correlation was found between flow rate
and ED (34).

Many investigators have found that LUTS adversely impacts patients’
overall quality of life. Impaired quality of life is associated with ED, thus
there is the potential for a link. Many studies have documented a very large
negative impact on quality of life among men with LUTS. In the Olmsted
County study, LUTS was associated with significantly worse physical and
mental health overall (35). Men with large prostates were twice as likely
to be bothered by their symptoms and also twice as likely to think their
symptoms interfered with activities of daily life (36). In another study
among men with LUTS, 20% reported that urinary dysfunction impaired
at least one daily activity most or all of the time (37).
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Important basic science work is examining the impact of bladder obstruc-
tion on the corpora. Experimental models were created in animals to test
the effect of bladder outlet obstruction on cavernosal smooth muscle. These
studies have found alterations in the nitric oxide pathway, changes in the
histological structure of erectile tissue, and an altered response of corporal
smooth muscle to contractile agents (38–40). Thus, whether the link is a
result of age, quality of life, or some other physiological derangement,
LUTS is definitely associated with ED.

Endocrine Disorders
As previously mentioned, diabetes is the most prevalent endocrinopa-

thy that causes ED. A variety of other hormones also affect erectile
function, however. Testosterone influences libido and contributes to noc-
turnal tumescence; however, the ultimate role of androgens in ED has not
been well defined (41–45). Recent studies demonstrated that correcting
the hypogonadal state by giving supplemental testosterone improves
response to sildenafil in men with ED and low testosterone level
(46). Testosterone clearly plays a role in the level of libido, but the exact
role in ED is still debated (45). Hyperprolactinemia, hypothyroidism,
hyperthyroidism, and adrenal disorders may either lower serum test-
osterone level or alter the testosterone:estradiol ratio, thus affecting
sexual function. These disorders are the cause of less than 5% of cases of
organic ED (47).

Psychological Disorders
Psychological factors definitely play a significant role in erectile func-

tion. How a poor quality of life links LUTS to ED was already discussed.
Four decades ago, most sexual medicine practitioners believed that ED
was a result of psychological disorders in most men. The majority of men
with ED are now thought to have organic causes, but many psychiatric
and psychological conditions have an impact on erectile function. Fur-
thermore, many men with multiple vascular risk factors and documented
organic causes of ED have a secondary sexual psychological component
contributing to ED. It is now appreciated that many men have mixed ED
(48). The link between depression and ED is well established. Many
studies have found an increased incidence of ED in men with depression.
Interestingly, men with depressive symptoms and ED note improvements
in their depression with successful treatment of the ED (48–51).

Poor overall mood may negatively affect erectile function (52). It is
believed that a depressed mood contributes to overall low quality of life,
which has been shown to impair erectile function in men. Poor marital
relationships also negatively affect erectile function (53).



Chapter 2 / Erectile Dysfunction Epidemiology 33

Shabsigh et al. investigated the incidence of depressive symptoms in
men who had ED (51). They examined 120 men with either ED, benign
prostatic hypertrophy (BPH), or both. They found that 54% of men with ED
and 56% of men with ED and BPH but only 21% of men with BPH alone
experienced depression. Men with ED had a 2.6-fold increased risk of
depressive symptoms as compared with men with BPH alone, which was
statistically significant even after controlling for age, marital status, and
comorbidities. Furthermore, patients with depression had a significantly
lower libido rating than those without depression. This study also found
that depression as a comorbid condition of ED complicated treatment.
Although 100% of men with ED who were given treatment remained on the
treatment plan, only 38.9% of men with depression and ED remained on an
ED therapy plan during the study (p < 0.0002). Not only are ED and depres-
sion related, but having the two seems to complicate treatment for ED.

Recent data from Nigeria also supports a link between depression and
ED (54). The IIEF and the patient health questionnaire were completed by
829 Nigerian men in active military service. They examined the relation-
ship between age, depression, alcohol abuse, and panic disorder to erectile
dysfunction.

The mean age of the men was 36.7 yr, and 75% were married. ED was
found in 39.6% of all men. Thirty-six percent of men younger than 30 yr
of age reported ED, as did 31% of men in their 30s, 46% of men in their 40s,
58% of men in their 50s, and 100% of the two men surveyed who were
older than 60. Of men with ED, 10.3% were found to experience depressive
symptoms. The degree of depression was not associated with ED. Multi-
variate analysis found that age and depression were predictors of ED in this
study, but not alcohol abuse or panic disorder.

The evidence linking depression directly to ED is somewhat weak.
Several additional recent studies have found no link between the two
conditions. Araujo et al. examined longitudinal data from the MMAS to
study the incidence of ED among men with depression (55). They exam-
ined longitudinal data gathered over 8.8 yr from 776 respondents to the
MMAS to look for the development of ED among men with several psy-
chological problems. The presence of depressive symptoms (analyzed
with the Center for Epidemiologic Studies Depression scale [CES-D]) at
study entry was not significantly predictive of developing ED during the
study (p = 0.12). Among men with baseline depression, 13.2% developed
ED, compared with 21.3% of men overall (not significant). One limitation
of this study was that depressive symptoms and not a diagnosis of major
depressive disorder were used to identify men with depression. Intuitively,
more severe depression may be related to ED, or, as the authors point out,
the effect of depression may be temporary and may lessen with time.
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Other recent studies found no association between current depressive
symptoms and moderate to severe ED (56). They received questionnaires
from 199 men who completed basic health inventories, the CES-D, and
an abbreviated version of the IIEF. Moderate or complete ED was found
in 36.4% of men, depression was found in 12.1%, and ED with depression
was found in 5.1%. Multivariate analysis found no significant relationship
between ED and depression; furthermore, the absolute score on the
CES-D questionnaire was not related to the presence of moderate or com-
plete ED. This well-done study gives strong support to the finding that
depression and ED are not related. However, the relatively low response
rate of the subjects to the survey (59.6%) somewhat weakens the data.

Another recent survey found that men with ED often suffer great dis-
tress, but only a few fulfill the clinical criteria for a diagnosis of depression.
Only 18.6% of a cohort of depressed men who presented for evaluation
reported some degree of sexual dysfunction (57). Some of this variation is
explained by differences in the definition of depression. Depressed mood
and poor quality of life are very common among men with ED, but clinical
depression is not as common. Therefore, until a consistent definition of
depression is used and a large sample is followed, any relationship between
ED and depression must be regarded with skepticism.

Medications

A plethora of medications have been associated with ED. Studies sug-
gest that as many as one-quarter of patients seen in general medical prac-
tices have ED as a result of a medication that they take (58). Many patients
who take antihypertensives complain of ED. Although the cause of the ED
may be directly related to the medications, some studies suggest that the
pathophysiological effect of hypertension on the vasculature may contrib-
ute to worsening erectile function. In fact, up to 40% of patients who
require antihypertensive medications develop ED (59–61). Antihyper-
tensives in such broad classes as -blockers, calcium channel blockers,
diuretics, and ganglionic blockers have all been implicated in ED. Whether
the cause is a diminished blood pressure resulting in insufficient inflow to
maintain an erection, direct ganglionic blocking action, or an antiandrogen
effect (spironolactone), these medications exert a wide range of effects on
the erectile mechanism.

The impact of antihypertensive medication use on ED was carefully
evaluated in the Treatment of Mild Hypertension Study (62). This double-
blind, randomized trial compared placebo with acebutolol, amlodipine,
chlorthalidone, doxazosin, or enalapril in terms of the incidence of sexual
dysfunction during the study. Age, baseline hypertension, and previous
use of antihypertensive medications were associated with ED. At baseline,
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12.2% of men reported ED. Although this finding is lower than expected,
men with diabetes, cardiovascular disease, and excess alcohol intake were
excluded, so this cohort was probably healthier than the average hyperten-
sive group. The incidence of ED among treatment groups and placebo
groups was 6 to 17% at 24 mo and 11 to 18% at 48 mo. Only men taking
chlorthalidone had a significantly higher risk of developing ED at 24 mo
(15.7%) compared with those taking placebo (4.9%, p < 0.01). Men taking
doxazosin had a lower rate (2.8%), but this was not significant. At 48 mo,
no group differed significantly from the placebo group in the incidence of
ED. The authors suggested that new-onset ED developing during treat-
ment for hypertension should not be attributed to medication use generally.
Sexual dysfunction may be more related to blood pressure control than
medication use per se.

These findings agree with those of the MMAS, which found ED to be
related to hypertension but also found a relationship between antihyperten-
sive-drug use and ED (8). This study may suggest a relationship between
medication use as a marker of hypertension rather than between medica-
tion use and ED specifically.

The authors find the data from the randomized, placebo-controlled trial
to be convincing and caution anyone from attributing ED to antihyperten-
sive medication use until other risk factors for ED are explored fully.

Antidepressants constitute another class of widely used drugs that are
believed to impair erectile function (63). Once again, whether this effect is
a direct pharmacological one or is related to the underlying disease process
for which the patient is using a psychotropic agent remains unclear. The
newer selective serotonin reuptake inhibitors have also been associated
with ED that may or may not respond to proerectile medications (64).
Overall, the treatment of depression may improve ED symptoms. Antide-
pressants may exacerbate the condition. ED that persists after a bout of
depression must be thoroughly investigated to rule out other causes before
pharmacological alterations are begun. Other psychiatric medications,
including neuroleptics used to treat schizophrenia, are often associated
with ED. Both older (clomipramine) and newer (olanzapine) antipsychotics
have been implicated in the development of ED (65,66).

Drugs with endocrine effects may contribute to ED. The most widely
used are the luteinizing hormone—releasing hormone agonists for the
treatment of advanced and metastatic prostate cancer, which are well
known to cause ED. Other drugs, including cimetidine, estrogens, and
spironolactone, all have been demonstrated to antagonize androgen pro-
duction or action and may contribute to ED (67–69). Agents that act on cell
membranes may impair tonic excitation or relaxation of smooth muscles,
which may lead to ED. For example, digoxin potentiates smooth muscle
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contraction via its effect on the sodium–potassium–ATPase pump in
smooth muscle cells, eventually leading to increased intracellular levels of
calcium (70).

Before any medication is changed or discontinued because of a com-
plaint of ED, a thorough search for other causes must be initiated (59).
Many of the conditions for which the abovementioned medications are
used also exert progressive negative effects on erectile function.

Systemic Diseases
The literature cites an association between a variety of chronic dis-

eases and ED. Chronic renal insufficiency is often associated with ED.
Forty to 80% of men with chronic renal insufficiency or end-stage renal
disease have some degree of associated ED (71,72). The causes of ED in
renal failure include hypogonadism, hyperprolactinemia, diabetic neur-
opathy, and vasculopathy, or some combination of these factors (73). ED
in patients with renal failure may be improved by transplantation but may
also require adjunctive treatment (74–76).

Neurological disorders are also commonly associated with ED. Cere-
brovascular accidents, multiple sclerosis, and neurodegenerative disor-
ders, including Alzheimer’s disease and Parkinson’s disease, are all
associated with ED (77,78). Following a cerebrovascular accident, up to
85% of men experience ED, and almost 75% of men with multiple sclerosis
experience ED (79,80).

Patients with human immunodeficiency virus and acquired immuno-
deficiency syndrome may acquire an autonomic neuropathy leading to
ED (81).

Other conditions that have been associated with ED include chronic
obstructive pulmonary disease (82), systemic sclerosis (83), sleep apnea
syndrome (84), and liver disease (85).

Trauma
Penile or perineal trauma, usually blunt, and pelvic fracture are associ-

ated with ED. Up to 50% of men who experience straddle injuries or
prostatomembranous urethral disruption in pelvic fractures develop ED
(86). Common penile artery injury is thought to account for the patho-
physiology of this type of ED (87).

Treatment of posterior strictures (often resulting from trauma) can also
lead to the development of ED (88). The cause of ED in this case is thought
to be the interruption of the autonomic nerve fibers that run in close prox-
imity to the posterior urethra, either with initial injury or while dissecting
the urethra during repair. The IIEF was examined as a tool to evaluate men
after pelvic trauma to identify those with ED (89). Of 77 consecutive men
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identified, 46 returned the survey; of these men, 29.7% were found to have
some degree of ED. Men with pubic diastasis had a significantly increased
risk of decreased erection firmness and a significantly lower degree of
erection confidence than did men without diastasis. These authors sug-
gested that cavernosal nerve injury at the time of diastasis may account for
the increased risk of ED in these men.

A recent study from Israel identified 25 consecutive patients with pos-
terior urethral strictures secondary to pelvic fracture (90). Eighteen (72%)
experienced ED before attempted urethral reconstruction. Thirteen of the
men were diagnosed with neurogenic ED—as evidenced by normal vascu-
lar response on duplex ultrasound with intracavernous injection—and five
were diagnosed with arteriogenic ED—as demonstrated by an abnormal
arterial response to intracavernous injection. Cases of secondary arterio-
genic ED can be treated by penile revascularization (91).

Posterior urethroplasty for stricture is thought to be associated with a
small but significant risk of ED. The data for anterior strictures are much
better, with a recent large series reporting only one new onset of ED among
168 consecutive patients who underwent anterior urethroplasty (92).

Surgical trauma is also commonly associated with ED. Radical prostate-
ctomy is probably the most commonly performed urological procedure
associated with ED. The cause of ED in this case is likely neurological
impairment but may also be associated with vascular disease of the corporal
bodies (93,94). Pelvic exenteration for either rectal cancer or bladder cancer
is also associated with very high rates of resulting ED (95). The sacral nerve
roots that supply the autonomic nervous supply to the cavernous nerve,
which mediates erection, may be disrupted during radical pelvic surgery.

Trauma can also occur as a result of vigorous physical activity. Extreme
bicycling may be associated with ED (96). Compared with age-matched
runners, members of a cycling club had a threefold increased risk of
developing ED. A Scandinavian review of 160 cyclists found that of men
participating in a 540-km race, 22% reported pudendal or cavernous nerve
symptoms after the race, with 33 complaining of penile numbness and 21
complaining of impotence (97).

Mountain biking may be associated with even higher rates of ED. The
pathophysiology of this effect is thought to be compression of the common
penile arteries against the ischiopubic ramus as a result of an unpadded
bicycle seat. Recent studies have measured the transcutaneous oxygen
pressure in healthy volunteers without ED (98). They found significant
decreases in penile oxygen pressure (which correlates well with arterial
and tissue pO2) regardless of the amount of seat padding. Only wider seats
were associated with less of a decrease in pO2. Although an association has
been shown, causation is far from established.
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SUMMARY

ED is a highly prevalent worldwide problem. This condition increases
with age and is more commonly seen with comorbid medical conditions,
including cardiovascular disease, diabetes, and neuropsychiatric disor-
ders. Other associated conditions include trauma, pelvic surgery, and
cycling. Recent evidence is accumulating to suggest a robust link between
LUTS and ED, which until now was thought to be coincidental. Clearly,
ED is a cause of substantial morbidity throughout the world and deserves
special consideration during the diagnostic evaluation of any patient, male
or female, because ED can have a profound impact on overall mood.
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INTRODUCTION

The second messengers cyclic 3',5' adenosine monophosphate (cAMP)
and cyclic 3',5' guanosine monophosphate (cGMP) play a key role in
mediating a variety of functional responses to hormones and other cellular
transmitters. Phosphodiesterases (PDEs) are intracellular enzymes that
specifically catalyze the hydrolysis of these second messengers. By coun-
terbalancing the enzymes adenylyl cyclase and guanylyl cyclase, which
catalyze the formation of cAMP and cGMP, respectively, they regulate
the intracellular concentration of both second messengers, thereby influ-
encing a broad variety of physiological functions. PDEs belong to a large
superfamily (11 different gene families encode for the PDE families PDE1
to PDE11) of structurally related, functionally distinct, and highly regu-
lated enzymes. Owing to their key roles in physiological processes, PDEs
are targets for many drugs that are used for different diseases, such as
cardiovascular diseases, asthma, erectile dysfunction (ED), and many
others. Increasing knowledge of the molecular biology, regulation, and
tissue distribution of this class of enzymes has led to a better under-
standing of the physiological function of cyclic nucleotides and of the
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regulatory role of PDEs. This progress was supported by the development
of potent PDE inhibitors that are highly selective for one PDE family.
Prominent examples are the newly developed selective PDE5 inhibitors,
which are discussed here, used for the effective oral treatment of ED.

This chapter summarizes the properties and physiological function of
the PDE isoenzymes, focusing on the understanding of the role of PDE5
and its inhibitors in regulating smooth muscle tone and penile erection and
their roles in the treatment of ED. The pharmacodynamic effects of PDE5
inhibitors are discussed, as well as the parameters influencing their clinical
efficacy and side effect profile.

FUNCTION AND PROPERTIES OF PDES

Signaling pathways include mechanisms for negative feedback control.
PDEs are critical homeostatic regulators of intracellular cyclic nucleotide
concentrations. By catalyzing the hydrolysis of the diester bond of cAMP
and cGMP to their corresponding monophosphates AMP and GMP, they
terminate the signaling of cyclic nucleotides. Figure 1 shows the hydroly-
sis of cGMP by PDE5.

The human genome encodes for 11 families of PDEs localized on 21
PDE genes, which generate multiple protein products (1). Via alternative
mRNA splicing or the use of multiple gene promoters or initiation sites, or
both, this group of enzymes amounts to a total of at least 60 different PDEs.
The knowledge of the relationships between different family members and
a better understanding of the regulation and functional characteristics of
each have generated a systematic nomenclature (2).

Fig. 1. Phosphodiesterases catalyze the hydrolysis of the phosphodiester bond of
cyclic nucleotides cyclic adenosine monophosphate and cyclic guanine monophos-
phate (cGMP). In this example, phosphodiesterase 5 hydrolyzes active cGMP to the
inactive form GMP. PDE5, phosphodiesterase type 5.
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A PDE family is designated by an Arabic numeral followed by a capital
letter designating the gene within the respective family. A second Arabic
numeral indicates the variant product derived from a single gene (e.g.,
PDE4A2 denotes PDE family 4, gene A, splice variant 2).

Mammalian PDEs share a common structural organization, with a con-
served catalytic domain located near the C-terminus and divergent regu-
latory domains and modules mostly near the N-terminus of the protein (1).
The catalytic core contains family-specific sequences responsible for dif-
ferences in substrate specificity, catalytic activities, and sensitivity to
inhibitors. The regulatory domain on the N-terminal portion of PDEs is
highly divergent. It includes sites and domains that are subject to different
modifications (e.g., phosphorylation or interaction with allosteric ligands,
such as Ca2+ ions, calmodulin, or cGMP), thus regulating the catalytic
activity, protein–protein interactions, or subcellular localization. The
structural organization of the 11 PDE families is shown in Fig. 2.

The most obvious distinguishing feature between the 11 PDE families
is their substrate specificity. Some PDEs specifically hydrolyze cAMP;
others are highly specific for cGMP, whereas some are able to hydrolyze
both cAMP and cGMP. Most cells contain representatives of multiple
gene families but in different amounts, proportions, and subcellular loca-
tions, thus forming a complex network among different PDE regulatory
pathways. This implies that even highly specific inhibitors of one distinct
PDE may influence different physiological processes in different tissues.

Fig. 2. Schematic representation of the regulatory and catalytic sites of the 11 mam-
malian phosphodiesterase families (1). CAM, cell adhesion molecule; cGMP, cyclic
guanine monophosphate; COOH, carboxylic acid; PAS, p-aminosalicylic acid; PDE,
phosphodiesterase. (Adapted from ref. 2a.)

Figure not available in electronic version of this product
because the copyright owner has either withheld
permission or permission could not be obtained.
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The consequences of this on the pharmacodynamic effects of PDE5 inhibi-
tors are discussed later in this chapter. The only PDE that is expressed in
a single highly specialized tissue is PDE6, which is involved in the signal
transduction of vision in the retina. The most prominent properties of the
11 PDE families and their tissue distribution are summarized in Table 1.

Numerous reviews demonstrate the tremendous increase in knowledge
of the structural features, catalytic mechanisms, regulation, physiology,
and inhibitors of this fascinating class of enzymes, although many details
of their function remain unclear (1,3–7).

PDE INHIBITORS

Based on their central role in regulating the intracellular concentration
of cyclic nucleotides, PDEs have been targets for pharmacological inter-
ventions. The first clinically available selective PDE inhibitor was the
PDE3 inhibitor milrinone, which was used to treat hypertension and cer-
tain types of cardiac failure. It is no longer in use, however, owing to its
presumed ability to induce life-threatening arrhythmias.

Many efforts are ongoing to develop highly selective PDE4 inhibitors
for the treatment of asthma, such as Rolipram or the PDE4A selective
inhibitors Roflumilast and Cliomilast.

So far, none of these compounds have made their way to clinical practice.
Natural compounds, such as caffeine or theophylline, that are known to

at least partially inhibit PDEs have been in use for centuries. For example,
coffee was prescribed to treat asthma in the 19th century, because its active
ingredient, caffeine, is a nonselective PDE inhibitor. In addition, caffeine
was used in a clinical study for the oral treatment of impotentia erectionis
(8). Natural products, together with knowledge of the structure of cGMP
itself, served as starting points for the development of more potent or more
selective, or both, synthetic PDE5 inhibitors. Zaprinast (M&B 22948) is of
special note, because it set a milestone in the development of PDE5 inhibi-
tors. It was synthesized as an antiallergic compound and was proposed as
a candidate for clinical use in the treatment of allergic asthma (9). It has
some specificity toward PDE5 and was widely used to establish the impor-
tant role of cGMP as a second messenger in smooth muscle relaxation. In
addition, it was used as a pharmacological tool for the evaluation of PDE5
inhibition in various conditions, including ED (10,11).

The awareness of the beneficial pharmacological effects of cGMP (e.g.,
relaxation of smooth muscle cells [SMC], vasodilation, and inhibition of
SMC proliferation) stimulated the search for more powerful inhibitors of
cGMP that metabolized PDEs. Increasing understanding of the important
role of the nitric oxide (NO) cGMP signaling pathway during sexual stimu-
lation (12), the development of sildenafil citrate (Viagra®) in the early
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1990s, and its introduction into the market in 1998 as an oral treatment for
ED reaffirmed the therapeutic potential of PDE5 inhibitors. Five years
later, two more potent PDE5 inhibitors, vardenafil (Levitra®) and tadalafil
(Cialis®), came to market. With the addition of these two compounds,
further improved therapeutic options for the treatment of ED have been
made available. In Fig. 3, the chemical structures of these compounds are
shown.

PDE5

PDE5 is known as the cGMP-binding, cGMP-specific PDE and is
one of the PDEs that contains allosteric binding sites in their regulatory
domains (1,13). PDE5 was first recognized as a cGMP-binding protein in
lung tissue, which also possesses cGMP-hydrolyzing activity (14,15).
The catalytic and allosteric binding sites of PDE5 are highly specific for
cGMP. The catalytic activity of PDE5 is tightly regulated by negative
feedback by its own substrate, cGMP, which enhances its own destruc-
tion. Binding of cGMP to PDE5 increases the affinity of the catalytic site
for cGMP, both by allosteric activation and by activation of protein kinase
G (PKG), which in turn phosphorylates the enzyme and increases its
activity (16–18).

Fig. 3. Chemical structures of the phosphodiesterase type 5 (PDE5) inhibitors that
have been developed—caffeine, zaprinast, sildenafil, vardenafil, and tadalafil—and
the PDE5 substrate, cyclic guanine monophosphate. cGMP, cyclic guanosine mono-
phosphate; PDE5, phosphodiesterase type 5.
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PDE5 is expressed in a wide variety of tissues as an intracellular cyto-
solic enzyme. In corpus cavernosum, PDE5 is clearly the most important
cGMP-hydrolyzing PDE (19,20), although gene transcripts of nearly all
the PDEs could be detected in penile tissue (21). PDE5 enzymatic activity
was also detected in the lungs, platelets, the kidneys, the brain, the epithe-
lial cells of pancreatic ducts, and the SMCs, such as vascular SMC and
gastric SMC, in a variety of organs, including the esophagus (13,22–25).

The minor activity that was occasionally detected in heart tissue is prob-
ably not located in myocardial cells but rather in the SMCs of the blood
vessels (26,27). The tissue distribution often coincides with that of PKG,
which is not surprising, considering that both of them are regulated by
cGMP and PKG is an excellent catalyst of the phosphorylation of PDE5.

The human PDE5A gene encodes three isoforms that differ only in the
5'-end of their messenger RNAs and the amino terminus of their proteins
(28,29). PDE5A1 and PDE5A2 are expressed in most of the tissues men-
tioned previously, and expression of PDE5A3 seems to be limited to SMCs.
In penile tissue, all isoforms could be detected (6).

The affinity for cGMP is the same for all three subtypes (Km ~6 μM) and
sensitivity to inhibition by sildenafil also seems to be similar for all three
subtypes, whereas the PDE5A3 isoform seems to be more resistant.

Therefore, it is questionable whether a subtype-specific PDE5 inhibitor
would offer an improved side effect profile.

Why PDE5 is an Ideal Target in the Treatment of ED

Penile erection is a result of the relaxation of arterial and smooth muscle
tissue within the penis. Relaxation of arterial smooth muscle is accompa-
nied by increased blood flow to the penile corpora. Trabecular smooth
muscle relaxation leads to the opening of the sinusoids in the penile erectile
tissue, which is the prerequisite for the initiation of an erection. The state
of contractile tone in penile tissue is determined by a dynamic balance of
contractile and relaxing mechanisms. Contraction is mediated mostly by
adrenergic mechanisms but also by endothelin and certain prostanoids.
Relaxation during sexual stimulation is mediated mostly by the NO cGMP
signaling pathway but also through peptide hormones such as vasoactive
intestinal peptide, calcitonin gene-related peptide, and prostanoids like
PGE1. Vasoactive intestinal peptide, calcitonin gene-related peptide, and
prostanoids use cAMP as the main second messenger. Effectors of cAMP-
mediated relaxation of penile SMCs are described in Fig. 4.

The prominent role of NO as a transmitter during sexual stimulation is
the basis for the specificity of PDE5 inhibitors for the treatment of ED.

The mechanism of erection and the physiological background have been
extensively studied. Smooth muscle relaxation is mediated by NO. During
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either direct or psychogenic sexual stimulation, NO is synthesized by
neuronal NO synthase in the nerve terminals of parasympathetic and
nonadrenergic, noncholinergic neurons in the penis and also by endothelial
NO synthase in the endothelial cells of the blood vessels and the lacunar
spaces of the corpora cavernosa. NO activates the soluble guanylate
cyclase (sGC) of SMCs, resulting in increased intracellular cGMP levels,
which leads to relaxation of smooth muscle in the corpus cavernosum and
in penile arterioles. The level of cGMP is regulated by its rate of synthesis
via sGC and its hydrolysis to the physiologically inactive GMP by the
cGMP-hydrolyzing PDEs.

Of all cGMP-hydrolyzing PDEs, PDE5 is the most prominent in the
human corpus cavernosum, but some PDE2 activity has also been described
(19), as well as significant amounts of the cAMP-metabolizing PDE3 and
PDE4 (20,30). Inhibition of PDE5 leads to an increase in the level of cGMP,
thus enhancing relaxation of smooth muscle. Consequently, the vascular
tone in penile arteries decreases. This causes increased blood flow and an
enlargement of the cavernosal tissue, which induces penile erection (31–
33). NO-mediated vasorelaxation is the basis for the therapeutic application
of PDE5 inhibitors in the treatment of ED. This suggested signaling path-
way and the enhancing effect of NO on erectile function was demonstrated
in isolated corpus cavernosum (10) and in various animal models with
different species (34–38). Here also the effects of amplification of NO by
administration of PDE5 inhibitors were shown.

The release of NO by nonadrenergic, noncholinergic nerves or the
endothelium, or both, is impaired under pathological conditions, such as
diabetes or coronary heart disease, hypertension, or spinal cord injury,
which consequently leads to reduced cGMP synthesis. Through PDE5
inhibition, sufficient levels of cGMP leading to erection in many patients
with ED can still be reached, which is clinically important in patients
with a disease, such as diabetes, in which impaired NO release might be
the cause of ED.

A prerequisite to PDE5 inhibition as a therapeutic principle for the
treatment of ED is sexual stimulation leading to the release of NO, as
described earlier. PDE5 is available in many other tissues (see Table 1),
but the selective induction of vasorelaxation in penile tissue is predomi-
nantly based on the increased synthesis of cGMP in the cavernosal tissue
in the presence of NO; this occurs only during sexual stimulation. Other
tissues do not have this mechanism. This unique situation—increased
cGMP concentrations after neural stimulation—contributes more
strongly to selective vasodilation in cavernosal tissue than the localiza-
tion of PDE5 in this tissue (13,39). This provides the basis for the effi-
cacy and favorable therapeutic benefit-vs-side effect ratio that is found
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for PDE5 inhibitors in the treatment of ED. Figure 5 shows the steps from
neuronal signaling to the cellular mechanism that causes an erection.

The clinical effectiveness of PDE5 inhibition requires at least a mini-
mal NO signal to induce some turnover of cGMP. Otherwise, PDE5 inhi-
bition will not be able to increase intracellular cGMP levels and induce
vasorelaxation. Complete destruction of the cavernosal nerves during
radical prostatectomy, or severe diabetic neuropathies, could be patho-
logical conditions that principally limit the success of treatment with
PDE5 inhibitors.

Other mechanisms, such as increasing intracellular cGMP levels through
the stimulation of cGMP synthesis by activators of the cGMP-sGC (BAY
41-7072), could offer an alternative treatment option, principally using the
same signaling pathway (40). Because sGC is abundantly distributed in all
tissues, however, general vasodilation is a potential drawback of this mecha-
nism. The partial dependency on NO of the activation of sGC by this com-
pound (41) may deliver sufficient specificity for penile tissue.

Parameters Determining the Pharmacodynamic
Effects of PDE5 Inhibitors

The pharmacodynamic effects of PDE5 inhibitors are determined by
their molecular structures, which influences their PDE5 inhibitory potency,
and by their selectivity with respect to the other PDEs. The abundant tissue

Fig. 5. (A) Mechanism of erection, from neuronal signaling to the cellular mechanism.
(B) (opposite page) Cyclic guanine monophosphate (cGMP) signaling in smooth
muscle cells of corpus cavernosum and effect of phosphodiesterase type 5 inhibition
on corpus cavernosum cGMP levels. eNOS, endothelial nitric oxide synthase; NO,
nitric oxide; GTP, guanosine triphosphate.
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distribution of PDE5 and the complex network of all other PDEs could be
the reason for mechanism-related side effects. Physicochemical properties
of PDE5 inhibitors, such as solubility or the capability to permeate cell
membranes, may also play a role owing to the intracellular location of
PDEs. Furthermore, pharmacokinetic properties related to the compounds’
absorption, distribution, metabolism, and excretion play an important role.

Potency

Enzyme inhibitors often mimic the natural substrate of the enzyme and
bind reversibly, but more tightly, to the catalytic center than to the natural
substrate. Not being hydrolyzed themselves, they act as reversible enzyme
inhibitors. The PDE5 inhibitors sildenafil, vardenafil, and tadalafil act
through this mechanism.

The higher the affinity of the inhibitor to the PDE, the lower the concen-
tration of the inhibitor needed to inhibit the respective PDE. The lower this
concentration, the higher the potency of the drug. High potency does not
necessarily translate to higher clinical efficacy; however, because admin-
istration of a lower concentration of the drug is possible, the probability of
nonspecific interference with other receptors or proteins is lower. There-
fore, it is reasonable to assume that such a drug has a greater safety margin
for non-PDE-related adverse effects.

The potency of a PDE inhibitor is usually determined in vitro with
isolated and purified PDE. It can be expressed by measuring the concen-
tration of the drug necessary to inhibit 50% of the catalytic activity of the
enzyme. This median inhibitory concentration is named IC50 and is fre-
quently used when comparing the potency of different compounds. As an
example, Fig. 6 shows the concentration inhibition dependency and the
IC50 of vardenafil for PDE5.

The results of IC50 measurements depend on assay conditions, such as
the source and the quality of the enzyme preparation, the properties of the
assay buffer, and the substrate (cGMP/cAMP) concentration. Therefore, a
valid comparison of drugs with respect to potency can only be performed
under rigorous conditions in the same assay. In comparing published data
on the three compounds sildenafil, vardenafil, and tadalafil, there is a wide
variation in IC50 values (19,42–50). Independent of the different sources,
however, vardenafil is the most potent of the group of approved PDE5
inhibitors, followed by sildenafil and tadalafil, as shown in Fig. 7.

All three inhibitors are effective in enhancing cGMP concentration in
human penile tissue, as well as in relaxation. Both effects are much more
pronounced in the presence of low concentrations of NO donors, such as
SNP, which confirms the mode of action of these PDE5 inhibitors in iso-
lated tissues (45–47).
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Selectivity
The selectivity of an inhibitor for PDE5 is the key determinant in the

potential clinical side effect profile of the inhibitor compound. Selectivity
describes the balance between the concentrations needed to inhibit the
target enzyme PDE5 compared with the concentration needed to inhibit
other PDEs. For example, the IC50 of vardenafil for PDE5 is 0.7 μM (45),
and its IC50 for PDE11 is 307 μM, which results in a selectivity ratio of
308/0.7 = 440.

This means that a 440-fold higher concentration of vardenafil is needed
to inhibit PDE11 compared with the concentration needed to inhibit PDE5.

Fig. 6. The inhibitory concentration 50% of the phosphodiesterase type 5 (PDE5)
inhibitor vardenafil determined for PDE5 is 0.7 μM. (PDE5 derived from human
platelets.) IC50, inhibitory concentration 50%.

Fig. 7. The in vitro potency of phosphodiesterase type 5 inhibitors: a comparison of
published inhibitory concentration data on vardenafil, sildenafil, and tadalafil ob-
tained from different studies (45,48,50). IC50, inhibitory concentration 50%.
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The higher this ratio for each of the other PDEs, the smaller the probability
that they are affected at concentrations of the drug in the body that can be
achieved at therapeutic doses. Therefore, the probability of side effects
induced by inhibiting PDE species other than PDE5 is also lower. As an
example, the selectivity of the three clinically available drugs is summa-
rized in Table 2.

Inhibition of PDE6 is thought to induce transiently abnormal vision
because this enzyme plays a dominant role in the signal transduction of
vision. Clinically, this was seen infrequently with vardenafil and rarely
with sildenafil (49).

The ratio for tadalafil is very high (300) (49), and no visual side effects
have been reported. Tadalafil exerts some nonspecificity with respect to
PDE11. This enzyme is expressed in many tissues (see Table 1), but neither
its physiological function nor the clinical relevance when it is inhibited is
understood.

Mechanism-Related Effects of PDE5 Inhibitors

Although PDE5 is the predominant cGMP-metabolizing enzyme in
penile tissue, and the specialized signaling that occurs during sexual stimu-
lation makes PDE5 an optimal target for the treatment of ED, PDE5 is
present in many other tissues, and its coexpression with other PDEs within
the same cells forms a complex network of crosstalk among different PDE-
regulatory pathways. Owing to the latter, some mechanism-related side-
effects are induced just by inhibiting PDE5.

In penile tissue, PDE2 enzymatic activity was detected, as well as sig-
nificant amounts of PDE3 and PDE4 (19,30). Indeed, sildenafil has been
shown to increase cAMP levels in isolated cavernous strips, although it
does not inhibit any of these enzymes (51). This effect is thought to be the
result of the increased cGMP levels induced by sildenafil, which in turn
prevents cAMP degradation by inhibiting PDE3. Therefore, it cannot be
excluded that an elevated cAMP level also contributes to the erectogenic
effect of sildenafil. Increased cAMP levels were also found in human
cardiac auricle when treated with sildenafil (51); this could be a potential
risk owing to the chronotropic effects of cAMP. However, it was demon-
strated that PDE5 is not expressed in human myocardial cells (26,27) but
is expressed in SMCs of blood vessels of the heart. Therefore, crosstalk
between PDE5 as a cGMP-elevating principle and the cGMP-inhibited
PDE3 in myocardial cells in this tissue seems to be unlikely. Furthermore,
it has been shown that PDE5 is not expressed in the human cardiac His-
Purkinje system, and so a direct ionotropic or chronotropic effect is also
unlikely, and direct mechanism-related effects of PDE5 inhibition on the
myocardium are not probable.
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Localization of PDE5 in all SMCs and consequently in all vascular
tissues is thought to be the reason for another mechanism-related side
effect. All PDE5 inhibitors exert a transient vasodilatory effect, including
occasional reports of symptoms, such as facial flushing, headache, and/or
stuffy nose. Dyspepsia is also occasionally reported as a side effect of all
PDE5 inhibitors. It can be attributed to the high expression of PDE5 in the
lower esophagus, which may induce reflux (52).

Potentially severe interactions between organic nitrates and this group
of compounds are related to their mechanism of action and have led to the
establishment of a contraindication to the combined use of nitrates and
PDE5 inhibitors. Organic nitrates release NO systemically, which in turn
stimulates cGMP synthesis and therefore may amplify the minor sys-
temic vasodilation induced by PDE5 inhibition and induce severe sys-
temic decreases in blood pressure. Expression of all three PDE5 isoforms
is regulated by isoenzyme-specific gene promotors. These promotors
exhibit, at least in in vitro assays, activity dependent on increasing con-
centrations of cAMP and cGMP (28).

Binding studies with radiolabeled sildenafil suggest that the elevated
intracellular cGMP level induced by the PDE5 inhibitor causes further
increases in sildenafil concentration in the corpus cavernosum. This posi-
tive feedback, which should also occur with the other PDE5 inhibitors,
could lead to an effective concentration of the inhibitors in cells containing
high levels of PDE5 and should be slowly cleared.

This could have an impact on the duration of action of these compounds,
which may be much longer than suggested by the plasma levels (53). In an
animal study with rabbits, it was shown that vardenafil was effective for
at least four times the half-life of the compound in this species (54).

Influence of Pharmacokinetic Properties

Pharmacokinetic properties have a decisive impact on the pharmacody-
namic properties of a drug. They describe the absorption, the distribution,
the metabolism, and the excretion of a drug. The basis for determination
of these parameters is the measurement of the concentration of the drug
after administration, as shown in the pharmacokinetic profile of vardenafil
in Fig. 8.

Three key parameters are used to characterize pharmacodynamic prop-
erties: Cmax, Tmax, and T1/2. Cmax indicates the maximum plasma concentra-
tion obtained at a given dose. At Cmax, the maximal effect is expected. Cmax

allows for an estimate of whether PDEs other than PDE5 will be inhibited
at therapeutic concentrations. Tmax reflects the absorption and indicates
the time necessary to reach Cmax. The shorter the Tmax, the faster the
maximal concentration is expected to be reached, but this does not nec-
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essarily coincide with onset of action. T1/2 describes the time needed to
decrease the plasma concentration to 50% of Cmax. The longer the T1/2,

the longer the duration of action expected, but as mentioned previously,
T1/2 is not necessarily an exact measure of the duration of action.

These parameters can be influenced by many additional factors, such as
food intake or comedication with other drugs. For example, when the
inhibitors are metabolized by the same cytochrome P450 system or, even
worse, when this system is inhibited by a concomitantly administered
drug, Cmax can be significantly increased. Another important parameter is
absolute bioavailability, which is the amount of the orally administered
drug available in the body; this has an impact on its efficacy. The most
important pharmacokinetic data for all three PDE5 inhibitors are summa-
rized in Table 3.

The attractive mechanism of PDE5 inhibition for the treatment of ED,
as well as other possible therapeutic options for these type of inhibitors,
such as the treatment of female sexual dysfunction (55,56) or the treatment

Fig. 8. Key parameters of vardenafil plasma concentration curve.

Table 3
Pharmacokinetic Profiles

Vardenafil Sildenafil Tadalafil
20 mg 100 mg 20 mg

Tmax, h 0.8 1.16 2.0
T1/2, h 4.7 3.82 17.5
Cmax, μg/L 31.8 327 378
AUC, μg × h/L 96.3 1963 8066

Data derived from separate studies, values shown as means.
AUC, area under the curve.
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of pulmonary hypertension (57,58), has stimulated the search for more
highly specific inhibitors. Many of these are in the preclinical phase of
development or have just entered clinical trials for sexual dysfunction
(3,59). The most relevant are summarized in Table 4.

CONCLUSIONS

Owing to their key physiological roles, PDEs are interesting targets in
the treatment of many maladies. The special signal transduction during
sexual stimulation makes PDE5 an ideal target in the treatment of ED.
PDE5 inhibitors used for the treatment of ED have to be as selective as
possible in order to minimize undesired side effects by inhibiting other
PDEs. The expression of PDE5 in all SMCs, often together with other
PDEs, and the complex regulation of the PDEs by their own substrates
lead to several mechanism-related side effects, even with highly selec-
tive inhibitors. Concomitant use with NO-releasing compounds (e.g.,
nitrates) is not allowed with all PDE5 inhibitors based on their mecha-
nism of action.
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INTRODUCTION

In 1988, a new class of drugs was heralded by the release of sildenafil
citrate, an orally administered, potent, and selective phosphodiesterase
type 5 (PDE5) inhibitor.

Initially a candidate antianginal agent, it has now become the global
cornerstone of medical therapy for erectile dysfunction (ED). PDE5 is
found in the trabecular smooth muscle of the corpora cavernosa, as well as
in the smooth muscle of arteries and veins. It is not found in cardiac
myocytes or the cells of the conducting system. The mechanism of action
of sildenafil, as well as other PDE5 inhibitors, is to enhance the endo-
genous signal transduction process. Initially, with sexual simulation, effer-
ent neurotransmission in the cavernous nerves that innervate the trabecular
smooth muscle of the corpora cavernosa releases nitric oxide, a fleeting
neurotransmitter that diffuses into the smooth muscle cell and activates
guanylate cyclase, which in turn increases the production of cyclic GMP
(cGMP). cGMP produces, through the intracellular sequestration and
extracellular translocation of calcium, smooth muscle relaxation with sub-
sequent increased arterial inflow and veno-occlusion. Thus, cGMP medi-
ates the events of sexual stimulation. These events may be amplified
pharmacologically, through sildenafil, by decreasing the degradation of
cGMP through the inhibition of the enzyme that breaks down cGMP, PDE5.
Herein lies the means to understanding the mechanism of the organic nitrate
interaction with PDE5 inhibitors—the only absolute contraindication to
sildenafil therapy. Organic nitrates are nitric oxide donors that convert a
local phenomenon into a systemic event with potential for significant vaso-
dilation and hypotension. This nitrate contraindication is a class effect.

Sildenafil citrate, the first orally delivered selective PDE5 inhibitor,
was approved by the United States Food and Drug Administration (FDA)
as a treatment for ED in March of 1998.

To date, there have been more than 2000 peer-reviewed journal articles,
published abstracts, and medical reviews related to sildenafil, including
more than 500 peer-reviewed papers and nearly 100 cardiovascular-
related publications. Recently, three review articles have been published
that summarize the efficacy and safety of sildenafil citrate over time (1,2)
in selected clinical populations (1) and in multiple racial and ethnic groups
(3). These data provide clear support for sildenafil’s safety and long-term
efficacy in the management of ED.

INDICATIONS AND CONTRAINDICATIONS

At present, PDE5 inhibitors are approved only as on-demand (not
chronic) therapy for the treatment of ED. PDE5 is found not only in the
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smooth muscle of the corpora cavernosa but also in arterial and venous
smooth muscle. Consequently, if nitric oxide is made available systemi-
cally in the presence of a PDE5 inhibitor, systemic vasodilation and poten-
tially significant drops in blood pressure may occur. As a result, all PDE5
inhibitors are absolutely contraindicated in men receiving organic nitrates
or other nitric oxide donors. The greatest period of risk for an interaction
between a PDE5 inhibitor and a nitrate may be at most 2 h after dosing with
sildenafil and 48 to 72 h after dosing with tadalafil (4,5).

PHARMACOKINETICS AND PHARMACODYNAMICS

The three PDE5 inhibitors are separable into two groups—fast-onset
(sildenafil and vardenafil) and long-duration (tadalafil) (6–11). In addi-
tion to the biochemical properties discussed earlier, pharmacokinetic prop-
erties and effects of PDE5 inhibitors (ingestion or food interaction,
first-pass metabolism in the liver, tissue uptake, elimination) have an
impact on efficacy. There are several common pharmacokinetic param-
eters that can be measured and quantified that describe distribution and
availability of a PDE5 inhibitor (6–8).

The bioavailability, maximum plasma concentration (Cmax), time (Tmax)
required for attaining Cmax, and time (T1/2) required for elimination of one-
half of the inhibitor from plasma are all such factors. Bioavailability is the
ultimate percentage of an orally administered drug that is found in the
circulation compared with an injected dose. It is a reflection of absorption
and the effects of first-pass hepatic metabolism. Lower bioavailability can
affect inter- and intrapatient variability in efficacy and may result in drug–
drug interactions. Sildenafil has 40% bioavailability vs 15% for vardenafil.
Tadalafil has not yet been formulated for intravenous administration, and
therefore bioavailability data are not available. Sildenafil and vardenafil
have broadly similar Tmax, but the Cmax of vardenafil is significantly lower
than that for either of the other two inhibitors. This might be expected
based on the lower bioavailability. Onset of activity is faster for sildenafil
and vardenafil than it is for tadalafil. Sildenafil has the fastest onset of
action of any PDE5 inhibitor, and it may be effective as quickly as within
14 min in 35% of responders, and within 20 min in more than half of all
responders (12).

The duration of action is probably about three half-lives of a PDE5
inhibitor. The half-life of sildenafil is 3 to 5 h; therefore, sildenafil efficacy
may be seen 8 to 12 h beyond administration. The T1/2 of tadalafil is con-
siderably longer than that of the other two PDE5 inhibitors—17.5 h for
men younger than 60 yr of age and 21 h for men older than 60 yr of age (13).

The extended exposure of tadalafil is overall, 105 h, or five half-lives,
in men older than 60 yr of age and 87.5 h in men younger than 60 yr of age.
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ONSET OF ACTION OF SILDENAFIL

Data from a recent study of the minimum time to onset of erection after
dosing with 100 mg of sildenafil reveal that the drug’s onset of action may
be significantly quicker than the commonly perceived 30–60 min (time to
reach Tmax) (9). In this double-blind trial, 228 men with ED who had been
successfully treated with sildenafil for more than 12 mo were randomly
assigned to receive 100 mg of sildenafil (n = 115), or placebo (n = 113) for
4 wk. Patients recorded the time (via stopwatch) needed to obtain an
erection sufficient for sexual intercourse (as verified by diary data) after
administration of the study drug in the fasted state (>2 h). Nearly 35% of
sildenafil-treated patients reported more than one erection leading to suc-
cessful intercourse within 14 min of dosing, whereas 51% reported more
than one erection leading to successful intercourse within 20 min of dos-
ing (p < 0.05). This time to onset of erection is substantially shorter than
the 1 h assumed by most physicians and is more rapid than the onset time
obtained for vardenafil (16 min) or any other PDE5 inhibitor to date.

LONG-TERM EFFICACY AND SAFETY DATA

A recent analysis of pooled data from 11 double-blind, placebo-con-
trolled, flexible-dose studies of sildenafil in men with ED (n = 2667)
revealed that sildenafil significantly improved erectile function compared
with placebo (p < 0.02 – p < 0.0001), regardless of patient age, race, body
mass index, the presence of various comorbidities, or the etiology, sever-
ity, or duration of ED (1). Efficacy evaluations included the International
Index of Erectile Function (IIEF), a global efficacy question (GEQ) (GEQ:
“Did treatment improve your erections?”), and patient-recorded event
logs of sexual activity (1). Significantly, the efficacy of sildenafil was
maintained with long-term therapy. Few patients discontinued sildenafil
owing to inadequate response, and few required a higher dose adjustment
to sustain response. Of 2618 men with ED who participated in three 1-yr,
open-label extension studies, 89% continued to receive sildenafil at the
end of 1 yr. Satisfaction with the treatment’s effect on erections was
reported by 96% of these patients and was associated with an improved
ability to engage in sexual activity in 99% of patients. Less than 2% of
patients discontinued use owing to insufficient response. Of patients who
were followed for an additional 2 yr, satisfaction with the treatment’s
effect on erections and improved ability to engage in sexual activity was
consistently reported by 95% or more patients at each yearly assessment.
Over the 3-yr study period, 32% of patients discontinued medication;
however, of these discontinuations, only 6.7% were considered to be
treatment related (1).



Chapter 4 / Sildenafil Citrate 69

A recent 4-yr update on the safety of sildenafil provided additional
evidence of sildenafil’s positive safety profile (2). This extensive review
summarized the general, cardiovascular, and ophthalmological adverse
event profile of sildenafil in more than 7000 men with more than 13,000
person-years of exposure.

The authors concluded that sildenafil has an excellent safety profile,
noting that field experience in more than 20 million men also strongly
supports the drug’s record of high efficacy and safety. The most common
adverse events are most commonly mild to moderate in intensity and rarely
cause dropout. These adverse events include headache (13–16%), flushing
(10%), and dyspepsia (7%). Myalgia occurs in less than 1% of men taking
sildenafil.

EFFICACY AND SAFETY IN SELECTED PATIENT GROUPS

Diabetes (1)

Four 12-week, double-blind, placebo-controlled trials have evaluated
sildenafil in men with ED and underlying diabetes mellitus (1). In the first
two of these trials, 259 and 261 patients were randomly assigned to receive
placebo or sildenafil, respectively. Approximately 20% of patients had
type 1 diabetes, and 80% had type 2 diabetes. In these studies, 51–56% of
sildenafil-treated patients reported improved erections, compared with
10–12% of patients receiving placebo. The remaining studies evaluated
sildenafil in men with type 2 diabetes separately from those with type 1
diabetes. The type 2 diabetes study included 219 patients randomly
assigned to receive sildenafil (n = 110) or placebo (n = 109). After 12 wk
of treatment, mean scores for GEQ, IIEF question (Q)3 and Q4, and erec-
tile function domain had significantly improved in the sildenafil-treated
group, as had the percentage of successful intercourse attempts reported.
These improvements were statistically significant as compared with pla-
cebo (p < 0.0001). Moreover, sildenafil was effective in improving erec-
tile function even in cases of poor glycemic control or multiple chronic
complications. Efficacy was similar in a double-blind, placebo-controlled
study of 188 men with type 1 diabetes and ED.

Ischemic Heart Disease (1)

In a double-blind, placebo-controlled trial of sildenafil in men with
cardiovascular disease who were receiving one or more of either -
blockers, angiotensin-converting enzyme inhibitors, or calcium-channel
blockers, sildenafil produced a significant improvement in erectile func-
tion (GEQ and IIEF Q3 and Q4, p = 0.0001) (1).
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Hypertension (1)
A recently completed, double-blind, placebo-controlled trial assessed

the efficacy of sildenafil in 562 men with ED who were taking two or more
antihypertensive agents (two agents, n = 324; � 3, n = 235; unspecified,
n = 3) (1). Mean scores on IIEF Q3 and Q4 and erectile function domain
improved significantly in sildenafil-treated patients compared with pla-
cebo-treated patients. In addition, significantly more sildenafil-treated
patients reported improved erections (71% vs 18% in the placebo group),
and significantly more intercourse attempts were successful in the sildenafil
group (62% vs 26% in the placebo group) (p < 0.0001).

Treated Prostate Cancer (1,11,14)
In the 11 pooled trials, response rates to sildenafil were lower in men

with ED who had previously undergone radical prostatectomy compared
with men with other comorbidities. The radical prostatectomy subgroup
included a mix of men who had undergone nerve-sparing and nonnerve-
sparing surgeries. Several studies have now shown that the response to
sildenafil in men with ED who have undergone radical prostatectomy varies
with the number of neurovascular bundles spared during surgery. Reported
response rates to sildenafil have ranged from 33 to 80% for bilateral nerve-
sparing surgery, from 0 to 80% for unilateral nerve-sparing surgery, and
from 0 to 20% for nonnerve-sparing surgery. Other factors associated with
sildenafil response in men with ED after prostatectomy include pretreat-
ment erectile function, patient age, and recovery time after surgery. In
general, studies have concluded that response to sildenafil was poor during
the first 6 to 9 mo following surgery (11). An improvement in treatment
satisfaction from 26%, when sildenafil was tried during the first 6 mo after
prostatectomy, to 60%, for treatment at 18 mo to 2 yr after surgery, was
observed in one study (14). In studies assessing the effectiveness of
sildenafil in men with postradiotherapy ED, sildenafil improved erectile
function in 71% (15 of 21), 45% (27 of 60 vs 8% [5 of 60] with placebo),
77% (23 of 30), 70% (16 of 23), and 74% (37 of 50) of patients. Similar
response rates have been reported with transperineal ultrasound-guided
prostate brachytherapy with or without moderate-dose external beam
radiation, with 62% (52 of 84) and 81% (50 of 62) reporting a positive
outcome with sildenafil (1).

THE PREVENTION OF ED IN THE PATIENT
UNDERGOING NERVE-SPARING PROSTATECTOMY (15)

A recent double-blind, placebo-controlled prospective study of 76 men
with normal preoperative erectile function who underwent a bilateral nerve-
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sparing radical retropubic prostatectomy (NSRRP) performed by an expe-
rienced surgeon was the first prospective examination of the impact of
sildenafil on the return of normal erections in this population. It is also the
first such prevention study in this field (15). “Normal” erectile function
was defined as a combined score of greater than or equal to eight for Q3 and
Q4 of the IIEF and normal nocturnal penile tumescence (NPT) testing (10
continuous min of � 55% base rigidity).

Four weeks after undergoing NSRRP, patients were randomly assigned
to receive nightly dosing with either sildenafil (50 mg, n = 23; 100 mg, n =
28) or placebo (n = 25) for 36 wk. Erectile function was assessed 8 wk after
discontinuation of drug treatment (week 48) by asking the question, “Over
the past 4 wk, have your erections been good enough for satisfactory sexual
activity?” and by IIEF and NPT assessments. Patients with a combined score
of greater than or equal to eight for IIEF Q3 and Q4 and a positive response
to the abovementioned question were classified as treatment responders.
Fourteen of 51 (27%) patients receiving sildenafil demonstrated a return of
spontaneous erectile function, compared with one of 25 (4%) in the placebo
group (p = 0.0156). Postoperative NPT assessments were supportive. There
were no treatment-related serious adverse events reported; two patients dis-
continued because of treatment-related adverse events.

This study demonstrates that nightly administration of sildenafil for
9 mo after NSRRP was well tolerated and significantly increased the
return of spontaneous erections (off drug) compared with placebo. Pos-
sible mechanisms for this effect include sildenafil-induced improvement
in oxygenation at the time of nocturnal erections or postoperative neu-
ronal regeneration, or both. These results support the consideration of this
treatment regimen as an adjunct to postoperative care for NSRRP. Such
findings have not been demonstrated with the other PDE5 inhibitors.

Black and Hispanic Patients (3)

A total of 246 black and 197 Hispanic-American men were randomly
assigned to receive 50 mg of sildenafil, adjustable to 25 or 100 mg (n = 124
and n = 99, respectively) or matching placebo (n = 122 and n = 98, respec-
tively). After 6 wk of treatment, patients were given the option of switching
to the other blinded treatment for the following 6 wk. Twelve weeks of
double-blind treatment were followed by 12 wk of open-label extension.
Despite intergroup differences in the prevalence of hypertension, diabetes
mellitus, hyperlipidemia, and use of antihypertensive agents, sildenafil
treatment was both effective and well tolerated. The proportion of patients
switching to the other treatment after 6 wk was significantly higher in the
placebo group (71–85%) than in the sildenafil group (27–28%). The most
common adverse events included headache and vasodilation (3).
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THE CARDIOVASCULAR PROFILE OF SILDENAFIL

During routine outpatient cardiology visits, Kloner et al. administered
a validated five-question questionnaire, the Sexual Health Inventory for
Men (SHIM), based on the IIEF questionnaire, to 76 male patients aged 40
to 82 yr old (mean age 64 yr old) with chronic stable coronary artery
disease (CAD) (16).

Most of these men had not previously discussed ED with their cardiolo-
gists. In this population, 47% of the men were on -blockers, 92% were on
statins, and 28% were on diuretics. Fifty-three of 76 (70%) had a SHIM
score of less than 21, which is indicative of ED.

The questionnaire results demonstrated that 57 of 76 (75%) of these men
had ED or recent histories of ED. On sildenafil treatment, their SHIM
scores were 23 to 25. This score indicates near normalization of erectile
function. Clearly, ED is extremely common in the population of men with
chronic CAD who are routinely seen in cardiologists’ offices—affecting
approx 75% of men—yet most cardiologists do not ask about it. Successful
treatment of this population is readily possible using sildenafil. These
efficacy results mirror the success rates previously demonstrated in larger
studies of patients with CAD.

The cardiovascular characterization of sildenafil through Pfizer-spon-
sored and independent studies has enabled a large degree of clinical com-
fort in its use. Recently, Padma-Nathan et al. reviewed and graded the
English language-based peer-reviewed publications on oral therapies for
ED (13).

Of the nearly 95 such publications, more than 90 were related to
sildenafil, with the majority being graded as high-level scientific evidence.
In summary, sildenafil is a modest peripheral vasodilator that causes mean
maximal drops in systolic blood pressure of less than 8 mmHg, and dias-
tolic blood pressure decreases of less than 6 mmHg. It is interesting that
there is no dose-related decrease in blood pressure associated with
sildenafil. Additionally, sildenafil does not produce a reflex increase in
heart rate. Because PDE5 is not found in cardiac myocytes or cells of the
conducting system, it is not surprising that sildenafil does not change car-
diac contractility or myocardial oxygen consumption. It has no effect on
pulmonary hemodynamics in the patient with normal pulmonary artery
pressure (12).

Clinical trials are an excellent source of data for rates of myocardial
infarction and all-cause mortality. In the more than 13,000 men who have
received sildenafil in more than 130 ongoing or completed phase II–IV
clinical trials, the incidence of both myocardial infarction and all-cause
mortality has been statistically the same in the sildenafil and placebo groups
(more than 7000 of these men were in placebo-controlled trials) (2). It
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should be noted, however, that the men in clinical trials are often low to
moderate risk, and men in clinical practice who seek ED therapy may
represent a slightly higher risk population. To address this difference,
independent, as well as regulatory-based, surveillance systems exist world-
wide. The most extensive such study of more than 22,000 men (with more
than 30,000 patient-years of exposure) from the National Health System in
the United Kingdom demonstrated no increased signal for cardiovascular
morbidity or mortality when compared with the age-matched male popu-
lation (17).

There has been much misplaced concern regarding the safety of using
sildenafil in patients receiving multiple antihypertensive medications. In a
randomized, double-blind, placebo-controlled 6-wk study of the efficacy
and safety of sildenafil in men receiving multiple antihypertensives (two or
more, n = 307; 222 of which were receiving three or more antihyperten-
sives), Pickering and coinvestigators have clearly demonstrated greater
than 70% efficacy and, more important, an associated safety profile com-
parable to that seen in men not taking medications for hypertension (18,19).

Recently, an interaction between -blockers and all PDE5 inhibitors
has been noted (20–22). Although many (possibly millions) men have been
prescribed sildenafil and an -blocker without reports of adverse events,
a drug–drug interaction study has demonstrated that two of 20 men simul-
taneously receiving both 50 mg of sildenafil and 4 mg of doxazosin dem-
onstrated symptomatic hypotension. No such interaction was seen with the
25-or 100-mg dose of sildenafil. Additionally, the interaction was not seen
after 4 h or more of separation in administration. The current labeling
change indicates that doses of 50 or 100 mg of Viagra should not be taken
within 4 h of -blocker administration. A 25-mg dose of Viagra may be
taken at any time. There are -blocker interactions and contraindications
related to vardenafil (as a class) and tadalafil (excluding the 0.4-mg dose
of tamsulosin) (21,22).

In a recent report to the FDA advisory panel on the effects of vardenafil
on QTc prolongation, an executive summary report was submitted to the
committee regarding the QT/QTc interval data on sildenafil (23). To date,
no cases of QTc prolongation or torsades de pointes have been identified
in a review of clinical trials and postmarketing surveillance data in more
than 20 million men. The published independent nonclinical data consis-
tently demonstrate the lack of prolonging effect on cardiac repolarization
by sildenafil up to the highest concentration tested (0.9 μM). The QT/QTc
data from the relevant sildenafil phase I, II, and III studies provide no
evidence that up to 800 mg of sildenafil induces arrhythmias.

The major risk factors for ED include age, chronic cardiovascular dis-
eases (heart disease, hypertension, diabetes, and hyperlipidemia with or
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without depression), medications (antihypertensives and antidepressants),
and lifestyle (stress, alcohol or drug abuse, and smoking). Obviously, sig-
nificant overlap exists between the populations of men with ED and those
with CAD. In fact, the initial diagnosis of ED may help uncover clinically
silent CAD. Therefore, selection of ED therapies frequently must take into
consideration the cardiovascular risk profile of the patient. Even in healthy
individuals, sexual activity raises the relative risk of myocardial infarction.
However, the absolute risk remains exquisitely low. Most patients with CAD
can be effectively and safely treated for ED by employing PDE5 inhibitors,
particularly sildenafil. Clearly, it is important to understand the hemody-
namic effects of PDE5 inhibitors in the patient with CAD when selecting an
ED therapy. These hemodynamic effects, with respect to sildenafil, have
been examined in a number of landmark studies, including the following:
1. Invasive hemodynamic assessment of sildenafil in patients with severe

CAD at cardiac catheterization.
2. An investigation of the effects of sildenafil on coronary and peripheral

circulation and on myocardial ischemia in patients with CAD.
3. Exercise treadmill or ergometric bicycle testing in men with reproducible

angina receiving sildenafil.

HEMODYNAMIC ASSESSMENT OF SILDENAFIL
IN PATIENTS WITH SEVERE CAD (12)

In a landmark lead article in the New England Journal of Medicine,
Herrmann et al. examined the effects of 100 mg of oral sildenafil in men
with severe CAD at the time of cardiac catheterization and planned subse-
quent angioplasty (12). Study subjects included 14 men with stable angina,
at least one of whom had a severely stenosed (>70% of the vessel diameter)
coronary artery, who had been referred for percutaneous revascularization.
Nitrates were discontinued at least 24 h before the start of the study. Hemo-
dynamic measurements included arterial blood pressure, pulmonary artery
pressure, pulmonary capillary wedge pressure, and right atrial pressure.
Heart rate and cardiac output were determined by thermodilution. Sys-
temic and pulmonary vascular resistances and their indexes were calcu-
lated. Angiography was performed. Average peak velocity and coronary
flow reserve at baseline were measured before and after intracoronary
administration of adenosine. After baseline measurements were completed,
100 mg of sildenafil was administered; all measurements were repeated 45
min later. Percutaneous coronary vascularization was performed at the end
of the study. For the 14 patients (mean age ± standard deviation [SD] was
61 ± 11 yr), the mean ± SD degree of stenosis of at least one coronary artery
was 78 ± 7%. Among these men, 57% were smokers, 57% had hyperten-
sion, 43% had diabetes, and 36% had a previous myocardial infarction.
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Results
Small decreases (<10%) were observed in arterial systolic, diastolic,

and mean blood pressure and in systolic and mean pulmonary pressures.
There were no significant changes in pulmonary capillary wedge pressure,
right atrial pressure, heart rate, cardiac output, cardiac index, or calculated
systemic and pulmonary vascular resistances and their indexes. The double
product (heart rate × systolic blood pressure) also decreased.

Sildenafil produced no significant changes in average peak velocity at
baseline, coronary artery diameter, coronary blood flow, or coronary vas-
cular resistance. The hyperemic average peak velocity and coronary flow
reserve increased 13% after administration of sildenafil, however; the
effect was consistently observed in both stenosed and reference arteries.
In the 11 men in whom measurements were made in both a stenosed and
a reference artery, relative coronary reserve (ratio of coronary flow
reserve in diseased vs reference vessels) was unchanged by sildenafil
(0.57 ± 0.14 at baseline vs 0.57 ± 0.15 after sildenafil, p = 0.90).

Conclusion
No adverse cardiovascular effects of oral sildenafil were detected in

men with severe CAD. These findings support the American College of
Cardiology/American Heart Association consensus position that sildenafil
is safe for patients with stable CAD who are not taking nitrates.

THE EFFECTS OF SILDENAFIL ON CORONARY
AND PERIPHERAL CIRCULATION AND ON

MYOCARDIAL ISCHEMIA IN PATIENTS WITH CAD (24)

The effect of sildenafil on resting coronary vascular tone and on endo-
thelium-dependent and -independent function and platelet activation was
measured in 24 men in this study (24). In addition, 24 other men with CAD
and ischemia during exercise and 12 control subjects received either 100
mg of sildenafil, 10 mg of isosorbide dinitrate (ISDN), or placebo during
exercise on three separate days in a randomized, double-blind manner.
Flow-mediated dilation of the brachial artery was measured, and patients
with CAD underwent exercise treadmill testing (ETT).

Results
Sildenafil vasodilated epicardial coronary arteries (+6.9% ± 1.3%,

p < 0.0001). Coronary epicardial and microvascular responses with ace-
tylcholine and cold pressor testing improved, with greater enhancement
in patients with CAD and endothelial dysfunction. Verapamil responses
were unchanged. Both resting and adenosine diphosphate-stimulated
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platelet IIb/IIIa receptor activation was inhibited by sildenafil (p < 0.05).
Brachial arteries dilated in response to sildenafil in controls. Peak flow-
mediated dilation was similar, but the duration of hyperemia was pro-
longed after sildenafil administration (p < 0.001). Compared with
placebo, ISDN improved myocardial ischemia during ETT (p < 0.05),
whereas the effect of sildenafil was intermediate between the two.

Conclusion
Sildenafil dilates epicardial coronary arteries, improves endothelial

dysfunction, and inhibits platelet activation in patients with CAD. It has
an intermediate effect on myocardial ischemia compared with ISDN and
placebo.

THE EFFECT OF SILDENAFIL
ON EXERCISE-INDUCED ANGINA (25,26)

Arruda-Olson et al. published a randomized, double-blind, placebo-
controlled, crossover trial involving 105 men older than 40 yr of age with
ED and known or highly suspected CAD (25). CAD was defined as having
any of the following:
1. More than 50% diameter stenosis of a major epicardial artery or one of its

major branches.
2. A history of myocardial infarction.
3. A prior positive stress imaging result.
4. Previous coronary artery bypass surgery or angioplasty.
5. A high (>70%) pretest probability of CAD according to the presence of

typical angina pectoris.

Major exclusion criteria were asthma, severe aortic stenosis, hyper-
trophic obstructive cardiomyopathy, unstable angina, recent myocardial
infarction (<1 mo), congestive heart failure, or a systolic blood pressure of
less than 90 mmHg. Long-acting nitrates were discontinued 2 h before
testing. The sildenafil dose was 50 mg unless a different dose was recom-
mended by the patient’s physician.

All patients underwent two symptom-limited exercise electrocardio-
grams (EKGs) separated by 1 to 3 d; all cardioactive medications were
continued. Subjects were randomly assigned in a double-blind crossover
design, to 50 mg of sildenafil or to placebo, to be taken 1 h before the
exercise test. Baseline EKG images were obtained, and the test was repeated
1 h after drug administration. Overall, 54 and 52 men performed the exercise
test after receiving sildenafil first and second, respectively, whereas 54 and
53 men performed the exercise test after receiving placebo first and second,
respectively. Exercise EKGs were performed on a supine bicycle attached
to a table tilted 30–45° to the left. Subjects began exercising at 25 W with
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a 25-W increase at 2-min intervals. EKG imaging was performed continu-
ously during each stage of the exercise protocol. The criteria for test termi-
nation included development of symptoms, including fatigue; a decrease in
systolic blood pressure of greater than10 mmHg; ventricular dilation or
global reduction of systolic function; and significant arrhythmia.

Results
Of 110 men, 105 (sildenafil, n = 53; placebo, n = 52) were included in

the analysis. The mean age was 66 yr; 89% of men had known CAD, and
28% had typical angina pectoris. A total of 92% of men received the 50-
mg dose of sildenafil, and 7% received the 100-mg dose. The baseline EKG
result was abnormal in 56% of patients, and resting wall-motion abnor-
malities were present in 57% of patients. The mean resting ejection frac-
tion was 56%. Resting heart rate and diastolic blood pressure did not change
significantly after sildenafil administration; systolic blood pressure showed
a mean decrease of 7 mmHg (p < 0.001) with sildenafil and 3 mmHg with
placebo (p = 0.08). The rate of decrease from peak exercise was similar in
the sildenafil and placebo groups for heart rate (3%/min and 1%/min,
respectively), systolic blood pressure (3.6 mmHg/min and 3.3 mmHg/min,
respectively), and diastolic blood pressure (1.0 mmHg/min and 0.9 mmHg/
min, respectively). Resting wall motion (wall motion score index ) did not
change significantly after sildenafil administration. Exercise-induced wall
motion abnormalities developed in a similar number of men with sildenafil
(n = 84) or placebo use (n = 86), and the wall motion score index at peak
exercise was similar after sildenafil or placebo use. Symptoms of dyspnea
or angina developed in 69 men from the sildenafil group and 70 men from
the placebo group. There were no deaths, acute myocardial infarctions, or
episodes of ventricular fibrillation associated with exercise studies.

Conclusion
In this prospective, randomized, crossover study of men with ED and

known or probable CAD, sildenafil administered 1 h before exercise test-
ing was well tolerated and did not change the onset, extent, or severity of
ischemia.

In the second study, Fox et al. examined the effect of sildenafil on
exercise-induced angina in men at the time of a treadmill test (26). This was
a double-blind, parallel-group, placebo-controlled, multicenter study in
men with ED and chronic stable angina, assessing the effect of sildenafil
on time to onset of limiting angina during incremental ETT. Patients with
reproducible exercise-induced angina received a 100-mg dose of sildenafil
or placebo 1 h before treadmill exercise. The primary end point was time
to limiting angina; secondary end points included time to angina, time to
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1-mm ST-segment depression, total exercise time, blood pressure, heart
rate, and rate pressure product.

Results
In the evaluable patients, sildenafil (n = 56) significantly increased the

time to onset of limiting angina and angina, as well as exercise duration,
compared with placebo (n = 52). Adjusted treatment differences (sildenafil
minus placebo) were 19.9 ± 9.6 s (confidence interval [CI], 0.9–38.9; p =
0.04), 31.7 ± 10.7 s (CI, 10.5–53.0; p = 0.0039), and 19.5 ± 9.8 s (CI, 0.04–
38.9; p = 0.05), respectively.

Blood pressure after exercise was similar in the two treatment groups;
rate pressure product was lower after drug administration in the sildenafil
group at rest, during exercise, and throughout the recovery period. There
were no serious treatment-related adverse events.

Conclusion
Sildenafil did not adversely affect any exercise parameter in men with

severe CAD and ED; the time to limiting angina was improved by 9.8% and
4.7% with sildenafil and placebo, respectively.

COMPARATIVE PHARMACOLOGY OF PDE5 INHIBITORS

An Evidence-Based Review
The introduction of sildenafil citrate has dramatically altered the man-

agement of ED. To date, it remains the standard-bearer for PDE5 inhibi-
tors, owing in large part to a significant body of data supporting its efficacy,
safety, and excellent cardiovascular profile, as well as an enormous field
experience in more than 25 million men. Two new potential members of
the class of PDE5 inhibitors have joined sildenafil in the armamentarium
of ED treatment.

The European Commission recently issued marketing authorizations
for tadalafil and vardenafil (27,28), and both have recently been approved
by the FDA (21,22). Although pharmacologically members of the same
class of drugs, these new molecules have unique and different chemical,
pharmacokinetic, efficacy and safety profiles.

Potency, Selectivity, and Cardiovascular Profile
Similar to sildenafil, vardenafil and tadalafil are potent PDE5 inhibi-

tors. Biochemical potency is described by the IC50—the concentration of
the enzyme inhibitor needed to inhibit 50% of the activity of the enzyme.
This is a test-tube measure, and the IC50 of all three drugs is within the range
of 1 to 10 nM, although vardenafil appears to be more potent within this
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range (29). Clinical efficacy does not appear to be different within this
potency range. In fact, existing data indicate that all three drugs have
similar clinical efficacy; furthermore, in head-to-head trials, neither
tadalafil nor vardenafil appears to have reached statistical noninferiority to
sildenafil (27,29). This reflects the fact that clinical efficacy is driven by
factors other than potency (including bioavailability and dosage).

Selectivity is the differential ability to inhibit PDE5 as opposed to the
other 10 members of the PDE family. In addition to their PDE5 inhibitory
activity, both sildenafil and vardenafil appear to inhibit PDE6 at high
doses. PDE6 is the one PDE that is localized to a single organ, the eye (rods
and cones). Although PDE6 inhibition is associated with transient visual
disturbances, data on sildenafil indicate that this inhibition is not associ-
ated with significant acute or chronic effects in men with normal visual
function or in men with macular degeneration, treated glaucoma, or
nonproliferative diabetic retinopathy (2,30). Tadalafil does not inhibit
PDE6; however, it has been shown to inhibit PDE11, a dual substrate
(cGMP and cAMP) found in the anterior pituitary, testes, prostate, cardiac
myocytes, and cells of the conducting system of the heart (31). The local-
ization and the implied functional role of PDE11 are clear, but the func-
tional significance of pharmacological PDE11 inhibition is unknown and
unclear. The safety implications are fairly significant but unresolved. The
effect of PDE11 inhibition on sperm count and more particularly function
(particularly in subfertile men) remains unclear, as does its effect on
inotropism and myocardial oxygen consumption. Also unknown is the
potential impact of PDE11 inhibition on myocardial cAMP. It is conceiv-
able that PDE11 inhibition can lead to elevations in myocardial cAMP that
may increase the risk of cardiac events in men with compromised left
ventricular function, as has been seen with PDE3 inhibitors, such as
milrinone. These patients, however, have not been examined in clinical
trials. To date the effects of tadalafil and vardenafil on cardiac contractility
are unknown.

The European Agency for the Evaluation of Medicinal Products
(EMEA) analyzed data related to timing and period of responsiveness.
Despite inferences to the contrary from investigators and the sponsor (in
European marketing), the EMEA concluded that there was “no evidence
of ‘spontaneous’ drug taking not being linked to sex” and “no evidence of
‘weekend use patterns’ in subsequent days post dosing” (27).

Comparative Efficacy and Safety

Vardenafil has demonstrated efficacy in general, diabetic and post-
prostatectomy-related ED (32,33). Tadalafil has demonstrated efficacy
in general and diabetic ED (34). In head-to-head trials performed and
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released by the EMEA, however, neither drug met statistical noninferiority
criteria compared with sildenafil (1,2). Comparative head-to-head study
results made public by the EMEA indicate that tadalafil was not as effec-
tive as sildenafil. Specifically, the 5- and 10-mg doses did not reach
noninferiority vs 50 and 100 mg, respectively, of sildenafil. The EMEA
also concluded that noninferiority could not be established for the 20-mg
dose vs 50- or 100-mg doses of sildenafil, owing to the following issues:
1. Approximately half of study subjects had mild erectile dysfunction, “and

it seems there were patients included that did not suffer from erectile
dysfunction according to baseline IIEF scores.”

2. The exclusion of prior sildenafil nonresponders and of patients with
severe ED would lead to higher success rates for tadalafil.

3. Sildenafil was recommended to be taken 1 to 5 h before sexual activity—
a window that was too large and that may have diminished the efficacy of
sildenafil in the comparator trials

The EMEA also noted that in studies in which safety was analyzed, most
patients received doses of less than 20 mg. In phase III studies, total patient
exposure was only 949, of which less than a third (311 patients) received
the 20-mg dose.

In general, all PDE5 inhibitors have similar adverse effects as a result
of PDE5 inhibition—headaches, flushing, and dyspepsia (PDE5 inhibition
in lower esophageal sphincter with resultant gastroesophageal reflux dis-
ease). Although myalgia, back pain, and pain in the extremities may also
be class effects, they are only seen in the presence of high prolonged serum
levels and as such are seen only with tadalafil (27). Myalgia may occur
with tadalafil in about 12 to 16% of men, but the incidence may be as high
as 40% in younger men (27). Myalgia was indicated to be severe in 16%
of cases (27). The US label indicates that overall, tadalafil is associated
with a less than 5% incidence of myalgia when one includes all trials,
including those employing lower does than are approved in the US (22). On
the US label, it is indicated that the myalgia may last up to 48 h and may
rarely require a mild narcotic analgesic for treatment. To date, this myalgia
is not associated with rhabdomyolysis, although it is not clinically differ-
entiable from the life-threatening myalgia associated with statins.

In reviewing preclinical toxicology data, EMEA noted findings of
degeneration, vacuolation, and atrophy of seminiferous tubular epithe-
lium in mouse and dog and noted, “the clinical relevance of these find-
ings has not been addressed.” Data from two studies conducted in humans
that involved only two spermatogenic cycles did not “provide enough
reassurance for daily use in man for more than six months” (27).

Vardenafil has recently been approved for use in the United States by the
FDA (21). On the US label, an absolute contraindication to using vardenafil
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exists for both organic nitrates and all -blockers. Vardenafil, 10 or 20 mg,
was given either simultaneously or 6 h after 10 mg of terazosin. With
simultaneous dosing of 10 mg of vardenafil and terazosin, six of eight
subjects had hypotension (standing systolic blood pressure of less than 85).
With simultaneous dosing of 20 mg of vardenafil and terazosin, two of nine
subjects had hypotension (standing systolic blood pressure of less than 85).
When 20 mg of vardenafil was separated in dosing from terazosin by 6 h,
seven of 28 subjects had hypotension (standing systolic blood pressure of
less than 85).The administration of lower doses of vardenafil with 
blockers has not been examined. Such studies are currently planned (21).

Despite only minor QT prolongation (<10 ms), the label indicates that
vardenafil should be “avoided in patients with congenital QT prolongation
or in those taking Class IA (e.g., quinidine or procainamide) or Class III
(e.g., amiodorone, sotalol) antiarrhythmic medications.” Further drug–
drug interaction studies of QT have been requested postapproval (21).

OTHER PDE5 INHIBITORS

Nearly half a dozen PDE5 inhibitors are in preclinical or early clinical
development. One particular PDE5 inhibitor that offers a unique selectiv-
ity profile (similar to sildenafil) and the potential for both rapid onset (Tmax,
1 h) and longer duration (T1/2, 11 h) is DA8159 (DongA Pharmatech, Seoul,
Korea). This compound does not have an excessive half-life and therefore
can be used for both chronic dosing for ED and daily dosing for such
entities as pulmonary artery hypertension.

CONCLUSION

Sildenafil has demonstrated unsurpassed efficacy, tolerability, and car-
diovascular safety in both clinical trials and clinical practice. Evidence-
based medicine would support it as the first-line PDE5 inhibitor for the
management of ED.

REFERENCES

1. Carson CC, Burnett AL, Levine LA, et al. (2002) The efficacy of sildenafil citrate
(Viagra®) in clinical populations: an update. Urology 60(Suppl 2B):12–27.

2. Padma-Nathan H, Eardley I, Kloner R, et al. (2002) A four-year update on the safety
of sildenafil citrate (Viagra). Urology 60(Suppl 2B):67–90.

3. Young JM, Bennett C, Gilhooly P, Wessells H, Ramos DE. (2002) Efficacy and
safety of sildenafil citrate (Viagra) in black and Hispanic American men. Urology
60(Suppl 2B):39–48.

4. Oliver JJ, Bell K, Leckie SM, et al. (2002) Interaction between Glyceryl Trinitrate
and Sildenafil Citrate May Last Less Than Four Hours. Paper presented at the
10th World Meeting on Impotence Research. International Society for Sexual and
Impotence Research, Montreal, Canada, Sept.



82 Padma-Nathan

5. Kloner RA, Hutter AM, Emmick JT, Mitchell MI, Denne J, Jackson G. (2003) Time
course of the interaction between tadalafil and nitrates. J Am Coll Cardiol 42:1855–
1860.

6. Muirhead GJ, Rance DJ, Walker DK, et al. (2002) Comparative human pharmaco-
kinetics and metabolism of single-dose oral and intravenous sildenafil citrate. Br J
Clin Pharmacol 53(Supp 1):13S–20S.

7. Rajagopalan P, Mazzu A, Xia C, et al. (2003) The effect of high-fat breakfast and
moderate-fat evening meal on the pharmacokinetics of vardenafil, an oral phos-
phodiesterase-5 inhibitor for the treatment of erectile dysfunction. J Clin Pharmacol
43:1–8.

8. Patterson. (2002) Presented at European Society for Sexual and Impotence Re-
search (ESSIR), Rome.

9. Padma-Nathan H, Stecher V, Sweeney M, et al. (2003) Minimal time to successful
intercourse after sildenafil citrate: results of a randomized, double-blind, placebo-
controlled trial. Urology 62:400–403.

10. Porst H, Padma-Nathan H, Giuliano F, et al. (2003) Efficacy of tadalafil in the
treatment of erectile dysfunction at 24 and 36 h after dosing: a randomized clinical
trial. J Urol 62:121–125; discussion, 125–126.

11. McCullough AR. (2001) Prevention and management of erectile dysfunction fol-
lowing radical prostatectomy. Urol Clin North Am 28:613–627.

12. Herrmann HC, Chang G, Klugherz BD, et al. (2000) Hemodynamic effects of
sildenafil in men with severe coronary artery disease. N Engl J Med 342:1622–
1626.

13. Wyllie MG. (2003) The Second International Consultation on Erectile Dysfunc-
tion. BJU Int 92(6):645–646..

14. Hong EK, Lepor H, McCullough AR. (1999) Time dependent patient satisfaction
with sildenafil for erectile dysfunction (ED) after nerve-sparing radical retropubic
prostatectomy (RRP). Int J Impot Res 11(Suppl 1):S15–S22.

15. Padma-Nathan H, McCullough A, Giuliano F, et al. (2003) Postoperative Nightly
Administration of Sildenafil Citrate Significantly Improves the Return of Normal
Spontaneous Erectile Function after Bilateral Nerve-Sparing Radical Prostatec-
tomy (abstract). Paper presented at the American Urological Association Annual
Meeting, Chicago, IL, April 27.

16. Kloner RA, Mullin SH, Shook T, et al. (2003) Erectile function in the cardiac
patient: how common and should we treat? J Urol 170:S46–S50.

17. Shakir SAW. (2002) ESSIR Annual Meeting. Hamburg, Germany.
18. Mancia G, Pickering TG, Glasser D, et al. (2002) Efficacy of Viagra (Sildenafil

Citrate) in Men with Erectile Dysfunction and Hypertension Who Are Taking
Multiple Antihypertensive Medications. Paper presented at the American Society
of Hematology Annual Meeting, New York, NY.

19. Pickering TG, Mancia G, Glasser D, et al. (2002) Safety of Viagra (Sildenafil
Citrate) in Men with Erectile Dysfunction and Hypertension Who Are Taking
Multiple Antihypertensive Medications. Paper presented at the American Society
of Hematology Annual Meeting, New York, NY.

20. Viagra, USPI Labeling, September 2002.
21. Levitra, USPI Labeling, 2003.
22. Cialis, USPI Labeling, November 2003.
23. Pfizer (2003) Overview of relevant sildenafil data: absence of adverse outcomes

potentially related to QT prolongation—five yr of post-marketing experience.
Executive summary. Paper presented to the Cardiovascular and Renal Drugs
Advisory Committee, May 29.



Chapter 4 / Sildenafil Citrate 83

24. Halcox JPJ, Nour KRA, Zalos G, et al. (2002) The effect of sildenafil on human
vascular function, platelet activation and myocardial ischemia. J Am Coll Cardiol
40:1232–1240.

25. Arruda-Olson AM, Mahoney DW, Nehra A, et al. (2002) Cardiovascular effects of
sildenafil during exercise in men with known or probable coronary artery disease:
a randomized crossover trial. JAMA 287:719–725.

26. Fox KM, Thadani U, Ma PT, et al. (2001) Time to onset of limiting angina during
treadmill exercise in men with erectile dysfunction and stable chronic angina: effect
of sildenafil citrate (in press; presented AHA 2001, Anaheim, CA).

27. European Agency for the Evaluation of Medicinal Products (EMEA). (2002) Com-
mittee for Proprietary Medicinal Products European Public Assessment Report:
Cialis—international non-proprietary name: tadalafil (CPMP/3960/02). London,
UK: European Agency for the Evaluation of Medicinal Products.

28. European Agency for the Evaluation of Medicinal Products (EMEA). (2003) Com-
mittee for Proprietary Medicinal Products European Public Assessment Report:
Levitra—international non-proprietary name: vardenafil (CPMP/6210/02). Lon-
don, UK: European Agency for the Evaluation of Medicinal Products, 2003.

29. Bischoff E, Niewohner U, Haning H, et al. (2001) The inhibitory selectivity of
vardenafil on bovine and human recombinant phosphodiesterase isoenzymes
(Poster 113). Int J Impot Res 13(Supp l4):41.

30. Laties A, Zrenner E. (2002) Viagra (sildenafil citrate) and ophthalmology. Prog
Retin Eye Res 21:485–506.

31. Fawcett L, Baxendale R, Stacey P, et al. (2000) Molecular cloning and character-
ization of a distinct human phosphodiesterase gene family: PDE11A. Proc Natl
Acad Sci USA 97:3702–3707.

32. Porst H, Rosen R, Padma-Nathan H, et al. (2001) The efficacy and tolerability of
vardenafil, a new, oral, selective phosphodiesterase type 5 inhibitor, in patients
with erectile dysfunction: the first at-home clinical trial. Int J Impot Res 13:192–
199.

33. Hellstrom WJG, Gittleman M, Karlin G, et al. (2002) Vardenafil for treatment of
men with erectile dysfunction: efficacy and safety in a randomized, double-blind,
placebo-controlled trial. J Androl 23: 763–771.

34. Brock GB, McMahon CG, Chen T, et al. (2002) Efficacy and safety of tadalafil for
the treatment of erectile dysfunction: results of an integrated analysis. J Urol
168:1332–1336.



Chapter 5 / Tadalafil 85

85

From: Oral Drug Therapy of Sexual Dysfunction
Edited by: G. Broderick © Humana Press Inc., Totowa, NJ

5

INTRODUCTION

Tadalafil (Cialis®) is an oral medication indicated for the treatment of
erectile dysfunction (ED). This chapter reviews the current state of knowl-
edge of the pharmacodynamics, pharmacokinetics, effectiveness, and
safety of tadalafil. Data are derived from clinical trials involving more
than 5700 men with mild to severe ED of various causes regardless of the
presence of major comorbidities, such as diabetes and hypertension.

In clinical studies, tadalafil has been shown to have a unique pharma-
cokinetic profile, which includes a long duration of action, up to 36 h (1).
This has the potential to provide couples with increased flexibility by
minimizing the need to schedule sexual activity around time of day.
Additionally, one study has shown that the rate and extent of tadalafil
absorption is not affected by the presence of high-fat food, which also
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translates into increased flexibility for couples by minimizing the need
to schedule sexual activity around mealtimes (2).

PHARMACODYNAMICS AND PHARMACOKINETICS

Site and Mechanism of Action
Tadalafil is a selective inhibitor of the enzyme phosphodiesterase type

5 (PDE5), one of a family of 11 PDEs that degrade cyclic guanosine mono-
phosphate (cGMP) and/or cyclic adenosine monophosphate (cAMP).
Compared with other agents in the class of PDE5 inhibitors, tadalafil has
a unique chemical structure (Fig. 1).

Tadalafil is also considered to be highly selective for PDE5 and is more
selective for PDE5 than for any other PDEs (3–5). For example, tadalafil
is more than 10,000-fold more potent for PDE5 than for PDE1, PDE2,
PDE4, and PDE7 enzymes, which are found in the heart, brain, blood
vessels, liver, leukocytes, skeletal muscles, and other organs. In addition,
tadalafil is 9000-fold more potent for PDE5 than for PDE8, PDE9, and
PDE10 and 14-fold more potent for PDE5 than for PDE11A1, an enzyme
found in human skeletal muscle. The physiological role and clinical rel-
evance of PDE11 inhibition in humans, however, have not been deter-
mined (4–6).

PDE5 is found in high concentrations in the corpus cavernosum of
the penis and, to a lesser extent, in vascular smooth muscle cells. Because
PDEs are found in a variety of tissues and are implicated in a broad range
of cellular functions, the selectivity for PDE5 over other PDEs may
have clinical relevance for adverse events. For example, tadalafil is a
weak inhibitor of PDE6, which is found in high concentrations only in

Fig. 1. Tadalafil is a selective inhibitor of the enzyme phosphodiesterase type 5
(PDE5), one of a family of 11 PDEs that degrade cyclic guanosine monophosphate
or cyclic adenosine monophosphate, or both. Tadalafil has the empirical formula
of C22H19N3O4, representing a molecular weight of 389.41. Compared with other
PDE5-inhibiting agents, tadalafil has a unique structure (see ref. 5).
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the photoreceptors of the retina. This lower affinity of tadalafil for PDE6
may explain the low incidence of visual adverse effects reported in clini-
cal trials in patients receiving the drug. Inhibition of PDE6 is thought to
underlie the visual disturbances sometimes reported by patients taking
PDE5 inhibitors, such as sildenafil (7).

The mechanism by which tadalafil inhibits PDE5 and improves erections
in men with ED requires an understanding of the physiology of the erectile
response to sexual stimulation (8,9). During sexual stimulation, nitric oxide
(NO) released from nonadrenergic, noncholinergic (NANC) neurons and
endothelial cells stimulates guanylate cyclase to produce cGMP, which in
turn decreases intracellular calcium levels. This ultimately results in the
relaxation of the vascular smooth muscle and increased blood flow into the
corpus cavernosa, followed by penile erection (8,9).

Tadalafil augments this naturally occurring NO-cGMP pathway by
inhibiting PDE5-induced cGMP degradation, thereby increasing levels
of cGMP and ultimately enhancing erectile function (4). This has been
demonstrated in vitro using tissue taken from men with ED undergoing
surgery for penile implantation (3). Consistent with increased cGMP
levels, tadalafil, like other PDE5 inhibitors, also enhances sodium nitro-
prusside (SNP)-induced relaxation of corpus cavernosum and penile
arterial tissues, as well as relaxation induced by NO stimulation and by
acetylcholine (10). In vivo, this process results in penile erection in the
presence of sexual stimulation. Because sexual stimulation is required to
initiate the local release of NO, the inhibition of PDE5 has no effect in
the absence of sexual stimulation (5,9).

Absorption, Distribution, Metabolism, and Excretion

Pharmacokinetic studies conducted in healthy subjects show that
tadalafil is rapidly absorbed, with mean peak plasma levels observed
between 30 min and 6 h (median time of 2 h) after single oral-dose
administration (5,11–13). Tadalafil exhibits linear pharmacokinetics
over the dosage range of 2.5 to 20 mg, and steady-state plasma concen-
trations are attained within 5 d of once-daily dosing, with exposure approx
1.6-fold greater than after a single dose (5). At therapeutic concentra-
tions, 94% of tadalafil in plasma is protein bound, but, as indicated by its
large apparent volume of distribution, tadalafil is widely distributed in
tissues (5,14). In vitro studies indicate that tadalafil is metabolized via
cytochrome P450 3A4 (CYP3A4), but tadalafil itself is neither an inhibi-
tor nor an inducer of CYP3A4. This has been confirmed by clinical
pharmacology studies of tadalafil given in combination with other sub-
strates (lovastatin, midazolam) for CYP3A4, or with an inhibitor
(ketoconazole) or inducer (rifampin) of CYP3A4 (15). No dosing adjust-
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ment of tadalafil is warranted when taken in combination with CYP3A4
inducers (5). Studies have shown that drugs inhibiting CYP3A4 can
increase tadalafil exposure. Based on study results, in patients taking
concomitant potent CYP3A4 inhibitors, the dose of tadalafil should not
exceed 10 mg, and the dose should not be taken more frequently than
once every 72 h (5).

Notably, tadalafil has an elimination half-life of 17.5 h, considerably
longer than the half-lives of the other drugs in this class (i.e., sildenafil
[3–5 h] and vardenafil [4–5 h]) (1,16,17). With respect to metabolism, no
active metabolites of tadalafil have been identified. Tadalafil is excreted
predominantly as inactive metabolites mainly in the feces (61% of the
dose) and, to a lesser extent, in the urine (36% of the dose) (5).

Clinical pharmacology studies have examined the effects of tadalafil on
pharmacokinetics in special populations (i.e., elderly patients and those
with diabetes, renal impairment, or hepatic insufficiency). For healthy,
elderly male subjects (65 yr or older), a lower oral clearance of tadalafil
was observed, resulting in 25% higher exposure (area under the dose-
response curve [AUC]) with no effect on Cmax relative to that observed in
healthy subjects 19 to 45 yr of age. No dose adjustment is warranted based
on age alone; however, greater sensitivity to medications in some older
individuals should be considered (2,5).

In the case of patients with mild or moderate hepatic impairment, the
maximum dose should not exceed 10 mg, and use in patients with severe
hepatic impairment is not recommended. No dose adjustment is required
in patients with diabetes or with mild renal insufficiency. For patients with
moderate renal insufficiency, tadalafil should be limited to 5 mg not more
than once daily, with the maximum dose limited to 10 mg not more than
once every 48 h. In patients with severe renal insufficiency or end-stage
renal disease, tadalafil should be limited to 5 mg not more than once daily
(5). Likewise, common extrinsic factors appear to exert no influence on
tadalafil’s pharmacokinetics. For instance, the presence of high-fat food
affects neither the rate nor the extent of tadalafil absorption; thus, tadalafil
may be taken with or without food (Fig. 2) (2,5).

Although previous studies showed no pharmacodynamic interactions
between tadalafil and alcohol (2,12), recent studies show that both alcohol
and PDE5 inhibitors, including tadalafil, are mild systemic vasodilators.
When mild vasodilators are taken in combination, blood pressure-lower-
ing effects of each individual compound may be increased. Substantial
consumption of alcohol (e.g., 5 units or greater) in combination with
tadalafil can increase the potential for orthostatic signs and symptoms,
including increase in heart rate, decrease in standing blood pressure, diz-
ziness, and headache (5).
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Onset and Duration of Action
In one study, significantly greater penile rigidity (as measured by

RigiScan® [Timm Medical Technologies, Eden Prairie, MN] and compared
with placebo) was observed at an average of 45 min after subjects took a
single 10-mg dose of tadalafil. Achievement of erection was observed as
early as 16 min after subjects took a single 20-mg dose (13).

Although tadalafil has a relatively fast onset of action, comparable with
that of other PDE5 inhibitors, its long half-life and consequent prolonged
duration of action sets it apart from other drugs in this class. Several studies
have been conducted to determine whether tadalafil’s rapid appearance in
the blood and long half-life translate into a quick onset of action and pro-
longed period of responsiveness in terms of erectile function (1,6,13,18).

One multicenter, randomized, double-blind, placebo-controlled study
to determine the duration of action of tadalafil was divided into two 4-wk
intervals of treatment. Men with mild to severe ED were provided with two
20-mg doses of tadalafil for at-home use and, in one 24-h treatment inter-
val, were asked to attempt sexual intercourse. In a separate 36-h treatment

Fig. 2. Common extrinsic factors appear to exert no influence on the pharmaco-
kinetics of tadalafil. For example, the presence of high-fat foods affects neither the
rate nor the extent of tadalafil absorption; thus, tadalafil may be administered with
or without food. (From ref. 2.)
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interval, men were also asked to attempt intercourse (1). In response to
Question (Q) 3 of the Sexual Encounter Profile (SEP) (i.e., “Did your
erection last long enough to have successful intercourse?”), more than
60% of men taking tadalafil reported having successful intercourse at
24 h and 64% at 36 h after dosing (p < 0.001). Tadalafil was effective for
36 h, with 59% of sexual intercourse attempts at 36 h being successful in
patients randomly assigned to receive the 20-mg dose, compared with
28% for placebo (Table 1) (1).

The integrated analysis of trials in which patients took tadalafil without
restriction on food or alcohol intake also showed that 79–80% of attempts
at sexual intercourse made between 4 and 36 h after tadalafil dosing were
successful (18). A subsequent analysis of 11 clinical trials involving more
than 2000 men with ED confirmed the long period of responsiveness with
tadalafil, with the mean-per-patient rate of successful intercourse attempts
ranging from 65.5% (at 30 min–1 h) to 73.4% (at 24–36 h) after a single
20-mg dose of tadalafil (19).

The long period of responsiveness to tadalafil allows couples to take full
advantage of the long duration of effectiveness associated with ED medi-
cation (20). In another study assessing the period of responsiveness after
taking tadalafil, 82% of men with ED attempted sexual intercourse at least
once in the 4 to 36 h after dosing. As many as 59% of men in this study
attempted intercourse between 12 and 36 h (20). Clearly, tadalafil repre-
sents a new step forward in the pharmacotherapy of ED by removing
restrictions associated with other PDE5 inhibitors on the timing of sexual
activity. The pharmacokinetic profile of tadalafil has the potential to allow
couples increased flexibility, reducing the need to plan and schedule sexual
activity under time constraints. This is a key consideration for couples
seeking real-life sexual effectiveness.

EFFICACY OF TADALAFIL
IN THE TREATMENT OF MEN WITH ED

Effectiveness in the General Population

Tadalafil significantly improves erectile function (EF), as assessed by
a variety of determinants of efficacy, including the following: the EF
domain of the International Index of Erectile Function (IIEF), which
classifies erectile function into five levels ranging from normal (26–30)
to severe (�10) (21); SEP Q2 and Q3 (22); and the global assessment
questions (GAQ) (18,23–25).

The SEP Q2 asks patients, “Were you able to insert your penis into your
partner’s vagina?” The SEP Q3 offers the key question, “Did your erection
last long enough for you to have successful intercourse?”
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The GAQ 1 and 2 are self administered at the end of the treatment period
during efficacy studies. For the GAQ 1, the patient is asked, “Has the
treatment you have been taking during the study improved your erec-
tions?” GAQ then follows with Q2, “If ‘yes,’ has the treatment improved
your ability to engage in sexual activity?” (22). Using these assessment
tools, several studies have been conducted to determine the effectiveness
of tadalafil. Clinical trials have supported its efficacy and tolerability in a
broad population of men with ED (6).

The integrated analyses of randomized, double-blind, placebo-controlled
trials confirm the efficacy of tadalafil, particularly at doses of 10 and 20 mg,
according to a variety of end points (18,19,23,26). One integrated analysis
consisted of five trials including 1112 men, some with comorbidities of
hypertension or diabetes, and most with ED of more than 1-yr duration. After
a 4-wk, no-treatment baseline period, patients received fixed daily doses of
tadalafil (2.5–20 mg) or placebo in an at-home setting for the next 12 wk.
Patients were instructed to take the study medication as needed before sexual
intercourse, without restriction on food, alcohol use, or timing of sexual
activity. At the end point of these studies, the men responded to the GAQ,
which asked whether the treatment had improved their erections. Results
showed that the majority of men who received 10 or 20 mg of tadalafil felt
that treatment had improved their erections (p < 0.001) (Fig. 3).

Fig. 3. At the 12-wk end point, a statistically significant response to the global
assesment question, “Has the treatment you have been taking improved your
erections?” was achieved by men who received 2.5 mg (p < 0.05) through 20 mg
(p < 0.001) of tadalafil (18). GAQ, global assessment question.
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Lower doses of tadalafil were less effective than 10 or 20 mg but still
elicited significantly more positive responses than placebo (18).

When EF was assessed by the EF domain of the IIEF, significant
improvement was observed at all doses of tadalafil (p < 0.001 vs placebo)
(18). Importantly, by the end point of the studies, normal erectile function
(defined by an IIEF EF domain score of 26 or more out of a possible 30)
was attained by 59% of men receiving 20 mg of tadalafil and 40% of men
receiving 10 mg of tadalafil, compared with 11% of those receiving pla-
cebo (p < 0.001) (Fig. 4).

A subsequent analysis of 11 randomized, double-blind, 12-wk efficacy
trials conducted in more than 2000 patients indicated that tadalafil is effec-
tive regardless of the baseline severity of ED. Thus, normal erectile func-
tion was attained with 20 mg of tadalafil by 40% of men who had severe
ED at baseline (vs 3% for placebo control, p < 0.001) (26).

In the integrated analysis of five trials, improved EF as measured by
SEP diary was accompanied by an increased number of successful
attempts at vaginal penetration (SEP Q2) and completion of intercourse
(SEP Q3) (18). In this study, 57 to 80% of attempts at penetration were
successful in men receiving 5 to 20 mg of tadalafil, compared with 48%
in men receiving placebo (p < 0.001). More than twice the attempts at
intercourse were successful in men taking 20 mg of tadalafil than in men

Fig. 4. Normal erectile function at end point (defined by an International Index of
Erectile Function Erectile Function domain score of 26 or more out of a possible
30) was attained by 59% of men taking 20 mg of tadalafil and 40% of men
receiving 10 mg of tadalafil vs 11% receiving placebo (p < 0.001). IIEF, Interna-
tional Index of Erectile Function (18).
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taking placebo (75% vs 32%, p < 0.001), with lower doses also being
effective (Fig. 5) (18).

In addition, the majority of men experienced successful intercourse after
taking their very first dose of tadalafil, 10 or 20 mg (56% and 67%, respec-
tively, vs 31% for placebo, p < 0.001). Moreover, even men with severe ED
experienced a 46 to 68% success rate for intercourse through the first four
doses of 10 or 20 mg of tadalafil (vs 20% for placebo, p < 0.001) (27).

Overall, studies conducted in clinical settings that mimic real-life situ-
ations, without restriction on food, alcohol, or timing of sexual activity,
show that tadalafil provides effective early treatment of ED irrespective of
its cause or severity. In addition, factors, such as age and ethnicity, do not
appear to influence the response to tadalafil. In the integrated analysis of
five randomized trials, the efficacy of tadalafil was similar in patients older
than 65 yr and in their younger counterparts (18). Tadalafil was similarly
effective in a study conducted in the United States and Puerto Rico, which
included men of diverse ethnic origin (73% white, 13% Hispanic, 13%
black, and 1% Asian) (28) and in two primary US efficacy and safety trials
(78% white, 14% black, 7% Hispanic, and 1% other ethnicities) (5,29).

Effectiveness in Men With Comorbid Diabetes
Diabetes is a common comorbidity in men with ED. Several studies

have explored the effectiveness of tadalafil in this patient population. One

Fig. 5. In the integrated analysis of five trials, the percentage of successful
intercourse attempts, as measured by Sexual Encounter Profile Question 3, was
reported by 75% of men taking 20 mg or less of tadalafil vs 32% of men taking
placebo (p < 0.001). SEP, Sexual Encounter Profile; Q, question (18).
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study investigated men (n = 216) with type 1 or type 2 diabetes. Most men
in this study had moderate to severe ED (72%) and a diagnosis of type 2
diabetes (>90%), with more than 80% having only fair (HbA1C > 7.0–9.5%)
to poor (HbA1C > 9.5%) diabetes control. Nearly 40% of the patients also
had hypertension; 22% had microvascular complications, including retin-
opathy or neuropathy; and 18% had hypercholesterolemia. Patients were
eligible whether or not they had responded to previous ED therapy, includ-
ing sildenafil (30).

As in studies of the general population of men with ED, studies of men
with comorbid diabetes (n = 216) benefited from using tadalafil. The erec-
tile function in most men improved significantly, with more than a six-point
(with 10 mg) or seven-point (with 20 mg) increase in scores for the EF
domain of the IIEF (compared with a 0.1 increase for placebo [p < 0.001])
at end point. Both doses of tadalafil, 10 and 20 mg, were superior to placebo
in improving successful vaginal penetration (SEP Q2). The end points
(change from baseline) were 30% (–4%), 57% (22%), and 54% (23%) for
placebo, 10 mg of tadalafil, and 20 mg of tadalafil, respectively (5).

Similarly, end-point scores for successful intercourse attempts (SEP
Q3) were more pronounced in patients receiving 20 mg of tadalafil, (51%)
or 10 mg (44%), vs 16% for those taking placebo (p < 0.001) (Fig. 6) (10).

By the end of the 12-wk treatment period, 56% and 64% of men taking
10 and 20 mg, respectively, of tadalafil, compared with 25% receiving

Fig. 6. The percentage of successful intercourse attempts (Sexual Encounter Pro-
file Question 3) reported in patients with type 1 or type 2 diabetes was 51% for men
taking 20 mg of tadalafil and 44% for men taking 10 mg of tadalafil, compared with
16% for placebo (p < 0.001). SEP, Sexual Encounter Profile; Q, question (10).
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placebo, responded positively to the GAQ (p < 0.001). These benefits were
observed irrespective of the level of diabetes control (30). Many of the
patients in this study had long-standing, fairly advanced diabetes, and,
given the level of morbidity of the patient population, the effects of tadalafil
were clinically noteworthy.

Effectiveness in Men After Postprostatectomy
ED is a frequent complication of radical prostatectomy. Despite improve-

ments in surgical techniques used in prostatectomy, trauma to neurovascular
bundles leaves many patients with ED. In fact, more than 50% of patients
who undergo prostatectomy procedures will have ED (31). In one study, the
effects of tadalafil were examined in men who had developed ED after
bilateral nerve-sparing radical retropubic prostatectomy (BNRRP). After a
4-wk no-treatment baseline period, patients received 20 mg of tadalafil or
placebo as needed for the next 12 wk. Patients who received tadalafil had
significantly improved EF, with a five-point increase in scores for the
EF domain of the IIEF (compared with a one-point increase for placebo
[p < 0.001]). (An increase of just five points in the IIEF EF domain is con-
sistent with an improvement, such as moving from severe to moderate ED
or from moderate to mild ED). By the end of the 12-wk treatment period, the
group of all randomized patients receiving 20 mg of tadalafil after BNRRP
had significantly better rates of successful intercourse attempts (41%) than
those receiving placebo (19%) (p < 0.001) (Fig. 7) (32).

Fig. 7. By the end of the 12-wk treatment period, patients after bilateral nerve-
sparing radical retropubic prostatectomy who were receiving 20 mg of tadalafil
had significantly better rates of successful intercourse attempts (41%) than those
receiving placebo (19%) (p < 0.001). BNRRP, bilateral nerve-sparing radical
retropubic prostatectomy; SEP, Sexual Encounter Profile; Q, question (32).
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All randomized patients responded positively to the GAQ (62% with
20 mg of tadalafil vs 23% with placebo; p < 0.001). Additionally, encour-
aging results for patients with this type of ED were observed in a subgroup
of men who exhibited at least some erection or tumescence at baseline and
experienced an even better response to tadalafil than subjects in a separate
study. Another study showed that after nerve-sparing surgery, the highest
dose of a PDE5 inhibitor, such as tadalafil, is usually the most effica-
cious dose, and that best results are seen 12 mo after surgery (32).

Dosage and Administration
The recommended starting dose of tadalafil in most patients is 10 mg,

taken before anticipated sexual activity. The dose may be increased to
20 mg or decreased to 5 mg once per day, based on individual efficacy
and tolerability. No dose adjustment of tadalafil is required in patients
older than 65 yr age, in patients with diabetes, or in patients with mild
renal insufficiency (5).

SAFETY OF TADALAFIL
IN THE GENERAL POPULATION OF MEN WITH ED

Safety in Clinical Trials
Clinical trials conducted with tadalafil show it to be safe and generally

well tolerated. The most common treatment-emergent adverse events
reported in men receiving 20 mg of tadalafil are headache and dyspepsia,
which are mild or moderate in severity and transient in nature (18). Flush-
ing and myalgia have also been reported to occur with somewhat greater
frequency among men taking tadalafil than among those receiving pla-
cebo (1), but the incidence of flushing and myalgia among 804 men
taking up to 20 mg of tadalafil was 5% or less (Table 2) (18).

Table 2
Tadalafil Tolerability a

Patients reporting event (%)

Placebo 20 mg Tadalafil
Adverse event (n = 308) (n = 804)

Headache 6 14
Dyspepsia 2 10
Back pain 5   6
Mylagia 2   5
Nasal congestion 4   5
Flushing 2   4

a Phase II/III: adverse events �2%.
From ref. 18.
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A similar profile of adverse events was observed in men with comorbid
diabetes. In these men, only dyspepsia occurred with significantly greater
frequency in men taking tadalafil (11%) than in men taking placebo (0%)
(p < 0.005) (30). No clinically significant changes in the electrocardio-
gram, vital signs, or blood chemistry have been observed with tadalafil.
Notably, there has been only one report of visual disturbance, consisting of
abnormal color vision, among men receiving tadalafil (18). As discussed
earlier, tadalafil lacks selectivity for the PDE6 isoenzyme, which may
explain the low incidence of visual disturbances. For this reason, tadalafil
as a therapy for ED has been suggested as an option in patients with retin-
opathy (33). In addition, no visual disturbances were reported among men
with comorbid diabetes, including those with diabetic retinopathy (30).

Lack of Adverse Effects on Spermatogenesis

Studies conducted in 421 men, either healthy or with mild ED, have
found no evidence that tadalafil has adverse effects on spermatogenesis.
Tadalafil had no clinically relevant effect on sperm concentration, sperm
count per ejaculate, sperm motility, or sperm morphology. Similarly,
tadalafil has no effect on serum levels of testosterone, luteinizing hor-
mone, or follicle-stimulating hormone (5,34).

Drug–Drug and Drug–Food Interactions
Common extrinsic factors appear to exert no influence on the pharma-

cokinetics of tadalafil. For example, in a clinical pharmacology study
conducted in 18 healthy subjects, on the effect of food on tadalafil absorp-
tion, the mean plasma tadalafil concentration was similar among sub-
jects who received a single 20-mg dose of tadalafil after eating a high-fat
meal and among subjects who fasted, indicating that tadalafil may be
taken with or without food. This study also demonstrated that the pres-
ence of high-fat food affects neither the rate nor the extent of tadalafil
absorption (2).

Other drug interactions do exert influence on the pharmacokinetics of
tadalafil. For example, since tadalafil is metabolized predominantly by
CYP3A4 in the liver, the dosage should be limited to 10 mg not more than
once every 72 h in patients taking potent inhibitors of CYP3A4, such as
ritonavir and ketoconazole. In addition, drugs that induce CYP3A4, such
as rifampin (600 mg daily), reduce tadalafil exposure. Although specific
interactions have not been studied, other CYP3A4 inducers, such as car-
bamazepine, phenytoin, and phenobarbital, would likely decrease tadalafil
exposure. No dose adjustment is warranted, however (5).

In addition, tadalafil did not potentiate the increase in bleeding time
caused by aspirin. Simultaneous administration of an antacid (magnesium
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hydroxide/aluminum hydroxide) and tadalafil reduced the apparent rate of
absorption of tadalafil without altering exposure AUC to tadalafil, and no
dose adjustment is warranted (5).

Long-Term Safety

The long-term safety of tadalafil has been assessed in 1173 patients
enrolled in an ongoing, international, open-label study. Of the patients
enrolled, most (870) had been exposed to 10 or 20 mg of tadalafil daily
for at least 1 yr, with 991 being exposed to these dosages for more than
6 mo. Adverse events experienced by patients in the long-term study
generally reflected those observed in the shorter-term studies. Headache
and dyspepsia were the most frequently reported treatment-emergent
adverse events, with incidence rates of 15% and 11%, respectively. Other
adverse events reported with a frequency of 6 to 10% included infection,
back pain, rhinitis, flu syndrome, pain, and a need for surgical proce-
dures.

Overall, tadalafil was associated with good safety and tolerability for
the treatment of ED in a broad range of patients using the drug for periods
up to 1 yr. Few subjects in this study discontinued use because of adverse
events (35).

SAFETY OF TADALAFIL IN MEN
WITH CARDIOVASCULAR DISEASE

PDE5 is found in the smooth muscle cells of systemic arteries and veins,
and inhibitors of this isoenzyme act as mild vasodilators. Through relax-
ation of vascular smooth muscle, the hemodynamic effects of the PDE5
inhibitors can have major implications for the treatment of ED, especially
in patients with comorbid cardiovascular conditions, such as coronary
artery disease (CAD) and hypertension. Because patients with cardiovas-
cular disease (CVD) typically receive multiple drug regimens to control
angina, hypertension, and other cardiac conditions, potential drug interac-
tions between PDE5 inhibitors and agents used for management of these
conditions are particularly important (36,37).

Effects of Tadalafil on Blood Pressure

Study results consistently show that tadalafil treatment has little effect
on systemic arterial pressure. This is supported by data reported on more
than 5700 subjects treated with tadalafil in more than 22 clinical trials
(5,38,39). One study, conducted in 80 healthy subjects, showed that single
doses of 10 or 20 mg of tadalafil have only modest effects on systolic blood
pressure (SBP) or diastolic blood pressure (DBP) (Fig. 8) (38).
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Continued dosing once a day for 10 d revealed no clinically significant
changes in standing or supine SBP or DBP or in heart rate. Additionally,
20 mg of tadalafil, administered to healthy male subjects produced no
significant difference compared with placebo in supine SBP and DBP
(difference in the mean maximal decrease of 1.6 and 0.8 mmHg, respec-
tively) and in standing SBP and DBP (difference in the mean maximal
decrease of 0.2 and 4.6 mmHg, respectively). In addition, there was no
significant effect on heart rate (5,38,39).

The modest hemodynamic effects of tadalafil in healthy subjects are
reflected in the analyses of five placebo-controlled studies in a general
population of men with ED and of one in men with comorbid diabetes.
Men with significant CVD (for example, history of myocardial infarc-
tion, unstable angina, uncontrolled hypertension) were excluded from
these studies. Blood pressure and heart rate were measured at baseline
and at monthly intervals until the end of the 12-wk treatment period. No
clinically or statistically significant effects on SBP or DBP or heart rate
were observed over a range of doses of tadalafil (2.5–20 mg) compared
with placebo (p � 0.300) (38,39).

Incidence of Adverse Cardiovascular Effects in Clinical Trials
Patients receiving tadalafil would appear to be at no greater risk for

cardiovascular-related side effects, including flushing, dizziness, hyper-

Fig. 8. Study results consistently show that tadalafil treatment has little effect
on systemic systolic blood pressure (SBP) and diastolic blood pressure (DBP),
supported by data reported in more than 5700 subjects treated with tadalafil over
22 clinical trials. One study, conducted in 80 healthy subjects, showed that
single doses of 10 or 20 mg of tadalafil have only modest effects on SBP or DBP.
(From ref. 38. Copyright © 2002, with permission from European Society of
Cardiology.)
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tension, and syncope, than are patients taking placebo because the inci-
dence of these adverse events is low (0.1–3.7%) and not statistically sig-
nificantly different among the two patient populations (39). Importantly,
the rate of myocardial infarction  among patients taking tadalafil (0.43 per
100 patient-years) was no greater than that among a group of age-standard-
ized men (Table 3) (5,38,40).

Despite these assurances from the clinical trial database, the potential
cardiac risk of sexual activity in patients with pre-existing CVD should be
considered (5,38).

Effects of Tadalafil on Exercise Tolerance
Because ED and CAD may often coexist, a study was conducted in men

with stable CAD who demonstrated ischemia during a screening exercise
test to examine the effects of tadalafil on physical exercise at a workload
similar to that experienced during sexual activity (41). The study was a
randomized, double-blind, two-way crossover design in which patients
(aged 53–75 yr) received 10 mg of both placebo and tadalafil on separate
occasions approx 2 to 2.5 h before exercise. As assessed by the primary end
point of time to limiting ischemia, tadalafil did not affect the exercise time
or time to ischemia in these men. The mean difference in total exercise time
was 3 s (10 mg of tadalafil minus placebo), which represented no clinically
meaningful difference (Table 4) (5,41).

Effects of Tadalafil on Cardiac Electrophysiology
The effect of a single 100-mg dose of tadalafil on QT interval, which

represents ventricular depolarization and repolarization, was evaluated at
the time of peak tadalafil concentration in a randomized, double-blind,
placebo- and active (intravenous ibutilide)-controlled crossover study in
90 healthy males 18 to 53 yr of age. The mean change in QTc (Fridericia
QT correction) for tadalafil, relative to placebo, was 3.5 ms (two-sided
90%, confidence interval = 1.9, 5.1). The mean change in QTc (individual
QT correction) for tadalafil, relative to placebo, was 2.8 ms (two-sided
90%, confidence interval = 1.2, 4.4). A 100-mg dose of tadalafil (five times
the recommended dose) was chosen because this dose yields exposures
covering those observed on coadministration of tadalafil with potent
CYP3A4 inhibitors. In this study, the mean increase in heart rate associ-
ated with a 100-mg dose of tadalafil compared with placebo was 3.1 beats
per min. These changes are not likely to be clinically relevant (5,38).

Drug Interactions Between Tadalafil and Nitrates
Like other PDE5 inhibitors, clinical pharmacology studies show that

tadalafil (5–20 mg) potentiates the hypotensive effect of nitrates. This is
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thought to result from the combined effects of nitrates and tadalafil on the
NO-cGMP pathway. Therefore, administration of tadalafil to patients who
are using any form of organic nitrates, either regularly or intermittently, is
contraindicated (5,36,42).

Results of a recent placebo-controlled study to assess the degree of
interaction between nitroglycerin and tadalafil showed that 20 mg of
tadalafil enhanced the hypotensive effects of sublingual nitroglycerin
(NTG) for up to 24 h after tadalafil dosing. In this study, a significant
interaction between tadalafil and NTG was observed at each time point up
to and including 24 h. At 48 h, by most hemodynamic measures, the inter-
action between tadalafil and NTG was not observed, although a few more
tadalafil subjects compared with those receiving placebo experienced a
decrease in blood pressure at this point in time. After 48 h, the interaction
was not detectable. In emergency situations in which nitrate administra-
tion is deemed medically necessary, at least 48 h should elapse after the last
dose of tadalafil before nitrate administration is considered. In such cir-
cumstances, nitrates should still only be administered under close medical
supervision and patient monitoring (5,36,42,43).

Drug Interactions Between Tadalafil and -Blockers
Another potential drug interaction exists between PDE5 inhibitors and

blockers. In a drug-interaction study, when 20 mg of tadalafil was admin-
istered to healthy subjects taking doxazosin (8 mg daily), an 1-adrenergic
blocker, there was a significant augmentation of the blood pressure-lower-

Table 4
Tadalafil: Total Exercise Time/Time to Ischemia a

Lower 95% CI
Placebo 10 mg Tadalafil Mean for the mean
(n = 23) (n = 23) difference b  difference c

(min:sec) (min:sec) (min:sec) (min:sec)

Mean ± SD 13:31 ± 2:08 13:36 ± 1:59 0:03 –0:14
Minimum   9:12   9:19 0:03 (noninferior
Maximum 17:15 16:36 0:03  to placebo)

a 1.5-mm change from baseline to ST segment depression.
b Mean difference between tadalafil, 10 mg, and placebo in the least squares method.
c Mean difference between tadalafil, 10 mg, and placebo.
In patients with coronary artery disease, tadalafil, 10 mg, did not reduce total exercise

time/time to ischemia during exercise stress testing when compared with placebo. CI,
confidence interval; SD, standard deviation.

From ref. 41.
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ing effect of doxazosin. When 20 mg of tadalafil was administered to healthy
subjects taking 0.4-mg once-daily tamsulosin, a selective 1A-adrenergic
blocker, no significant decreases in blood pressure were observed. There-
fore, administration of tadalafil to patients taking any -blocker other than
0.4 mg of once-daily tamsulosin is contraindicated in the United States (5).

Drug Interactions Between Tadalafil
and Other Antihypertensives

Although tadalafil, like other PDE5 inhibitors, is a vasodilator that may
augment the blood pressure-lowering effects of antihypertensive agents,
recent data show that tadalafil is safe in patients receiving two or more
concomitant antihypertensive agents (38,43). According to an analysis of
data from six placebo-controlled phase III studies of interactions between
tadalafil and commonly prescribed antihypertensive agents, a comparison
of patients receiving and not receiving antihypertensive therapy showed
comparable incidence rates of cardiovascular events. No statistically sig-
nificant differences were observed between tadalafil and placebo in the
mean changes in blood pressure from baseline in patients taking concomi-
tant antihypertensive therapy. Hypotension or postural hypotension was
not reported in any tadalafil-treated patients, compared with a report of
each in the placebo-treated patients. Additionally, syncope was reported in
one tadalafil-treated patient (0.1%) who was not receiving concomitant
antihypertensive medication and in two patients (1.9%) who received pla-
cebo with concomitant antihypertensive agents. In clinical pharmacology
studies evaluating the combined efforts of tadalafil and various antihyper-
tensive agents on blood pressure, the additional blood pressure reduction
observed was generally mild, and there was no increase in hypotensive
symptoms. In addition, the studies demonstrated no difference in adverse
events in patients taking tadalafil with or without antihypertensive medi-
cations (38,43).

SUMMARY AND CONCLUSIONS

Tadalafil is a highly selective PDE5 inhibitor that is safe and effica-
cious for the treatment of ED. Clinical evidence generally demonstrates
the favorable safety and efficacy profiles of the PDE5 inhibitors in most
patient populations, including men with stable ischemic heart disease
and those receiving therapy with antihypertensive agents (other than

-blockers). These general properties also hold true for tadalafil, which
provides clinical benefits regardless of the cause or severity of ED and
may be safely used in men with comorbid conditions, such as diabetes
and hypertension in men following prostatectomy.
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In both healthy men and those with cardiovascular disease, PDE5
inhibitors generally produce only mild vasodilation and minimal hemo-
dynamic effects and are not associated with increases in myocardial infarc-
tion or death rates in controlled clinical trials. Clinical evidence with
tadalafil is consistent with this general statement, and it is important to note
that the majority of patients assessed at low cardiovascular risk may be
safely treated with tadalafil. Tadalafil is not associated with serious cardio-
vascular adverse events, although, like other PDE5 inhibitors in its class,
its use is contraindicated in patients taking any form of organic nitrates.
When chest pain occurs more than 48 h after tadalafil administration,
however, nitrates may be used under close medical supervision. In addi-
tion, tadalafil is contraindicated with the use of blockers other than
0.4 mg of once-daily tamsulosin because of the potential for additive hypo-
tensive effects. There are no reports of increased risk of cardiovascular
mortality or morbidity after use of tadalafil, and the drug does not affect
exercise tolerance or time to ischemia during physical activity.

With its pharmacokinetic properties, which include a long duration of
action (up to 36 h), tadalafil represents a distinctly unique profile in the
pharmacotherapy of ED. The 36-h duration of action of tadalafil may
provide couples with increased flexibility by minimizing the need to sched-
ule sexual activity, thereby potentially increasing patient–partner satisfac-
tion. Additionally, the fact that neither the rate nor the extent of tadalafil
absorption is affected by the presence of high-fat food also translates into
increased flexibility for couples concerned about delayed onset of action
or reduced efficacy.
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INTRODUCTION
The Place of PDE5 Inhibitors

in the Treatment of Erectile Dysfunction
There can be little doubt that the introduction into clinical practice of

oral phosphodiesterase type 5 (PDE5) inhibitors has had a major and
positive impact on the quality of life in men with erectile dysfunction
(ED) of various causes. PDE5 inhibitors have largely supplanted less
subjectively appealing local treatments for ED, such as vacuum constric-
tion devices, penile self-injection therapy, transurethral alprostadil, and
inflatable penile prostheses, as first-line therapy in the majority of men
seeking treatment for ED. The first of these PDE5 inhibitors was sildenafil
(Viagra™). In spite of the benefits of sildenafil, its ocular effect, which
manifests as dose-related changes in blue-tinted vision in some patients,
reflects its weak inhibition of PDE6 and lack of selectivity.

Furthermore, the Men’s Attitude Towards Life Events and Sexuality
(MALES) study (1,2) has indicated that many patients remain dissatisfied
or apprehensive about treatment, indicating the need for a continuing
search for viable alternative approaches to the treatment of ED by PDE5
inhibition.
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The MALES Study
To evaluate the prevalence of self-reported sexual dysfunction, a repre-

sentative sample of 27,838 adult males (aged 20–75 yr) in eight countries
across Europe and North and South America* were interviewed between
February and April of 2001 using a standard questionnaire (1). As such, it
is the largest survey about ED yet conducted. Overall, the prevalence of
self-reported ED in this population was 16%. In European and South
American countries, the prevalence of ED was similar and ranged between
10 and 14%, but the prevalence was higher in the United States (22%). This
may be related to the higher prevalence of diabetes and depression in the
US, both of which are risk factors for ED.

Of the total cohort, 4422 men self-reported ED (16%); approximately
half of these indicated that they had never sought treatment for ED. Of the
population of 3291 men with self-reported ED who participated in phase II
of the study, 28% of respondents had tried a PDE5 inhibitor† at least once,
and about a quarter (23% of 749) respondents expressed dissatisfaction
with it. Commonly cited reasons for such dissatisfaction and abandonment
of use of a PDE5 inhibitor were suboptimal hardness of erection (34% of
255 respondents), complete failure of therapy (34%), and lack of reliability
of therapy (22%). When asked what they were seeking in ED therapy,
reliability was the most important concern, cited by 47% of respondents. Of
those subjects with ED who had never used a PDE5 inhibitor, or had used
it only once, 42% of 2542 respondents cited safety concerns as the reason
for avoiding its use.

Thus, the MALES study has shown the following:
• ED is an undertreated condition.
• Men with ED were not wholly satisfied with treatment with a PDE5

inhibitor at the time of the study.
• Patients with ED need to be counseled to overcome safety concerns about

PDE5 inhibitors.
• Those with ED represent a population of subjects with unmet need.
• There is an ongoing need for effective and reliable PDE5 inhibitor treat-

ment.
• Rapid onset and reliability are important treatment attributes.

Furthermore, in a sample of 2912 men with ED (2), the perceived severity
of self-reported ED strongly correlated with both the perception that the
condition is permanent and a reduction in sexual activity (p < 0.0001). The
perceived severity, however, did not correlate with the temporal duration of
ED. Analysis of these data also indicates that men who self-report mild ED

*United States, n = 6162; United Kingdom, n= 3024; Germany, n= 3163; France,
n = 3018; Italy, n = 3249; Spain, n = 3121; Mexico, n = 3046; Brazil, n = 3055.

†At the time of the survey, only one PDE5 inhibitor (sildenafil) was available.
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are more likely to describe their problem as a temporary one of maintaining
an erection. Those who self-report moderate ED are more likely to cite
difficulties achieving a sufficiently good erection, and about half believe that
the problem is temporary. In contrast, men who self-report severe ED are
more likely to report being unable to achieve an erection at all and that the
problem is permanent, with a substantial loss of their previous level of sexual
activity.

These data collectively provide an insight into the perceptions that
patients with ED have of their condition that may be of value to clinicians in
their understanding of the treatment-seeking behavior of men with ED. These
findings also support the contention that new treatment options are needed.
A number of alternative PDE5 inhibitors have been identified that aim to
build on the attributes of PDE5 inhibition as the first-line treatment of ED,
while limiting the drawbacks, both real and perceived, as well as enhancing
patient choice. One of these, vardenafil (Levitra®), a highly selective (and the
most potent in vitro) PDE5 inhibitor that is currently available, has been
extensively evaluated in a comprehensive clinical development program.
This chapter reviews the evidence gathered from this program.

CLINICAL PHARMACOKINETICS
AND METABOLISM OF VARDENAFIL

Pharmacokinetic Studies
SINGLE-DOSE PHARMACOKINETICS

Pharmacokinetic studies in men with ED (age range, 22–59 yr) have
shown that oral vardenafil is rapidly absorbed, with peak plasma concentra-
tions (Cmax) occurring approx 45 min (tmax) after dosing (Fig. 1; Table 1) (3).

Fig. 1. Mean plasma concentration-time curves for vardenafil after a single dose of
10-, 20-, and 40 mg in men with erectile dysfunction. Data from two studies (3).
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Table 1
Single-Dose Pharmacokinetic Profile of Vardenafil

After 10-, 20-, and 40 mg in Men with ED (Mean ± SD)

Vardenafil

10 mg 20 mg 20 mg 40 mg
Parameter (n = 18) (n = 18) (n = 21) (n = 21)

tmax (h) 0.9 0.7 0.7 0.7
(range) (0.3–2.5) (0.4–3.0) (0.3–2.6) (0.3–3.0)

Cmax (μg/L) 9.0 ± 1.7 19.4 ± 1.8 19.3 ± 1.7 50.8 ± 1.7
Cmax,norm (103 kg/L) 69.0 ± 1.7 73.7 ± 1.8 79.7 ± 1.8 105.0 ± 1.8

AUC (μg·h/L) 33 ± 1.6 73 ± 1.9 70 ± 1.8 164 ± 1.5
AUCnorm 249 ± 1.6 276 ± 1.9 288 ± 1.9 335 ± 1.5
(103·kg·h/L)

t1/2 4.3 ± 1.3 3.9 ± 1.3 4.4 ± 1.3 4.8 ± 1.2

Data from two studies (3).
AUC, area under the curve; ED, erectile dysfunction.

Cmax and the area under the time-concentration curve (AUC) are linearly
dose related between 10 and 20 mg of vardenafil, such that Cmax,norm and
AUCnorm are similar for both doses, although dose linearity is lost at 40 mg.
The maximum recommended dose of vardenafil is 20 mg.

The elimination of vardenafil is monophasic and rapid (see Fig. 1), with
a plasma half life (t1/2) of 4 to 5 h (see Table 1).

MULTIPLE-DOSE PHARMACOKINETICS

A multiple-dose evaluation of 40 mg/d of vardenafil over 14 d in seven
healthy male volunteers showed a similar pharmacokinetic profile to that
seen after a single dose, with no evidence of accumulation (4).

EFFECT OF AGE ON THE PHARMACOKINETICS OF VARDENAFIL

The effect of age on the pharmacokinetics of vardenafil has also been
evaluated (5). In a comparison of a single oral dose of 40 mg of vardenafil
in fasted healthy men aged 18 to 45 yr (n = 8) and older than 65 yr (n = 9),
tmax was similar in both groups (0.6 and 0.5 h, respectively), although the
plasma half-life (t1/2) was slightly longer in the older group (6 h) than in
the younger group (4.8 h). Cmax and AUC values for men older than 65 yr
were 134% and 152% respectively, of those for men younger than 45 yr,
suggesting that a starting dose of 5 mg of vardenafil would be appropriate
in an elderly population with uptitration to 10 or 20 mg as needed.
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EFFECT OF FOOD AND ALCOHOL

The effect of food on the pharmacokinetics of vardenafil has been evalu-
ated in a single-dose study of 20 mg of vardenafil in 25 healthy adult males
in a four-way crossover study (6). Vardenafil was administered in the
morning after an overnight fast, after a high-fat breakfast, on an empty
stomach in the evening, and after a moderate-fat evening meal. Results
showed that although a high-fat meal may alter Cmax slightly and delay tmax

for up to 1 h compared with fasting conditions, a moderate-fat meal had no
clinically relevant effect on the pharmacokinetics of vardenafil.

A three-way, placebo-controlled crossover study of the effect of alcohol
(given as ethanol, 0.5 g/kg of body wt) on the pharmacokinetics of a single
dose of 20 mg of vardenafil in 12 healthy male subjects showed that the
profile of each is unaffected (7). There were no changes in vital signs
(systolic and diastolic blood pressure and heart rate) during their concomi-
tant administration beyond those seen with alcohol alone.

Given that subsequent phase III clinical trials, which were not specific
in terms of food or alcohol intake, showed good clinical efficacy across a
spectrum of men with ED (discussed in detail later) without unexpected
sequelae, dose modifications of vardenafil on the basis of food or alcohol
intake are not warranted.

DISTRIBUTION AND METABOLISM OF VARDENAFIL

Vardenafil and its major metabolite (M1) are highly protein bound in
plasma (93–95%), and the volume of distribution of vardenafil (208 L)
suggests widespread tissue distribution.

Vardenafil undergoes extensive first-pass metabolism in the liver by the
cytochrome P450 system, primarily by the CYP3A4 isoform, to the major
metabolite M1, which is active and contributes about 7% of the pharma-
cological activity of vardenafil. After oral dosing, vardenafil and its meta-
bolites are primarily eliminated fecally (91–95%) and to a lesser extent in
the urine (2–6%) (8).

VARDENAFIL IN IMPAIRED RENAL FUNCTION

The effect of renal impairment on the pharmacokinetics of a single
oral dose of 20 mg of vardenafil has been evaluated in 32 fasted male
Caucasians aged 30 to 75 yr with normal renal function (creatinine clear-
ance [CRCL] >80 mL/min; n = 8) and in patients with renal impairment
that was mild (CRCL >50–80 mL/min; n = 8), moderate (CRCL >30–50
mL/min; n = 8) or severe (CRCL �30 mL/min, but not on dialysis; n = 8)
(9). Plasma levels of vardenafil were only slightly higher (21–31%) in
patients with moderate or severe renal impairment, with no statistically
significant association between pharmacokinetic parameters and CRCL

values. Although renal clearance was reduced in more severe cases of
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renal impairment, less than 1% of drug was excreted in the urine, consis-
tent with biotransformation and subsequent predominant biliary and fecal
excretion. Based on these pharmacokinetic data, it is unlikely that men
with mild or moderate renal impairment who are taking vardenafil for ED
would require dose adjustment. In patients with severe renal impairment,
a starting dose of 5 mg should be considered, with uptitration to 10 or 20 mg
based on tolerability and efficacy.

DRUG INTERACTIONS

Because vardenafil is extensively metabolized hepatically by the P450
enzyme system, concomitant administration of vardenafil with drugs that
are potent CYP3A4 inhibitors, such as ketoconazole, itraconazole, indina-
vir, or ritonavir, can be expected to produce markedly increased plasma
levels of vardenafil. For concomitant use with ritonavir or indinavir, a
maximum single dose of 2.5 mg of vardenafil should not be exceeded.
Because ritonavir prolongs vardenafil elimination half-life five- to sixfold,
no more than a single 2.5-mg dose of vardenafil should be taken in a 72-h
period by patients also taking ritonavir. Patients taking indinavir should not
exceed a vardenafil dosage of 2.5 mg once daily. If a 2.5-mg dose of
vardenafil is not available, concomitant use of vardenafil and ritonavir or
indinavir is contraindicated.

If used in combination with ketoconazole and itraconazole, a maximum
dose of 5 mg of vardenafil should not be exceeded. For patients taking
ketoconazole or itraconazole in a dosage of 200 mg daily, a single dose of
5 mg of vardenafil should not be exceeded in a 24-h period. Patients taking
400 mg of ketoconazoledaily, or 400 mg of itraconazole daily, should not
exceed 2.5 mg of vardenafil once daily. If a 2.5-mg dose is not available,
vardenafil must not be taken with doses of ketoconazole and itraconazole
higher than 200 mg. A maximum dose of 5 mg of vardenafil should not be
exceeded if used in combination with erythromycin.

A comprehensive series of drug interaction studies have been conducted
with vardenafil (refer to the Summary of Product Characteristics for var-
denafil).

To date, interaction studies with antacids, cimetidine, ranitidine, digoxin,
nifedipine, nitroglycerin, and low-dose aspirin have been published and are
summarized in Table 2.

Summary of the Pharmacokinetics of Vardenafil
• Vardenafil is rapidly absorbed, with peak plasma concentrations (Cmax)

occurring approx 45 min (tmax) after oral dosing.
• Vardenafil is rapidly eliminated, with a plasma half-life (t1/2) of 4–5 h.

The principal route of elimination is the fecal route, and there is no
accumulation when vardenafil is taken once daily.
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• Although a high-fat meal may reduce Cmax and delay tmax slightly, food
does not appear to affect the efficacy of vardenafil.

• Vardenafil and alcohol do not potentiate the effects of each other.
• Dose adjustment of vardenafil is unlikely to be needed in most patients

with renal impairment.
• The metabolism of vardenafil is cytochrome P450-dependent, so the con-

comitant use of potent CYP34A inhibitors should be avoided.
• A comprehensive series of interaction studies has, to date, revealed no

areas of particular concern, although, in common with all PDE5 inhibi-
tors, concomitant use of nitrates is a class-related absolute contraindi-
cation.

PHASE III CLINICAL TRIALS WITH VARDENAFIL IN ED
Vardenafil in a Broad Population of Men With ED

THE NORTH AMERICAN PIVOTAL TRIAL

The North American pivotal trial (16) reported that in a broad popula-
tion of men with various causes and severity of ED, vardenafil in general
safely, substantially, and consistently improved erectile function (EF)
regardless of baseline severity.

Subjects and Methods

This 26-wk, randomized, placebo-controlled, parallel-group trial of
three fixed doses of vardenafil (5, 10, or 20 mg) was conducted at 54
investigational sites across the United States and Canada and recruited 805
eligible men with ED of various causes and severity. To be eligible, adult
men were required to have experienced at least a 50% failure rate in main-
taining an erection sufficient to achieve satisfactory intercourse on at least
four separate attempts over a previous 4-wk treatment-free period, for
reasons that were not attributable to anatomical, surgical, or traumatic
causes.

The demographic and baseline ED characteristics of the trial subjects
were well matched across each randomized group in terms of age (57–58
yr), race, (77–82% caucasian), duration of ED from the time of diagnosis
(2.9–4.2 yr), and severity of ED. Thirty to 45% reported severe ED (as
measured by the International Index of Erectile Function [IIEF] question-
naire) (17) (EF score <10), and 22 to 37% reported ED of moderate severity
(IIEF EF score of 11–16) at baseline. In more than half the subjects in all
groups (54–61%), there was an organic cause of ED, and there was a
psychogenic cause in only 7 to 9%; the remainder was of mixed etiology.
Medical comorbidity was common across each of the groups and included
hypertension, prostatic hyperplasia, diabetes, depression, and previous
myocardial infarction. The majority (66–77%) of subjects had used
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sildenafil previously. Thus, this was a broad population of men that may
typically present with ED in a normal clinical practice setting.

Of the 805 eligible subjects, 197 were randomly assigned to receive
placebo, 205 were assigned to receive 5 mg of vardenafil, 206 were assigned
to receive 10 mg of vardenafil, and 197 were assigned to receive 20 mg of
vardenafil. Subjects were instructed to take their randomized medication
(no more than one dose per calendar day) approx 1 h before intended sexual
intercourse, with no special instructions regarding food intake and alcohol
consumption to reflect a normal living situation as much as possible. Sub-
jects continued treatment for 26 wk.

Overall, 295 subjects (37%) discontinued study treatment before 26 wk,
comprising 54% of placebo-treated subjects (most commonly a result of
insufficient therapeutic effect [20%]) and 31% of subjects treated with
vardenafil. In the vardenafil groups, the most common causes of discon-
tinuation were insufficient therapeutic effect in the 5-mg group (13%),
“lost to follow-up” in the 10-mg group (10%), and adverse events of any
cause in the 20-mg group (8%). Of the 805 randomized subjects, 749 were
eligible for analysis of efficacy and 762 for safety evaluations in that they
had received at least one dose of study medication and had had at least one
postbaseline assessment.

Efficacy Measures

The primary efficacy measures in this trial were the EF domain score
(questions (Q) 1–5 and 15 of the IIEF questionnaire) after 12 wk and the
subjects’ response to the Sexual Encounter Profile (SEP) Q2 (“Were you
able to insert your penis into your partner’s vagina?”) and Q3 (“Did your
erection last long enough to have successful intercourse?”) (18).

Secondary efficacy end points were these outcome measures after 4,
8, 18, and 26 wk of treatment, as well as the responses at wk 12 and 26,
to the Global Assessment Questionnaire (GAQ) question, “Has the treat-
ment you have been receiving over the past 4 wk improved your erec-
tions?”

Improvements in EF Domain Scores

All doses of vardenafil consistently and significantly improved all
three primary efficacy outcomes. Moreover, these benefits were sus-
tained to 26 wk, demonstrating the reliability of continuing treatment
with vardenafil. The significant improvements in EF from baseline com-
pared with placebo are shown in Fig. 2, which also illustrates a dose-
response relationship for EF domains.

At wk 12, compared with the scores of subjects who were randomly
assigned to receive the 5-mg dose, EF domain scores were significantly
higher in subjects receiving vardenafil at doses of 10 mg (p < 0.01) and
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20 mg (p < 0.001). The dose superiority of 10 and 20 mg of vardenafil
over the 5-mg dose also persisted at wk 26 (p < 0.0001).

In addition, the ability of vardenafil to normalize EF (EF domain score
�26) was correlated with the baseline severity of ED. In subjects with mild
ED at baseline (EF domain score of 22–25), 89% (n = 9) and 79% (n = 14)
of subjects achieved a normalized EF score with 10 and 20 mg of vardenafil,
respectively.

This contrasts with 21% (n = 14) who received placebo. In subjects with
severe ED at baseline (EF domain score � 10), 40% (n = 76) of subjects
achieved a normalized EF score with 20 mg of vardenafil, compared with
only 4% who received placebo.

Improvements in SEP Scores

Improvements in SEP scores were concordant with improvements in EF
domain scores. The mean success rates for vaginal penetration (SEP Q2)
and maintenance of erection to completion of intercourse (SEP Q3) after
12 wk of treatment were significantly superior to the rates for placebo at
all doses of vardenafil (p < 0.0001) (Fig. 3A,B).

Fig. 2. Improvements in erectile function (International Index of Erectile Function )
domain scores in subjects with erectile dysfunction after 12- and 26-wk treatment with
5, 10, and 20 mg of vardenafil compared with placebo. IIEF, International Index of
Erectile Function; ITT, intent-to-treat.
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Fig. 3. Improvements in Sexual Encounter Profile (SEP) items question (Q)2 and
Q3 in subjects with erectile dysfunction after 12- and 26-wk treatment with 5, 10, or
20 mg of vardenafil compared with placebo. (A) The proportion of subjects respond-
ing affirmatively to SEP Q2, showing improvements in the rate of successful vaginal
penetration. (B) Proportion of subjects responding affirmatively to SEP Q3, showing
improvements in the maintenance of an erection to successful completion of inter-
course. ITT, intent-to-treat.

For both SEP Q2 and SEP Q3, the improvements were also dose-related,
and the superiority of vardenafil over placebo for these outcome measures
at 12 wk was maintained at 26 wk.
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Although SEP Q2 scores changed little from baseline with placebo,
there was a 1.5- to twofold increase over baseline in the success rate of
vaginal penetration with vardenafil (see Fig. 3A). Similarly, the change
from baseline in the rate of successful intercourse (SEP Q3) was greater
with vardenafil (a 3.6- to 4.5-fold increase) than with placebo (see Fig. 3B).
These benefits of vardenafil were apparent at both wk 12 and 26.

Time Course of Improvements

The principal efficacy measure of treatment with vardenafil in the North
American pivotal trial was the difference from results with placebo in IIEF
EF domain scores and SEP Q2 and SEP Q3 scores at wk 12. To gain a
broader picture of the time course of improvements in these outcome
parameters before wk 12 (and between wk 12 and 26), the scores for these
parameters at 4, 8, and 18 wk have been examined (19). This analysis has
shown that treatment with all doses of vardenafil resulted in significantly
greater improvements than placebo at wk 4 in the IIEF EF domain score
(p � 0.0017), as well as in SEP Q2 (p = 0.007), and SEP Q3 (p = 0.014)
scores. Moreover, the improvements at wk 8 were comparable with those
at wk 4 and at wk 12 and beyond. This analysis, therefore, has shown that
not only is the efficacy of vardenafil durable, but its desirable effects also
occur early in the course of treatment.

Improvements in GAQ

The proportion of affirmative (“yes”) responses to the GAQ item (“Has
the treatment you have been receiving over the past 4 wk improved your
erections?”) was significantly higher in subjects receiving any dose of
vardenafil compared with placebo at both 12 and 26 wk (p < 0.0001)
(Fig. 4).

Up to 85% of subjects treated with vardenafil reported an improvement
in erections. Again there was an apparent dose–response relationship with
a greater proportion of subjects (80.9%) receiving 20 mg of vardenafil
giving an affirmative response to this GAQ item at 12 wk than those receiv-
ing 5 mg (64.5%).

Satisfaction With Treatment

In addition to the primary and secondary objective measures of the
success of treatment just described, additional efficacy analyses were con-
ducted based on responses to subjective diary questions about erection
quality, satisfaction with the sexual experience, and ability to ejaculate. As
well as the EF domain scores of the IIEF questionnaire, which formed the
primary efficacy outcome measure of this study, data collected from the
IIEF Intercourse Satisfaction Domain (Q 6–8) and the Orgasmic Function
Domain (Q 9 and 10) have also been reported (Table 3) (20).
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Vardenafil improved parameters associated with the subjective percep-
tions of sexual intercourse, with the 10- and 20-mg doses being consis-
tently significantly superior to placebo for all parameters (p < 0.01).
Overall, compared with placebo, treatment with all doses of vardenafil
resulted in up to a threefold increase in satisfaction with erection hardness
(p < 0.01), a more than twofold increase in satisfaction with the sexual
experience (p < 0.01), and a significant increase in the ability to ejaculate
(p < 0.01). Moreover, all doses of vardenafil significantly improved IIEF
domain scores for intercourse satisfaction (p < 0.01), and doses of 10- and
20 mg significantly improved orgasmic function (p < 0.01) compared with
placebo.

Summary of the Findings of the North American Pivotal Trial
• In men with ED of various causes and severity, vardenafil (compared with

placebo) achieved clinically meaningful and statistically significant dose-
dependent improvements in erectile function (IIEF EF scores), successful
vaginal penetration (SEP Q2), and maintenance of erection to successful
completion of intercourse (SEP Q3) from 4 wk, which was sustained to
26 wk with continued treatment.

Fig. 4. Proportion of subjects with erectile dysfunction who completed 12 and 26 wk
of treatment with 5, 10, or 20 mg of vardenafil or placebo and responded affirmatively
to the Global Assessment Question, “Has the treatment you have been receiving over
the past 4 weeks improved your erections?”
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• Normal erectile function was restored in up to 89% of men with mild ED
and in 39% of men with severe ED treated with vardenafil, as measured
by the IIEF EF domain scores, compared with only 21% and 4%, respec-
tively, in subjects receiving placebo. Compared with baseline, treatment
with vardenafil resulted in a 1.5- to twofold improvement in the success
rate of vaginal penetration (SEP Q2) and a 3.6- to 4.5-fold improvement
in successful completion of intercourse (SEP Q3) in men with ED. Cor-
responding changes with placebo were substantially lower.

• Vardenafil improved erections and satisfaction in up to 85% of men with
ED at 26 wk as measured by the GAQ, compared with 28% of men who
received placebo.

• Responses to diary questions revealed that significantly greater improve-
ments in subjective perceptions of sexual intercourse occurred in men
with ED who were treated with vardenafil, in terms of satisfaction with
erection hardness, sexual experience, and ability to ejaculate, compared
with placebo.

• IIEF domain scores for intercourse satisfaction and orgasmic function
were improved with vardenafil significantly more so than with placebo.

VARDENAFIL IN SUBPOPULATIONS OF MEN WITH ED
To evaluate the potential influence of some common variables on the

efficacy of vardenafil in men with ED, an analysis of data, pooled from two
prospective, randomized, double-blind, placebo-controlled trials of simi-
lar design, was conducted at 12 wk postbaseline. The variables investi-
gated were age, cause of ED, severity of ED at baseline, and coexisting
significant comorbidities (specifically, the concomitant use of antihyper-
tensive medication and the presence of hyperlipidemia and type 2 diabetes)
(Fig. 5).

In this analysis, pooled data from 1385 eligible men with ED of more
than 6 mo duration who received 5 mg of vardenafil (n = 346), 10 mg

Fig. 5. Subpopulation variables examined in the pooled analysis.
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(n = 353), 20 mg (n = 349), or placebo (n = 337) showed that none of these
variables had a significant confounding effect on the outcome of treat-
ment of ED with vardenafil.

Effect of Age

In the pooled population, the majority of subjects were between 45 and
65 yr of age (see Fig. 5). In the older population (>65 yr), the mean
baseline EF scores were generally lower than in the younger group (<45
yr), suggesting that men older than 65 yr of age had more severe ED than
those younger than 45 yr. Nevertheless, compared with placebo, all doses
of vardenafil significantly improved EF irrespective of age when mea-
sured in terms of the IIEF EF domain scores, SEP Q2, SEP Q3, and GAQ
(Table 4) (21,22).

With 20 mg of vardenafil, the older age group achieved a degree of EF
that was similar to that in the younger group. Although baseline vaginal
penetration rates (SEP Q2) generally decreased with increasing age,
vardenafil significantly improved this outcome measure compared with
placebo, irrespective of age. The GAQ confirmed these findings: 20 mg of
vardenafil improved erections in older, more difficult-to-treat subjects
(71%) in a proportion similar to that seen in younger subjects with less
severe ED (75%). Thus, age has no substantial influence on the benefits of
vardenafil.

Influence of the Cause of ED

The majority of subjects in the pooled population had an organic or
mixed organic and psychogenic cause of ED (87%) (see Fig. 5). Psy-
chogenic factors as the sole cause of ED were, therefore, much less fre-
quent in this population. All doses of vardenafil improved outcome
measures of treatment in subjects with any cause of ED (see Table 4) (23).
Differences from placebo were always significant at all doses regardless
of the cause of ED.

Baseline Severity of ED

At baseline, 71% of the subjects in the pooled analysis had moderate
or severe ED (see Fig. 5). Compared with placebo, vardenafil signifi-
cantly improved EF and other outcome parameters in subjects with all
degrees of ED severity (see Table 4) (23). The difference from placebo
was, not surprisingly, lower in the subjects with mild ED and greatest in
subjects with severe ED. Subjects with mild baseline ED regained almost
normal EF, and those with more challenging, severe ED improved to a
mild-to-moderate category. Thus, compared with placebo, treatment with
vardenafil significantly improves ED regardless of baseline severity.
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Effect of Comorbidities

The comorbidities examined in the pooled population of men with ED
were the use of antihypertensive medication (39% subjects), the presence of
hyperlipidemia (22% subjects), and the presence of type 2 diabetes (20%
subjects) (see Fig. 5). The potential influence of each of these comorbidities
on the effect on vardenafil in ED was evaluated.

INFLUENCE OF HYPERTENSIVE MEDICATION

Efficacy variables and safety parameters were assessed in patients with
EF who did and did not take antihypertensive medication (24,25). In terms
of EF outcome measures (IIEF EF domain, SEP Q2 and SEP Q3 scores),
all doses of vardenafil were associated with significant improvements
compared with placebo irrespective of the use of antihypertensive medi-
cation, although in this analysis the treatment effects of vardenafil were
somewhat higher in subjects who were not taking antihypertensives (see
Table 4).

SUBJECTS WITH HYPERLIPIDEMIA

Twenty-two percent of the pooled population were hyperlipidemic,
based on history and defined by International Classification of Diseases,
9th edition (ICD-9) codes (see Fig. 5). In this patient population, all doses
of vardenafil improved EF relative to placebo, with no significant differ-
ence in the therapeutic effect of vardenafil in subjects with and without
hyperlipidemia (see Table 4) (25).

SUBJECTS WITH TYPE 2 DIABETES

In the 20% of subjects who had a diagnosis of type 2 diabetes at baseline
(see Fig. 5), vardenafil was effective in improving EF, with the 10- and
20-mg doses being significantly superior to placebo in these patients. In
contrast, all doses of vardenafil were significantly better than placebo in
improving EF in the nondiabetic population (see Table 4) (25), confirming
that diabetic patients with ED present a more challenging population to
treat for ED.

NO INFLUENCE OF ETHNICITY

Studies have been undertaken to evaluate the efficacy of vardenafil in
adult men with ED from different ethnic populations. In all populations
studied, vardenafil was effective and generally well tolerated.

Caucasian, African-American, and Hispanic Populations

In an open-label multicenter study, the efficacy of a flexible dose of
vardenafil (5–20 mg) was compared after 10 wk of treatment in Caucasian
(n = 153), African-American (n = 136), and Hispanic (n = 102) subjects
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with ED (26,27). Improvements in IIEF EF domain scores brought 59 to
74% of subjects into the normal EF range (>26) from a baseline mean score
of 9.7 to 10.9 (severe to moderate) irrespective of ethnicity.

The Mexican Population
In 176 Mexican subjects with ED who were treated with 20 mg of

vardenafil for 12 wk (28), the baseline IIEF EF score improved from 14.8
(moderate ED) to 25.5 (near-normal erectile function), and SEP Q2
response improved from 17.3% at baseline to 80.5% after treatment with
vardenafil. Furthermore, 93% of subjects reported improved erections
(GAQ) after 12 wk. The authors concluded that treatment with vardenafil
was effective and well tolerated in Mexican men with ED.

The Japanese Population
A 12-wk, prospective, double-blind clinical trial was undertaken in 283

Japanese men with ED (29), in which subjects were randomly assigned to
receive 5, 10, or 20 mg of vardenafil or placebo. All three doses resulted
in improved scores for Q3* and Q4† of the IIEF questionnaire at 12 wk,
significantly more than placebo (p < 0.0001). In addition, up to 86% of
patients achieved improved erections when evaluated by GAQ. The
authors concluded that vardenafil is an effective and well-tolerated treat-
ment for ED in Japanese men.

Onset of Action of Vardenafil
The earliest time to onset of therapeutic effect of vardenafil was inves-

tigated in a randomized, double-blind, parallel-group, placebo-controlled
trial in a broad population of 471 men with mild to severe ED (mean
baseline IIEF EF score was 12.2) (30). Using a stopwatch in an at-home
setting, the men recorded the earliest time after dosing that they perceived
an erection adequate for intercourse completion (SEP Q3).

The earliest time that an affirmative response to SEP Q3 was achieved
was 10 min (21% success in men taking 10 mg of vardenafil, 11% success
rate in men taking 20 mg of vardenafil vs 14% in men on placebo; p < 0.05).
At 25 min after dosing, this relative difference in SEP Q3 success rates was
greater (53/50% in men taking 10/20 mg of vardenafil compared with 26%
in men taking placebo; p < 0.001) (Fig.6).

The authors concluded that the onset of action of vardenafil leading to the
completion of intercourse occurred as early as 10 min after ingestion. This

*Q3 of the IIEF asks, “When you attempted sexual intercourse (vaginal pen-
etration), how often were you able to penetrate your partner?”

†Q4 of the IIEF asks, “During sexual intercourse (vaginal penetration), how
often were you able to maintain your erection after you have penetrated (entered)
your partner?”
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suggests that the therapeutic effect of vardenafil is expressed before maxi-
mal plasma concentrations are achieved.

Sustained Long-Term Efficacy With Vardenafil
AFTER 1 YR

The long-term efficacy of vardenafil has been investigated in a broad
population of men with ED. One thousand twenty men with ED of broad
etiology and severity were randomly assigned to receive either 10 mg
(n = 514) or 20 mg (n = 506) of vardenafil, to be taken as needed for up to
52 wk (31). The mean baseline IIEF EF domain score in each study popu-
lation was 13.0, which is indicative, on average, of a moderate severity of
ED. Clinically relevant improvements over baseline in this score to near-
normal EF levels (22.6 and 23.9 in the 10- and 20-mg groups, respec-
tively), achieved at the week 4 assessment interval, were sustained at all
subsequent assessment timepoints (wk 8, 13, 26, 39) up to wk 52. Simi-
larly, the mean SEP Q3 score improved from baseline values of a 14.2%
intercourse success rate in the group taking 10 mg and 15.6% in the group

Fig. 6. Success rates of attaining an erection adequate for completion of intercourse,
measured by Sexual Encounter Profile Question 3, at 5–25 min after dosing with
vardenafil or placebo. PLA, placebo; ITT, intent-to-treat.
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taking 20 mg to 82% and 85.6%, respectively, at wk 52. Also at wk 52, a
”yes” response to the GAQ was given by 79 and 82% of subjects in the 10-
and 20-mg dose groups, respectively. These data (last observation carried
forward [LOCF] analysis) have shown that with continued use over 1 yr,
treatment of ED with vardenafil, 10 or 20 mg, resulted in sustained near-
normal EF and a quadrupled intercourse success rate and maintained
improvements in erection quality in the majority of men with mild to
severe ED.

AFTER 2 YR

Of the 755 subjects (74%) who completed the 1-yr study, 566 continued
to receive double-blinded medication (10 mg of vardenafil, n = 272; 20 mg,
n = 294) for an additional 52 wk (32). Of these, 479 subjects (85%) com-
pleted this extended study period. In this cohort who had received treatment
with vardenafil over a continuous 2-yr period, near-normal EF was main-
tained throughout this time in both dose groups. The mean IIEF EF domain
score at baseline in this 2-yr cohort was similar in the 10- and 20-mg dose
groups (13.4 and 13.8, respectively). Clinically important improvements in
this score at wk 104 (LOCF) were also similar (24.7 and 25.7, respectively).
Mean SEP Q3 values also maintained the pattern of improvement over the
extended study period. SEP Q3 values improved from a 15.9% successful
intercourse rate at baseline to 86.5% at 2 yr in the 10-mg group, and from 17.4
to 89.3% in the 20-mg group at the 2-yr end point. An affirmative GAQ
response was maintained at 90 to 92% at 2 yr after the start of treatment. The
authors concluded that vardenafil provides and maintains excellent efficacy
(and tolerability) for up to 2 yr.

Flexible-Dose Studies

Although fixed-dose clinical trials are important to distinguish between
the efficacy and tolerability of different doses of any medication, in a “real
world” situation, subjects may elect to titrate doses to achieve an optimal
balance between efficacy and tolerability. Two studies have been reported
that focus on a flexible dose regimen of vardenafil, ranging from 5 to 10
to 20 mg, in subjects with a broad etiology and severity of ED.

In one 10-wk study (33), 398 subjects were permitted to titrate their
starting dose of 10 mg of vardenafil up to 20 mg or down to 5 mg based
on efficacy and tolerability at assessment intervals of 2 and 6 wk. Dose
increases to 20 mg were reported in 63.3% of subjects at any time during
the study, and dose decreases to 5 mg occurred in only 6.3% of subjects.
At the end point, 104 subjects had chosen to remain on the 10-mg baseline
dose throughout the study, whereas 180 patients had used the vardenafil
10/20/20-mg dosing regimen, and 29 had used the 10/10/20-mg regimen.
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At wk 10, the mean IIEF EF domain score was in the range of normal
EF in men who chose to remain on 10 mg of vardenafil throughout the
study period. Subjects who chose 20 mg of vardenafil after either 2 or 6
wk of treatment with 10 mg achieved a clinically meaningful additional
increase in treatment benefit on uptitration, with patients on a 10/20/20-
mg treatment regimen showing a mean EF domain score of 27.5 at wk 10.
At the end of the study period, normal EF (�26 ) was achieved by 70%
of evaluable subjects (n = 347) on any dose of vardenafil.

Overall, the mean SEP Q2 success rate was 90.4% (LOCF), that for SEP
Q3 was 81.1%, and for GAQ, the affirmative response rate was 91.8%.
Similar improvements were evident at both 6 and 10 wk.

In a separate study (34), subjects were randomly assigned to receive
either placebo (n = 148) or 10 mg of vardenafil (n = 150), to be taken as
needed. After 4 wk on vardenafil, subjects could elect to uptitrate the dose
to 20 mg or downtitrate to 5 mg. After an additional 4 wk, another oppor-
tunity to adjust the dose was made available. The baseline IIEF EF domain
scores indicated, on average, ED of moderate severity (12.6 in the
vardenafil group and 13.1 in the placebo group). At 12 wk, the mean IIEF
EF domain score in all vardenafil-treated subjects improved to 22.9
(LOCF), which was significantly superior to that with placebo (15.4) (p <
0.01). Overall, in this flexible-dose regimen, 86% of subjects taking
vardenafil reported improved erections at wk 12, compared with 36%
taking placebo. The final vardenafil dose choices were as follows: 68% of
subjects elected to take the 20-mg dose, 28% chose 10 mg, and only 3%
took 5 mg. In subjects who chose to remain on 10 mg of vardenafil, the
proportion of affirmative responders to the GAQ was 96% at wk 4,
100% at wk 8, and 92% at wk 12. In subjects electing to uptitrate to 20 mg
at wk 4, the proportion of men responding affirmatively to the GAQ was
70% at wk 4 (when they were taking 10 mg), 83% at wk 4, and 82% at wk
12, indicating an improved response with the increased dose in subjects
who perceived the need for such.

Because men with ED would normally be expected—in consultation
with their physician—to adjust the dose of vardenafil according to the
subjective balance between efficacy and tolerability, these studies show
that subjective choice of the dose of vardenafil enables the outcome to be
optimized.

Reliability of Vardenafil

Reliability of treatment in ED is closely linked with patient satisfac-
tion with that treatment and as such is an important influence on the
patients’ choice to continue with the treatment. The reliability of
vardenafil has been evaluated in two retrospective analyses of SEP items
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(SEP Q2, vaginal penetration; SEP Q3, intercourse success; SEP Q5,
satisfaction with the overall sexual experience) from two pivotal phase
III trials in a broad spectrum of patients with ED. Reliability was evalu-
ated for each SEP item in terms of the per-patient success rate at wk 12
in patients who were successful at the first attempt after the start of treat-
ment (35,36). For subjects achieving success at the first attempt,
vardenafil consistently improved each SEP item response in subsequent
attempts through wk 12. More placebo-treated patients discontinued the
trial owing to insufficient therapeutic effect than did those on vardenafil
(Table 5).

Table 5
Reliability of Vardenafil in ED Measured as Success Rates of Vaginal
Penetration (SEP Q2), Successful Intercourse (SEP Q3), and Overall

Satisfaction (SEP Q5) at the First Attempt Compared With Subsequent
Attempts up to Wk 12 in Patients Successful at First Attempt

Vardenafil

Placebo 5 mg 10 mg 20 mg

First Subs First Subs First Subs First Subs

Ref. (35)
(n) (171�76) (189�125) (194�149) (182�135)
SEP Q2      46�77%    67�80%    77�85%    74�91%
(% success)
(n) (171�47) (189�95) (194�134) (182�114)
SEP Q3      28�57%      51�75%    69�76%    61�85%
(% success)
(n) (171�35) (189�92) (194�114) (182�102)
SEP Q5      21�50%      49�66%    59�72%    56�80%
(% success)

Ref. (36)
(n) (317�140) (339�239) (347�264) (339�258)
SEP Q2    44�74%    71�82%    76�86%    76�91%
(% success)
(n) (317�80) (339�173) (347�225) (339�201)
SEP Q3      25�56%    51�76%    65�78%    59�84%
(% success)
(n) (317�59) (339�162) (347�193) (339�190)
SEP Q5      19�48%    48�68%    56�72%    56�79%
(% success)

First, successful first attempt; Subs, successful subsequent attempts up to wk 12 in
subjects with a successful first attempt. Intent-to-treat patients with at least two valid diary
entries. ED, erectile dysfunction; Q, question; SEP, Sexual Encounter Profile.
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Vardenafil in Diabetic Men With ED
ED is a common complication of diabetes, and more than 50% of dia-

betic men develop ED within 10 yr of diagnosis of diabetes. In addition, the
incidence of ED increases with duration of diabetes, poor glycemic con-
trol, and diabetic complications such as vascular and microvascular dis-
ease and neuropathies. For these reasons, diabetic men represent a
particularly challenging population to treat for ED (37,38).

A randomized, multicenter, double-blind, fixed-dose, parallel-group
trial was conducted in 452 patients with a clinical diagnosis of type 1 or
type 2 diabetes (glycosylated hemoglobin A1c [HbA1c] �12%) who had
experienced ED for more than 6 mo (39).

These diabetic patients with ED were randomly assigned to receive
placebo (n = 150), 10 mg of vardenafil (n = 153), or 20 mg of vardenafil
(n = 149) for 12 wk. The mean age of this trial population was 57 yr, and
most patients (88%) had type 2 diabetes with poor glycemic control. The
mean duration of ED was 3.5 yr. The majority of men (55%) reported
severe ED. Primary efficacy variables were the IIEF EF domain score and
responses to SEP Q2 and SEP Q3 in 430 evaluable patients (95%). GAQ
was also recorded.

At 12 wk, changes from baseline IIEF EF domain scores were signifi-
cantly greater in the vardenafil-treated diabetic patients than in the group
receiving placebo (p < 0.0001), with a dose-response pattern being appar-
ent for vardenafil in this domain (p = 0.03) (Fig. 7).

Improvements in SEP Q2, SEP Q3, and GAQ were also significantly
greater in the vardenafil-treated diabetic men than those treated with pla-
cebo (p < 0.0001) (see Fig. 7).

Given that more than half of these diabetic patients had severe ED at
baseline, SEP Q3 was also evaluated based on the severity of ED at
baseline. In this group, the low rate of successful intercourse before treat-
ment (0.9–2.5%) significantly improved to 40% in the group receiving
20 mg of vardenafil, compared with 11% in the group receiving placebo
group (p < 0.0001). Even though the diabetic patients with mild ED at
baseline had a greater baseline success rate (35–47%), the average success
rate at 12 wk improved to 75% in the group receiving 20 mg of vardenafil,
compared with 47% in the group receiving placebo (p < 0.009). The study
also showed that there was no clear relationship between the response to
vardenafil and the level of glycemic control (39,40). The authors con-
cluded that vardenafil significantly improves EF in diabetic men at each
level of baseline severity of ED, and that this effect is independent of
glycemic control and irrespective of the type (1 or 2) of diabetes. More-
over, vardenafil was generally well tolerated in this difficult-to-treat group
of subjects.
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An analysis of other secondary efficacy variables conducted at 12 wk in
this population of diabetic men with ED showed that the rate of satisfaction
with erection hardness was more than three times greater with 20 mg of
vardenafil (44.9% satisfaction), compared with placebo (12.0%) (p <
0.0001) (41). In addition, the overall satisfaction with sexual experience,
ability to ejaculate, and IIEF domains of intercourse satisfaction (IIEF Q6
and Q7) and orgasmic function (IIEF Q9 and Q10) were also significantly
improved with both doses of vardenafil compared with placebo (p <
0.0001). Of the vardenafil-treated diabetic men in this study, 234 elected
a 3-mo extension, maintaining their randomized dose such that their total
vardenafil treatment time was 6 mo (42,43). In this extension trial, patients
receiving placebo (n = 106) were randomly assigned to receive 10 or 20 mg
of vardenafil for 3 more mo. For all three primary variables, efficacy was
sustained at 6 mo in the patients who had received vardenafil from the start.
For those who were converted from placebo, improvements in EF at 3 mo
were similar to the results seen in those who had received 6 mo of treat-
ment. Overall, in this extension study, vardenafil demonstrated sustained
efficacy and good tolerability, with 73% of diabetic patients reporting
improved erections with the 20-mg dose.

Fig. 7. Changes in efficacy variables in diabetic patients with erectile dysfunction
treated with vardenafil or placebo for 12 wk. GAQ, Global Assessment Question;
IIEF EF, International Index of Erectile Function, Erectile Function domain; SEP,
Sexual Encounter Profile.
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Vardenafil After Prostatectomy
Even with careful nerve-sparing radical retropubic prostatectomy

(NSRRP) for prostate cancer, over one-third of men experience postsur-
gical ED. ED of this cause presents a particularly challenging population
to treat. Although the PDE5 inhibitor sildenafil has been evaluated in
patients after NSRRP, the evidence for its efficacy has been derived from
relatively small-scale studies (44–46). In a randomized, double-blind,
placebo-controlled study in 440 men (mean age, 60 yr) who had devel-
oped ED 6 mo to 5 yr (mean, 1.7 yr) after bilateral (73%) or unilateral
NSRRP (47), 10 and 20 mg of vardenafil were evaluated using the IIEF
EF domain score, SEP Q2, and SEP Q3 as primary efficacy variables
after 12 wk of treatment, and GAQ as a secondary outcome variable.

An assessment of IIEF EF domain score showed that 6 mo before sur-
gery, these patients had mild ED (EF domain scores, 22.7–22.9), whereas
at trial entry, severe ED was evident (mean EF domain scores, 9.0–9.1).
The randomized groups in this study were well matched for demographic
and baseline clinical variables and for the pattern of ED-specific symp-
toms, with 88t o 91% of patients unable to achieve an erection and 90 to
94% unable to maintain an erection to completion of intercourse. Overall,
80% of this population reported previous use of sildenafil, and the majority
of these patients (96%) claimed some erectile improvement at some time.

After 12 wk of treatment with vardenafil (10 and 20 mg), all primary
efficacy variables and GAQ results were improved significantly more so
than with placebo (<0.0001) (Fig. 8).

The efficacy responses to vardenafil were related to the baseline sever-
ity of ED, but even in the group with severe ED (the majority, n = 282 of
403 evaluable patients [70%]), 28% were able to successfully complete
intercourse (SEP Q3), compared with only 4% of those on placebo. In the
group with the least severe disease at baseline (mild to moderate, n = 51
[13%]), success rates for SEP Q3 at 12 wk were 70, 74, and 49% in the
groups receiving 10 mg of vardenafil, 20 mg of vardenafil, and placebo,
respectively.

In the relatively large group who had undergone bilateral NSRRP, sig-
nificant improvements in EF were experienced by 60 and 71% of patients
treated with 10 and 20 mg, respectively, of vardenafil compared with only
12% of those who took placebo (p < 0.0001). In the smaller cohort with
unilateral NSRRP, improvements in erections, measured by GAQ, were
experienced by 64, 55, and 15%, respectively (p < 0.05 vardenafil vs pla-
cebo). Previous sildenafil use did not appear to influence the efficacy of
vardenafil relative to PDE5-inhibitor naive patients.

Other secondary efficacy variables in this 12-wk study included diary
questions regarding subjective satisfaction with erection hardness, as well
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as IIEF responses regarding intercourse satisfaction, orgasmic function,
and overall satisfaction (48). Analysis of these variables indicates that both
doses of vardenafil significantly improved the per-patient satisfaction rate
for all these variables compared with placebo. In this patient group, satis-
faction with erection hardness was very low at baseline in all three groups
(0.1, 1.0, and 1.4% of patients in the groups receiving placebo, 10 mg, and
20 mg of vardenafil, respectively). By 12 wk, these rates had increased to
8, 28, and 24%, respectively (p < 0.002 for vardenafil vs a dose of placebo)
such that the satisfaction with erection hardness was three times greater
with vardenafil than with a dose of placebo. Also at 12 wk, the IIEF inter-
course satisfaction domain had improved from a baseline score across the
groups of 5.0 to 5.4 to 7.7 in the group receiving 10 mg of vardenafil and
7.2 in the group receiving 20 mg. No such improvement occurred with
placebo (5.1–5.2); this difference between vardenafil and placebo at 12 wk
was significant (p < 0.002). A similar pattern was seen for the IIEF orgas-
mic function domain score and the overall satisfaction score (p < 0.002 for
each vardenafil dose vs placebo at 12 wk).

Thus, in this challenging population of men with ED after NSRRP,
vardenafil not only improved objective outcome measures of EF but also
improved key aspects of the subjective sexual experience that are so

Fig. 8. Changes in efficacy variables in prostatectomy patients with erectile dysfunc-
tion treated with vardenafil or placebo for 12 wk. GAQ, Global Assessment Question;
IIEF EF, International Index of Erectile Function, Erectile Function domain; SEP,
Sexual Encounter Profile.
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important to improving the overall quality of life.In addition, although
most patients in this study were not mentally depressed, as measured by
the Centre of Epidemiologic Studies Depression Scale , in the subgroup
of men with scores indicative of depression at baseline, treatment with
20 mg of vardenafil, (n = 14) resulted in significantly improved depres-
sion scores compared with placebo (n = 10) (p < 0.001) (49).

Vardenafil in Nonresponders to Sildenafil
In a multicenter double-blind study (the Patient Response with

Vardenafil in Sildenafil Nonresponders [PROVEN] study) (50), 463 men
with moderate to severe ED who had a documented history of nonresponse
to sildenafil according to historical questions were randomly assigned to
receive placebo or 10 mg of vardenafil. After 4 wk, subjects were given the
option to titrate their dose up to 20 mg or down to 5 mg during a 12-wk
study period. Mean IIEF EF domain scores were indicative of severe ED
at baseline in both randomized groups (9.3–9.7). By 12 wk, statistically
significant and clinically relevant improvements in the IIEF EF domain,
SEP Q2 and SEP Q3 scores, and GAQ responses were seen in the
vardenafil-treated subjects, compared with those treated with placebo (all
p < 0.001).

The change from baseline to 12 wk in the IIEF EF scores was 9.7 to 10.5
in the placebo-treated group of sildenafil nonresponders, whereas in the
vardenafil-treated sildenafil nonresponders, the change from baseline was
9.3 to 17.6 at 12 wk (p < 0.001 vs placebo). Similarly, for SEP Q2, the
changes from baseline to 12 wk were 31.7 to 29.9% with placebo and 28.5
to 62.3% with vardenafil (p < 0.001 vs placebo). For SEP Q3, the changes
were 11.6 to 16.1% with placebo and 14.7 to 61.8% with vardenafil (p <
0.0001 vs placebo). At the study’s end point, affirmative responses to the
GAQ were 14.7% in placebo-treated patients and 61.8% in subjects treated
with vardenafil (p < 0.001 vs placebo).

Thus, in subjects with ED who were by history nonresponders to
sildenafil, vardenafil resulted in a fourfold improvement in successful
intercourse completion rates over baseline and brought mean IIEF EF
scores from the severe range into the mild-to-moderate range.

Summary of the Efficacy Findings in Subpopulations
of Men With ED Treated With Vardenafil

• Vardenafil is effective in improving EF in a broad population of subjects
with ED, irrespective of age, cause and severity of ED, and the presence
of significant comorbidities.

• Ethnicity is not a confounder to the efficacy of vardenafil. Studies have
shown significant benefit in broad populations of Caucasian, African-
American, Hispanic, Mexican, and Japanese men with ED.
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• The onset of action of vardenafil is rapid. The earliest time that subject
erectile benefit was detected that was significantly different from placebo
was 16 min.

• Vardenafil provides and maintains long-term efficacy in men with ED
with no apparent tolerance to its use over a 2-yr period, the maximum
period evaluated so far in clinical trials with vardenafil.

• In flexible-dose studies, in which subjects with ED (in consultation with
their physicians) choose the most appropriate dose of vardenafil (5, 10, or
20 mg) for their needs in a real-world setting, more than two-thirds prefer
the 20-mg dose.

• The reliability of vardenafil, measured in terms of the consistency of its
proerectile effect each time it is used, has been demonstrated.

• In diabetic patients with ED, traditionally a more difficult-to-treat subject
group, vardenafil has shown efficacy at all levels of baseline severity
whether glycemic control is good or poor.

• In men with severe ED after NSRPP, vardenafil significantly improved
key indices of EF.

• Vardenafil can produce significant and clinically meaningful improve-
ments in EF in men with severe ED who have a documented nonresponse
to sildenafil by history.

SAFETY AND TOLERABILITY OF VARDENAFIL IN ED
Data from five randomized, double-blind, placebo-controlled phase III

trials of 12- to 26-wk duration have been pooled to enable the safety and
tolerability profile of vardenafil in subjects with ED to be characterized
(51).*

*In evaluating the safety and tolerability profile, the exclusion criteria used in
the five phase III trials need to be borne in mind. These were subjects who had a
history of unstable angina, myocardial infarction, stroke, electrocardiographic
ischemia (except for stable angina), atrial tachyarrhythmia, or life-threatening
arrhythmia within the preceding 6 mo. Subjects were also excluded if they had
significant chronic hematological disease, a history of significant peptic ulcer
disease within 1 yr, resting or symptomatic postural hypotension or hypertension
within 6 mo, or uncontrolled diabetes mellitus (HbA1C >12%). Prohibited con-
comitant medications were nitric oxide donors, anticoagulants, androgens,
ketoconazole, itraconazole, ritonavir, sildenafil, or other ED therapy within 7 d of
the first visit, or other investigational drugs within 30 d of the first visit. Subjects
were excluded if their serum creatinine concentration was >2.5 mg/dL, if their
total testosterone level was below normal, if they had a history of severe migraine
headaches, or if they had previously discontinued sildenafil owing to adverse
events or lack of efficacy (in three of the five studies). Hypersensitivity to any
medication component, planned or current radiation therapy, or planned or cur-
rent hormone therapy also constituted exclusion criteria.
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Premature Discontinuations
Of 1887 subjects with ED randomly assigned to receive vardenafil in

doses of 5, 10, or 20 mg, 78.8% completed their respective trial period,
compared with 70% of 831 subjects who received placebo. A greater pro-
portion of subjects receiving placebo prematurely discontinued the trials,
largely owing to insufficient therapeutic effect (Fig. 9).

A slightly greater proportion of subjects discontinued vardenafil because
of adverse events compared with placebo, although the overall incidence of
withdrawal for this reason was low (<4%) (see Fig. 9).

The more common adverse events resulting in discontinuation of
vardenafil were consistent with this class of drugs and included headache
(0.7%), flushing (0.4%), rhinitis (0.4%), tachycardia, nausea, abnormal
liver function test results, dizziness, and hypotension, each resulting in the
withdrawal of 0.2% of subjects.

Treatment-Emergent Adverse Events
Overall, vardenafil was generally well tolerated. The incidence and

nature of treatment-emergent adverse events reported in subjects with ED
treated with at least one dose of vardenafil and who had at least one safety
assessment during five placebo-controlled trials of 12- and 26-wk duration
are consistent with the pharmacological profile of a PDE5 inhibitor. The
incidence of back pain was similar to that seen with placebo (Table 6).

Fig. 9. Reasons for premature discontinuation from five randomized, placebo-con-
trolled trials in subjects with erectile dysfunction treated with vardenafil (5–20 mg)
for up to 12 or 26 wk.
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Abnormal vision was reported by two subjects taking placebo (0.3%)
and 11 subjects taking vardenafil (0.6%) (51).

Serious treatment-emergent adverse events occurred in 3.3% of pla-
cebo-treated subjects and in 2.7% of subjects taking vardenafil. One
patient in the placebo group and none in the vardenafil group reported
dizziness as a serious adverse event. During the course of the trials, one
death occurred in the placebo group; there were no deaths, from any cause,
in subjects receiving vardenafil in any dose (5, 10, or 20 mg).

Cardiovascular Safety
CARDIOVASCULAR EVENTS AND HEMODYNAMICS

There were very few cardiovascular events in the pooled safety popu-
lation. The incidence of those that occurred with vardenafil was broadly
similar to that seen with placebo (Table 7) (52).

In addition, there were no notable differences between vardenafil and
placebo in relation to treatment-emergent electrocardiographic results
(rhythm, conduction, and ischemia-related findings).

Table 6
Incidence of Treatment-Emergent Adverse Events
in More Than 2% of Vardenafil-Treated Subjects

With ED That Were More Frequent Than Placebo Reported
During Five Double-Blind Trials of 12- and 26-Wk Duration

Placebo (n = 793) Vardenafil (n = 1812)
Adverse event n % n %

Headache 44 5.5 282 15.6
Flushing 5 0.6 212 11.7
Rhinitis 30 3.8 186 10.3
Dyspepsia 6 0.8 70 3.9
Accidental injury 19 2.4 58 3.2
Sinusitis 6 0.8 56 3.1
Flu syndrome 18 2.3 49 2.7
Dizziness 7 0.9 43 2.4
Nausea 6 0.8 41 2.3
Creatine kinase increase 9 1.1 36 2.0
Arthralgia 8 1.0 36 2.0
Back pain 19 2.4 39 2.2

Adverse events are not mutually exclusive. ED, erectile dysfunction.
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Vardenafil did not significantly alter mean blood pressure (BP) or heart
rate (HR) relative to placebo. From 11 min to 5 h after dosing, mild reduc-
tions in supine and standing systolic and diastolic BP (–4.6 and –4.8 vs
–3.9 and –3.2 mmHg, respectively) and a small increase in HR (two beats
per minute) were recorded. Three of 511 subjects taking vardenafil (0.6%)
had a standing systolic BP less than or equal to 90 mmHg and a decrease
from baseline of at least 20 mmHg, whereas none of the placebo-treated
subjects exhibited this change (52).

One or more antihypertensive medications were used concomitantly by
40% of subjects taking placebo and 42% of subjects taking vardenafil.
Although there were no consistent changes in BP and HR in those receiving
vardenafil plus antihypertensive medication, minimal additional reductions
in systolic and diastolic BP were observed that were generally similar for
all types of antihypertensive medications (anticholinerastase inhibitors,
calcium channel antagonists, - or -blockers, diuretics, and angiotensin
receptor blockers) (52).

These data indicate that vardenafil exhibits a favorable cardiovascular
safety profile in the pooled data of broad and challenging subjects with ED.
The overall incidence of cardiovascular-related adverse events with
vardenafil was similar to that with placebo. Vardenafil, though, may be
associated with small, transient decreases in BP and small changes in HR
relative to placebo.

Table 7
Treatment-Emergent Cardiovascular Adverse Events

Reported During Five Double-Blind Trials of 12- and 26-Wk
Duration Comparing Vardenafil and Placebo

Placebo (n = 793) Vardenafil (n = 1812)
Adverse event n % n %

Hypertension 9 1.1 33 1.8
Tachycardia 2 0.3 14 0.8
Palpitation 2 0.3 10 0.6
Peripheral edema 1 0.1 10 0.6
Syncope 1 0.1 2 0.1
Hypotension 0 0 2 0.1
Angina pectoris 2 0.3 1 <0.1
Atrial arrhythmia 0 0 1 >0.1
Myocardial infarction 1 0.1 1 >0.1
Stroke 1 0.1 0 0
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EXERCISE TOLERANCE IN PATIENTS

WITH CORONARY ARTERY DISEASE TAKING VARDENAFIL

ED is common among men with coronary artery disease (CAD). Although
sexual activity can trigger the onset of myocardial infarction, the absolute risk
is low (53). Nevertheless, it is a consideration when physicians are selecting
the best course of treatment for ED in patients with CAD (54). Two double-
blind, placebo-controlled, single-dose crossover studies have been conducted
in men with reproducible stable exertional angina because of ischemic CAD
to examine the effect of vardenafil (10 and 20 mg) on symptom-limited
exercise time, time to first awareness of angina, and time to ischemic thresh-
old, measured as ST segment depression greater than or equal to 1 mm from
baseline. In both studies, the effect on exercise tolerance was tested at the time
of maximum plasma concentrations of vardenafil.

In one study (55), 41 men (mean age, 61.9 yr) with ischemic CAD
received a morning dose of vardenafil, 10 mg, followed 1 h later by exer-
cise tolerance testing.* In those patients who routinely used sublingual
nitrate, this was not permitted for at least 24 h before or after the exercise
study days.

The second study, in 39 men (mean age, 63.8 yr), mirrored the first
except that these men received a single 20-mg dose of vardenafil (56).

The results indicate that relative to placebo, vardenafil did not adversely
affect total treadmill exercise time, time-to-onset of angina, or ischemic
threshold (Table 8).

Table 8
No Adverse Influence of Vardenafil on Treadmill

Exercise Time, Time-to-Onset of Angina, or Ischemic
Threshold in Men With Ischemic Coronary Heart Disease

Vardenafil Vardenafil
Placebo 10 mg Placebo 20 mg

Number of patients 41 39
Mean age (yr)  61.9 63.8
Total exercise time (s) 427 433 411 414
Time to angina awareness (s) 292 291 347 354
Time to ischemic threshold (s) 334 384a 366 364

a p = 0.0004 vs placebo.

*Using the standard Bruce protocol, exercise was conducted to a level of 5–10
metabolic equivalents (METS) on the basis that completed sexual intercourse
typically expends around 3 METS.
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The finding that 10 mg of vardenafil significantly increased the ischemic
threshold by about 15% relative to placebo is interesting in that it implies
that vardenafil-treated patients with CAD were able to exercise for a longer
period before manifesting electrocardiographic evidence of cardiac
ischemia. There were no differences between either dose of vardenafil and
placebo in HR, BP, or the rate product (HR × systolic BP).

These studies support the contention that 10- and 20 mg of vardenafil,
does not alter the ability of patients with CAD to complete an exercise
tolerance test at a level that meets or exceeds the level of exertion typically
required to complete sexual intercourse.

QTC INTERVAL

Drug-induced prolongation of the QT/corrected (QTc) QT interval is a
risk factor for the development of the ventricular tachyarrhythmia known
as torsades de pointes. Although a QT threshold value for risk of torsades
de pointes has not been established, most reported cases occur in individu-
als with a measured QTc value exceeding 500 ms (57).

The effect of vardenafil on the QTc interval has been evaluated at a
therapeutic dose (10 mg) and a supratherapeutic dose (80 mg) in a double-
blind, placebo-controlled crossover study in 58 men (mean age, 53 yr)
using a 12-lead digital electrocardiogram (58). Two sildenafil doses (50
and 400 mg) were evaluated in a similar way, and an active control
(moxifloxacin) was used. Electrocardiograms were analyzed in a fashion
that was blinded to treatment, and the Fridericia correction (QTcF) was
used in the comparisons of QTcF changes between baseline and 1 h
postdose to coincide with tmax. For placebo, there was no change from
baseline in QTcF. Both doses of vardenafil and of sildenafil produced no
increase over baseline in absolute QT interval and similar small increases
in QTcF (6–10 ms), which are considered to be clinically insignificant.

Concomitant Use of Nitrates
Pharmacodynamic studies in healthy middle-aged subjects have evalu-

ated the potentiation of blood pressure-lowering effects and increases in
heart rates that occur with administration of sublingual nitrates (0.4 mg)
1 and 4 h after a 20-mg dose of vardenafil (14) (see section entitled “Drug
Interactions”).

Potentiation of the hypotensive effects of nitrates in patients with is-
chemic heart disease has not been evaluated. Concomitant use of vardenafil
and nitrates is contraindicated, however, in line with the expert consensus
recommendations of the American College of Cardiology/American Heart
Association based on the use of the first PDE5 inhibitor, sildenafil, in
patients with cardiovascular disease (59).
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Summary of the Safety and Tolerability Profile of Vardenafil
• The rate of discontinuation of vardenafil owing to adverse events is low

and occurs with a frequency that is only less than 3% higher than with
placebo.

• Vardenafil is generally well tolerated. The most common reasons for
discontinuation owing to adverse events are headache, flushing, and rhini-
tis (collectively <1.5%).

• The most common treatment-emergent adverse events that did not result
in discontinuation of vardenafil were also headache (10% more than pla-
cebo), flushing (11% more than placebo), and rhinitis (7% more than
placebo).

• There were few cardiovascular events associated with vardenafil that
were different from those occuring with placebo.

• Vardenafil may be associated with small, transient decreases in BP and
HR.Vardenafil does not exacerbate angina during exercise and has no
clinically significant effects on the QT interval.

• Concomitant use of nitrates with vardenafil remains an absolute class
contraindication.

SUMMARY AND CONCLUSIONS

Vardenafil is a potent, selective PDE5 inhibitor that has a rapid onset of
action and provides consistent, reliable, and sustained efficacy, as demon-
strated in long-term studies for up to 2 yr. Vardenafil is effective and
generally well tolerated in the broad population of men with ED, as well
as in those considered characteristically challenging to treat, including
diabetics and men who have undergone radical prostatectomy. In addition
to improving EF, vardenafil improves those parameters important to qual-
ity of life and satisfaction with the sexual experience. Vardenafil also
displays efficacy in patients previously unresponsive to sildenafil. Collec-
tively, therefore, the findings from a comprehensive clinical trials program
demonstrate that vardenafil will contribute to the clinical armamentarium
available to optimize treatment in men with ED.
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INTRODUCTION

Appropriate management of erectile dysfunction (ED) is the same for
providers of all specialties. With the advent of oral agents as first-line
therapy for the treatment of ED, the path to discussion of ED and its treat-
ment often winds through the primary care clinician’s office. (The term
primary care clinician [PCC] is intended to include physicians, nurse prac-
titioners, and physician’s assistants who provide primary care services to
patients.) Indeed, on a national basis, approximately two-thirds of pre-
scriptions for PDE5 inhibitors are written by PCCs. Because of the issues
particularly pertinent to primary care, such as time constraints, multiple
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competing problems, long-term relationship with the patient, potential
inclusion of the partner as a patient as well, an efficient and yet thorough
management plan is essential.

What are the themes that are consistently pertinent to the management
of ED by the PCC?

1. PCCs are the usual source of initial contact for management of ED.
2. PCCs are often responsible for detection and management of ED and

concomitant comorbidities (e.g., depression, cardiovascular disease,
dyslipidemia, diabetes, lower urinary tract symptoms, and relationship
issues).

3. Partner involvement in the ED management process has been shown to
have a critical impact on outcome. Because both the patient and his part-
ner often have an established relationship with the PCC, a greater oppor-
tunity for optimizing treatment of ED exists.

4. The longitudinal nature of the relationship between PCC and patient lends
itself to disclosure of issues of intimacy.

5. The sheer epidemiological prevalence of ED (more than half of men older
than the age of 40 yr manifest some degree of ED, according to the Mas-
sachusetts Male Aging Study [MMAS]) provides compelling motivation
for attention to this problem in the primary care setting.

The following topics are addressed in this chapter:

• ED and its relationship to men’s health.
• ED and the primary care workup.
• Best approach to ED in the primary care setting and the barriers to this.
• Reasons to treat ED: the relationship of sexual function to vital comorbid

disease states in men.
• Oral agents for ED.
• Cardiovascular concerns for primary care regarding PDE5 inhibitors.
• Reimbursement for treating male sexual dysfunction and concluding

thoughts.

In the United States, popular philosophy, with its inordinate focus on
youthfulness, has fostered long-held beliefs that sexual activity becomes
less important to the aging male and his partner. Sexuality at midlife and
beyond is rarely dealt with in either popular film or other media. There are
a dearth of media images exemplifying the positivity of sexuality at midlife
and beyond. Indeed, the persistence of sexual activity in aging adults
appears to be a topic that we may not openly acknowledge, or even dis-
courage! Yet studies consistently report that 80 to 90% of men between the
ages of 40 and 50 yr have sex at least twice weekly, whereas 70% of men
in their 70s still have sex at least weekly (1–3). Clearly, sexual activity and
function are of great importance to the midlife and more mature male.
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It is evident that the potential causes of ED include a myriad of organic
factors—vascular (e.g., arterial flow, endothelial function, venous compe-
tence), endocrine (e.g., diabetes, hypogonadism, and pituitary abnormali-
ties), neurogenic (e.g., neuropathy, demyelinating disorders, and spinal cord
injury), mechanical (e.g., elite-level bicycling) (4), medication-induced (e.g.,
thiazides, selective serotonin uptake inhibitors, -blockers, phenothiazines,
and surgical follow-ups [SFUs]) (5,6), local disorders of the genitourinary
system (e.g., prostate disease), and postsurgical (e.g., prostatectomy, and
colectomy).

Erectile function is a high priority for men, regardless of age. It affects
as many as 40 million men in the United States (7). In addition to deserv-
ing attention in its own right, ED merits evaluation because it may indicate
the presence of a serious underlying comorbid medical disorder. Because
the most common cause of ED is endothelial cell dysfunction, which is
induced most often by the well-recognized endothelial cell toxins (diabe-
tes, dyslipidemia, smoking, obesity, hypertension, and hyperhomo-
cysteinemia), every man with ED merits consideration for evaluation of
the cardiovascular risk factor burden. In the MMAS (8), after adjusting for
age, there was a 39% incidence of ED in men with cardiovascular disease,
a 29% incidence in diabetic men in good control (46% in those with poor
control), up to 90% incidence in depression, and 60 to 90% association
with dyslipidemias. In the same study, the overall prevalence of ED (mini-
mal to severe), irrespective of age, was 52% (Fig. 1) (9).

Fig. 1. The prevalence of erectile dysfunction. It is intuitive that ED increases with
age. Clinicians are sometimes surprised to learn that “mild” ED is not what increases
over time, but rather it is the moderate to complete ED that becomes ever more
commonplace. Note also that in this analysis (n � 1000), literally one-quarter of men
by age 40 yr experienced some degree of ED. ED, erectile dysfunction. Adapted from
ref. 8.
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The association of ED with aging primarily reflects the cumulative
burden of cardiovascular disease risk factors (i.e., as men reach midlife, the
degree of endothelial dysfunction attributed to acknowledged risk factors,
such as hypertension, lipids, smoking, and sedentary lifestyle becomes
magnified) (10).

There is a distressing discordance between the prevalence of ED, the
readily available and highly efficacious treatments, and the relative infre-
quency with which clinicians actually address the problem (Fig. 2).

Studies note that sexual issues are documented in as few as 2% of pri-
mary care provider charts (11).

Yet more than 70% of adult patients consider sexual matters to be an
appropriate topic to be raised by the primary care physician (12). Given
that ED compromises multiple aspects of the lives of patients and their
partners, the challenge is to lessen this disparity.

It has been demonstrated that if providers do not ask, patients will not
be likely to initiate discussions of a sexual problem. In one study, 71% of
patients thought the physician would dismiss their sexual concerns, 68%
feared that the clinician would be embarrassed, and 76% thought that there
would be no medical treatment (12).Obviously, barriers to communication
between clinicians and their patients remain significant but offer much
opportunity for positive resolution.

In summary, the PCC is in an opportune position to identify and manage
patients with ED, through both the patient and (often) his partner. Owing
to the nature of the breadth of primary care, PCCs are also the appropriate
source for the evaluation of cardiovascular risk factor burden in this popu-
lation. Although there are exceptions, most patients believe that it is appro-

Fig. 2. An oft-missed opportunity: the clinical sexual health conversation. Despite
the knowledge that a majority of patients consider discussions of sexual health per-
tinent to clinical encounters, only a very small number of consultations evidence
inquiry into sexual health. ED, erectile dysfunction; PCP, primary care physician.
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priate to share issues of intimacy with their PCC. Occasionally, patients
would rather have some degree of anonymity when they discuss issues like
sexuality. Because of the long-term relationship often established, the cli-
nician and patient might be members of the same golf club, religious insti-
tution, or other social organization. In such circumstances, patients may
wish to seek a provider with whom they do not have an ongoing relation-
ship, and it is not unheard of for patients to seek consultation with a
subspecialist in this setting—not because of the need for specialty care, but
because of the desire for a less personal relationship.

The longitudinal care model of primary care practice is well-suited to
treating and following uncomplicated ED. PCCs can refer patients with
complex ED to either a urologist or another ED specialist. In our experi-
ence, however, most patients prefer to be treated by their primary care
provider (Fig. 3).

THE PATHOPHYSIOLOGY OF ORGANIC ED
AND THE WORKUP IN THE PCC SETTING

Whereas a decade ago most ED was felt to be psychogenic in origin, new
insights have shown that the vast majority of ED (at least 70%) is a result
of vasculopathy, with the remaining organic causes relating to pharmaco-
logical, operative, neurogenic, and hormonal influences (Fig. 4) (13–17).

Even when men suffer from purely organic ED, it should be anticipated
that there will essentially always be important emotional consequences of
ED that merit consideration, including counseling by a sex therapist or
other individual experienced in helping men who suffer from sexual dys-
function and their partners.

Fig. 3. Rational for erectile dysfunction management in primary care. ED, erectile
dysfunction; PCC, primary care clinician.
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Inquiring about sexual function should not be considered a “special cir-
cumstance” but rather a routine part of health surveillance, as normal as
asking about tobacco use, alcohol use, exercise, and diet. Some clinicians
prefer to ask these questions during the formal review of systems. We prefer
to do so during the social and lifestyle history component of the examination
(Fig. 5) or when a pertinent clinical syndrome may dictate the appropriate

Fig. 4. Pathophysiology of organic ED. ED is most often a vasculopathy. Although
a decade ago, most ED was considered psychogenic in origin, the majority of per-
sons with ED manifest endothelial dysfunction because of a variety of cardiovascu-
lar risk burdens, such as hypertension, obesity, dyslipidemia, glucose intolerance,
sedentary lifestyle, and smoking. ED, erectile dysfunction

Fig. 5. Successfully addressing erectile dysfunction. History and lab clinicians are
encouraged to address issues of sexual health more routinely; and traditional
laboratory investigation is aimed at detecting subnormal testosterone, diabetes,
and other disorders potentially leading to endothelial dysfunction. CBC, complete
blood count; ED, erectile dysfunction; LH, luteinizing hormone; PSA, prostate-
specific antigen; ROS, review of systems.
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inclusion of sexuality-related information (e.g., penile lesion, dysuria, ure-
thral discharge, or perineal dermatitis).

Sometimes clinicians find additional value in using questionnaires that
patients are to fill out before the visit, including the SHIM (Sexual Health
Inventory for Men) (Fig. 6) (18).

A special merit of direct provider inquiry is that even if the response is
a brief, “it’s fine,” you have validated sexual function as an appropriate
topic for discussion in a future visit. It is equally wise to ask about sexual
function after initiating a regimen of medications that might be anticipated
to have adverse sexual effects, especially antihypertensives and antide-
pressants. However one may ask, such inquiries need to be sensitive to the
patient’s cultural, religious, and educational background.

It is important to recognize that we have evolved from including sexual
function inquiries based primarily on the risk for sexually transmitted
diseases to including such questioning based on the concept that, not only
should sexual function be one of the vital signs of lifestyle, but also an
important potential indicator of cardiovascular comorbidity. Especially
since the advent of highly effective oral agents, it is appropriate to inquire,

Fig. 6. Office questionnaires. The Sexual Health Inventory for Men use of an
office questionnaire may be useful as an “icebreaker,” and may also help to
quantify degree and quality of sexual dysfunction. High scores (>17), mild or
no ED; Low scores(<11), moderate or severe ED. ED, erectile dysfunction;
SHIM, Sexual Health Inventory for Men.



156 Kuritzky and Miner

”Are you satisfied with your sexual function?” How we do this reflects our
own level of comfort in these matters, and we might use any of the follow-
ing questions: “Are you satisfied with your sexual functioning?”; “How is
your sex life?”; “Are you experiencing any problems with your sexual
function?”; or “Many men with diabetes (or hypertension, or coronary
artery disease [CAD], or midlife changes, etc.) notice changes in their
sexual function. Has this been an issue for you?”

Many men experience mixed sexual dysfunction, which may include
issues of libido and orgasmic difficulties. Although this discussion is
focused on ED, the frequency with which other types of sexual dysfunc-
tion are mistakenly identified by the patient as ED (e.g., disorders of
ejaculation or desire) requires clear elucidation of the mechanics of the
dysfunction: Is there a problem with erection hardness, durability, pain,
or ejaculation? “Distress” is an essential part of the therapeutic decision
process, in that any patient who has a demonstrated dysfunction that does
not cause distress to him or his partner does not merit intervention.

Once the problem is identified, the medical history should highlight the
following (13,16):

• List of current medications taken, including over-the-counter and herbal
drugs.

• Family history of premature cardiovascular disease (CVD) or prostate
cancer.

• Salient partner issues (e.g., menopause, pain, relationship conflicts, sexual
abuse history).

• Tobacco, alcohol, and illicit drug use.
• Pelvic trauma or genital or pelvic surgery.
• Past medical history, noting the presence of diabetes, hypertension, and

thyroid or other endocrine disorders.
• History of depression or anxiety.
• Sleep history to exclude sleep apnea as a contributing cause.

Physical examination should highlight the following:

• Blood pressure.
• Vascular examination, noting the presence or absence of pulses and bruits.
• Neurological examination for peripheral neuropathy (e.g., rectal exami-

nation).
• Endocrine examination for signs and symptoms of thyroid or adrenal

disease, hypogonadism, gynecomastia, atrophic testes (<2.5 cm), absent
body hair, or thyromegaly.

Penile examination should focus on the following:

• Loss of elasticity of penile shaft, nodularity, or plaques suggesting
Peyronie’s disease. The patient with Peyronie’s disease will typically
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describe a history of penile curvature, pain with erections, or difficulty
with intromission. Peyronie’s disease generally requires a referral to a
urologist.

Laboratory tests should include measurement of the following:

• Glucose.
• Low-density lipoproteins (LDL) and high-density lipoproteins (HDL)

and triglycerides.
• Testosterone:

� Initial screen: Total morning testosterone.
� Follow-up with total and free testosterone if initial total testosterone

level is low or borderline.
• Prolactin (and luteinizing hormone (LH) if total testosterone is low, espe-

cially in an individual younger than the age of 50).
• Thyroid-stimulating hormone.
• Prostate-specific antigen.

Because ED is a harbinger for disproportionate cardiovascular risk-
factor burden (or established CVD), the physical and laboratory screening
should focus on the presence or absence of these disease states. Of 521
patients with ED examined for comorbidities in a large sexual dysfunction
clinic, 39% had hypertension, 37% were found to be hypogonadal, and
34% experienced medication-related ED; 68% were thought to have pri-
marily organic causes, 8% psychogenic, and 24% mixed. Of men with
hypogonadism, 99% had other comorbidities that could also contribute to
or independently cause ED (19).

PRIORITIZATION OF ED TREATMENT IN PRIMARY
CARE: THE RELATIONSHIP OF ED TO COMORBIDITIES

In addition to the well-described risk factors for ED (diabetes, prostate
disease, atherosclerotic cardiovascular disease, peripheral vascular dis-
ease, cigarette smoking, hypertension, obesity, sedentary lifestyle, and
depression), obstructive sleep apnea and debilitating neurological disor-
ders (e.g., Parkinson’s disease, multiple sclerosis, and dementia) can be
added to the list. The common denominator for the majority of disorders
associated with ED appears to be endothelial cell dysfunction. It is well-
established that dyslipidemia, hypertension, hyperglycemia, hyperho-
mocysteinemia, central obesity, smoking, and sedentary lifestyle are
associated with endothelial dysfunction. Encouragingly, improvements in
endothelial function attendant to improvements in these disease processes
has been documented, but unfortunately it has not been conclusively dem-
onstrated that management of cardiovascular risk factors will result in
meaningful improvement in ED. Some preliminary data suggest that opti-



158 Kuritzky and Miner

mized endothelial function, through optimized disease management (dia-
betes, hypertension, and so forth), results in improved sexual function in
men with ED (20,21).

Diabetes Mellitus and ED
The estimated ranges of moderate to severe ED in the diabetic male are

25 to 70% (22,23). Diabetes is a documented correlate of ED in the MMAS
and is reported to account for as much as 40% of organic ED in this popu-
lation. The etiological mechanisms of ED in the diabetic male include
vasculopathy (macrovascular disease, as well as endothelial dysfunction)
and autonomic dysfunction. Diabetic individuals also appear to experience
perturbations in the nitric oxide secondary messenger (23). Although gly-
cemic control does correlate with severity of ED (Fig. 7) (24), it remains
to be demonstrated whether glucose control will improve suboptimal erec-
tile function.

ED and Depression
Depression often is characterized by decreased quality of life, altered

relationship dynamics, and increased sympathetic tone (Fig. 8).
The pharmacotherapy of depression is associated with ED, especially in

regard to selective serotonin reuptake inhibitors, although other agents can
also produce sexual dysfunction. Specifically, phenothiazines may pro-
duce ED, most prominently by elevating levels of prolactin. Fortunately,

Fig. 7. Severity of sexual dysfunction correlates with degree of glucose impair-
ment. Studies of sexual function scores among persons with various degrees of
glucose perturbation have shown that worse deviation from normal glucose levels
are associated with poorer sexual function. To date, it is unknown whether resto-
ration of euglycemia will improve sexual function in these individuals. IIEF,
International Index of Erectile Function. Adapted from ref. 21.
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reduction in prolactin levels with use of agents, such as bromocriptine, or
alteration of the therapeutic regimen to another agent, is usually success-
ful. ED and depression have a reciprocal relationship: ED alone may be a
cause of depression, and depression may result in ED.

Of great interest is the relationship between cardiovascular disease, ED,
and depression. As noted, these variables are a mutually reinforcing triad
(Fig. 9) (25).

Fig. 9. The mutually reinforcing triad. CVD, cardiovascular disease; ED, erectile
dysfunction. Adapted from ref. 25.

Fig. 8. Depression and erectile dysfunction (ED) are often comorbid. In addition
to the recognition that depression causes ED, ED is also a cause of depression.
Fortunately, the literature provides support for the beneficial impact of successful
ED treatment on depression. ED, erectile dysfunction; MMAS, Massachusetts
Male Aging Study.
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Neurological Disease and ED
ED may also be associated with other neurological diseases, including

multiple sclerosis, Parkinson’s disease, and peripheral neuropathies.
Patients with upper motor neuron spinal cord injuries appear to respond well
to PDE5 inhibitors. PDE5 unresponsiveness may be indicative of lower
motor neuron lesions. Neurological risk factors for ED include diabetes,
cerebrovascular accident, lumbar disk disease, multiple sclerosis, pelvic
surgery, pelvic radiation therapy, and peripheral neuropathy (26).

Endocrine ED and Hypogonadism
Overall, it is estimated that only 5% of men with ED have a subnormal

testosterone level as the cause of ED (27). The signs and symptoms of a low
testosterone level may include loss of libido, ED, depression, lethargy,
osteoporosis, loss of muscle mass and strength, and possible regression of
secondary sexual characteristics, including pubic hair and testicular size
(Fig. 10).

Low serum testosterone levels are noted in up to 36% of patients with
ED. The correction of sexual dysfunction in this population with testoster-
one replacement is surprisingly low, however (approx 35%) (27).

Changes in behavior may include an inability to concentrate, diminished
interest in activities, sleep disturbance, and depressed mood. It is obvious
that many of these symptoms can be overlooked or misattributed to other
agendas in midlife. Because clinically relevant low testosterone levels are
most commonly reflected by low libido, there has been some support in
the literature for restricting testosterone measurement to those men who

Fig. 10. Androgen deficiency. Although androgen deficiency is an uncommon
cause of erectile dysfunction (ED) (because it is fully correctable), many experts
recommend routine screening for testosterone in men reporting ED. ED, erectile
dysfunction. QOL, quality-of-life. Adapted from refs. 29,31.
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Fig. 5. The molecular mechanism of penile smooth muscle relaxation. The intra-
cellular second messengers mediating smooth muscle relaxation, cyclic adenos-
ine monophosphate and cyclic guanine monophosphate (cGMP), activate their
specific kinases, which phosphorylate certain proteins to cause opening of potas-
sium channels, closing of calcium channels, and sequestration of intracellular
calcium by the endoplasmic reticulum. The resultant fall in intracellular calcium
level leads to smooth muscle relaxation. Sildenafil inhibits the action of phos-
phodiesterase (PDE) type 5 and thus increases the intracellular concentration of
cGMP. Papaverine is a nonspecific PDE inhibitor. ATP, adenosine triphosphate;
eNOS, endothelial nitric oxide synthase; GTP, guanosine triphosphate. (From ref.
72. Copyright © 2000 Massachusetts Medical Society. All rights reserved.)
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a low-normal level of testosterone, it is possible that he previously func-
tioned with a mid- or high-normal level; hence, his current low-normal
is insufficient for him) (29). A number of systemic illnesses (e.g., cirrho-
sis, chronic renal failure, sickle cell anemia, thalassemia, hemochroma-
tosis, human immunodeficiency virus infection, amyloidosis, chronic
obstructive pulmonary disease, rheumatoid arthritis, chronic infections,
and inflammatory or debilitating conditions) may suppress levels. Hypo-
gonadism may be central (hypothalamic or pituitary) or testicular in
origin. Therefore, after a low testosterone level has been determined,
serum LH and prolactin levels should be measured, especially in men
younger than 50 yr of age (Fig. 12) (30).

Those men with a subnormal LH level or an elevated prolactin level, or
both, should be further evaluated with magnetic resonance imaging to
visualize both the hypothalamus and the pituitary gland.

Treatment options are noted in Fig. 13 (31,32).
The absolute contraindications to TRT include documented prostate

cancer, existing or previous history of breast cancer, and hematocrit greater
than 55%. Relative contraindications include hematocrit greater than 52%,
untreated sleep apnea, severe obstructive symptoms of benign prostatic
hypertrophy, and advanced congestive heart failure (Fig. 14).

Data regarding the long-term risks and benefits of TRT are limited.
Before the implementation of TRT, baseline measurements of hematocrit

and prostate-specific antigen (PSA) and a digital rectal examination (DRE)
of the prostate are performed. Efficacy and adverse effects are assessed at 6
to 12 wk after initiation of TRT, at 6 mo (Fig. 15), and then annually (33).

Fig. 12. Confirmatory laboratory in hypogonadism. Once hypogonadism is con-
firmed, evaluation of luteinizing hormone and prolactin can confirm primary vs
secondary hypogonadism. LH, luteinizing hormone; NL, normal; dz, disease.
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Fig. 13. Commercially available testosterone (T) preparations. All testosterone
formulations are efficacious. Therapeutic choice is based on the patient’s personal
preference, cost, ease of administration, and dosing frequency, and hence, must
be individualized. Adapted from refs. 31,32.

Fig. 14. Contraindications to androgen therapy. BPH, benign prostatic hyper-
plasia.

Fig. 15. Monitoring testosterone replacement. AUA, American Urological Asso-
ciation; DRE, digital rectal exam; IPSS, International Prostate Symptoms Score;
PSA, prostate-specific antigen. * Three and six months, and annually thereafter.
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This includes evaluation of the clinical response (which may include the
validated Androgen Deficiency in the Aging Male questionnaire); test-
osterone levels, with a goal of midnormal range; hematocrit; PSA; and
DRE at 6 mo (30).

The issues of prostate cancer risk and testosterone repletion are summa-
rized in Fig. 16 (29,30,34–36).

TRT does not cause prostate cancer but may accelerate the growth of
occult prostate cancer. Therefore, the management of TRT includes peri-
odic DRE and PSA analysis. A PSA velocity of greater than 0.075 ng/mL
per year should arouse suspicion of a neoplastic origin, and appropriate
action should be taken (Fig. 17) (37,38).

Whether TRT improves the efficacy of oral PDE5 inhibitors remains
unclear, although two studies recently noted improved efficacy of these
agents during testosterone repletion in hypogoanadal men.

ED and Sleep Disorders
Forty-eight percent of men with sleep disorders have ED (39,40); cor-

respondingly, 50% of men with decreased nocturnal erectile activity have
some form of sleep disorder (41). Treatment of the sleep apnea syndrome
may also lead to improvement in erectile function (52).

ED and Vascular Disease
The association between ED and CVD is greater than would be expected

on the basis of age and gender alone. In the MMAS, ED was associated
with increasing age and several risk factors for atherosclerotic vascular
disease: An elevated LDL level or a low HDL level, diabetes mellitus,
hypertension, or smoking at entry into the prospective cohort study was

Fig. 16. Prostate risks of testosterone replacement. Because of the trophic effects
of testosterone on the prostate, caution is necessary in men with benign prostatic
hyperplasia. It remains uncertain whether testosterone replacement alters risk of
prostate cancer. T, testosterone; PSA, prostate-specific antigen. Adapted from
refs. 29,30,34–36.
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Fig. 17. Testosterone (T) replacement: monitoring prostate-specific antigen
(PSA). Because T replacement may enhance prostate growth, monitoring of PSA
levels is appropriate, with referral for persistent increases or velocity enhance-
ment greater than 0.75 ng/mL/yr. PSA, prostate-specific antigen; T, testosterone.

Fig. 18. Erectile dysfunction (ED) may signal vasculopathy. Studies of men with
ED corroborate the vasculopathic nature of the disorder; a disproportionate num-
ber of men with ED harbor other vasculopathies. CAD, coronary artery disease;
CVD, cardiovascular disease; ED, erectile dysfunction; ETT, exercise tolerance
testing. Adapted from ref. 52.

associated with a nearly fourfold increase in the risk of developing ED (for
any single factor present) with a greater likelihood of developing ED if
multiple risk factors were present. In essence, the risk factors for ED are
the same as those for CAD (7,8,15).

Several studies have examined whether the presence of vasculogenic
ED can serve as a predictor of asymptomatic ischemic heart disease.
Clearly, the reverse assumption is true—the greater the extent of heart
disease, the greater is the likelihood of ED (Fig. 18).
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Dhabuwala et al. noted that 42% of their male patients who had had a
myocardial infarction reported ED (43). Morley and others observed that
ED is present in two-thirds of men at the time of myocardial infarction.
This incidence of penile vascular impairment has been repeatedly dem-
onstrated in patients with coronary artery disease and other vascular risk
factors (44). Shabsigh et al. have consistently noted that the rate of ED
was found to be higher in patients with one vascular risk factor than in
those with none, and that the severity of ED (as noted by the proportion
of abnormal vascular findings) significantly increased as the number of
risk factors increased (45). More recently, Greenstein et al. reported the
outcome of a study, the first of its kind, demonstrating that self-reported
erectile function correlated with the number of afflicted coronary vessels
in 40 men undergoing coronary angiography owing to ischemic symp-
toms (46). Men with multivessel CAD were more likely to experience
ED than were men with single-vessel disease. Solomon and others also
assessed the prevalence and severity of ED in a cohort of men who
underwent coronary angiography (47). In this cross-sectional study of
132 men with angio-graphic coronary disease, 65% showed objective
evidence of ED on the International Index of Erectile Function. The
erectile function score correlated with the cardiovascular risk factors and
with the atherosclerotic disease burden, as assessed by the Gensini score,
even after allowance for drug therapies associated with ED. Clearly dem-
onstrated is a correlation between the degree of ischemic heart disease
and the degree of ED.

Thus, CVD is a predictor of ED. More than 60% of men with a history
of myocardial infarction have ED, and more than 66% of men have ED
after coronary artery bypass grafting (8). In selected cases, i.e., young
men with very localized vascular diseases, pelvic vascular surgery and
angioplasty have been documented to improve erectile function.

ED is a predictor of occult dyslipidemias. Men presenting with ED
have a significant risk of dyslipidemia. Billups found that of 57 men 23
to 64 yr of age who had undergone penile Doppler ultrasonography and
lipid screening, 60% had abnormal total cholesterol levels, including
89% with abnormal LDL level (Fig. 19) (48).

Together, these data beg the question, “Is vasculogenic ED a predictor
of occult CAD (not known to the patient or the physician)?” Is ED the tip
of the iceberg in regard to systemic vascular disorders (49)? The inci-
dence of occult CAD increases with age, and studies of CAD by nuclear
imaging have suggested that by the age of 70, more than 33% of CAD is
occult (50). In this context, the physician treating ED will confront CVD
as a comorbidity in a significant number of patients.
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Of 50 men with ED who were prescribed sildenafil, 20 (40%) had sig-
nificant coronary occlusions, with more than 56% of these men having a
positive exercise tolerance test (51).

Kim, Paick, and others also examined potential predictors of asymptom-
atic ischemic heart disease in patients with vasculogenic ED and have rep-
licated these findings (52). In almost 100 patients who were given
pharmacological erection tests and then classified into two groups, respond-
ers and nonresponders, 50% of the nonresponders had two or more cardio-
vascular risk factors. Of these, approx 16% experienced ischemic changes
on the exercise tolerance test (Fig. 20).

Should all asymptomatic men who present with ED undergo non-
invasive cardiac testing? Clearly, we cannot yet make that argument.
These men should undergo thorough cardiovascular risk assessment,
however, including evaluation for hyperlipidemia, hypertension, diabe-
tes mellitus, and peripheral vascular disease. Further testing can thus be
individualized based on the number of cardiovascular risk factors and
cardiovascular symptoms.

Finally, regarding the issue of a potential tachyphylaxis effect of long-
term sildenafil use, it is thought that the majority of men who initially

Fig. 19. Phosphodiesterase type 5(PDE5) comparisons. Vardenafil andsildenafil
are very similar agents. The very long half-life of tadalafil allows for the long
“window of opportunity” (36 h) for restoration of sexual function. PDE5, phos-
phodiesterase type 5.
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respond well to sildenafil but on follow-up report a decrease in erectile
function have worsening vascular disease or other increasing burden of
endothelial toxicity (e.g., worsening diabetes, worsening hyperlipidemia).
Many of these same men who report decreased efficacy also have poorly
controlled lifestyle issues or ED risk factors, such as smoking, obesity, or
sedentary behavior (53).

In summary, it is the authors’ belief that clinicians should view ED as
one of the earliest and most useful clinical indicators of potentially dispro-
portionate cardiovascular risk burden available.

TREATMENT OF ED: THE NEW ORAL AGENTS

The availability of sildenafil citrate (Viagra®), a PDE5 inhibitor and the
first effective oral agent for ED, has dramatically increased the number of
men seeking treatment and shifted much of the management for ED to
PCCs. At present, two other agents have received Food and Drug Admin-
istration approval in the United States: vardenafil (Levitra®) and tadalafil
(Cialis®). Despite the common belief that PDE inhibition is a new topic,
clinicians have been manipulating PDE for decades: Caffeine also is
a weak PDE5 inhibitor. Anecdotal reports even suggest that caffeine
improves erectile function (54). Aminophylline is a nonspecific PDE
inhibitor, and cilosatzol (Pletal) is a PDE3 inhibitor. On the therapeutic
horizon are PDE4 inhibitors with demonstrated usefulness in asthma.

PDE5 inhibitors inhibit PDE5 at low concentrations, thereby prevent-
ing it from destroying cyclic guanine monophosphate (cGMP), the ulti-
mate mediator of erection. cGMP is released after guanylate cyclase,

Fig. 20. Evaluating phosphodiesterase type 5 efficacy. When comparing pharma-
cotherapies, it is important to understand which metric is being utilized. The most
stringent criterion is the Sexual Encounter Profile question 3: were you able to
complete successful intercourse?
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induced by nitric oxide (NO), converts guanosine triphosphate (GTP) to
cGMP. Because men with vasculopathy of any origin are not efficient in
the production of NO, they are less capable of producing cGMP and
hence less able to achieve erection. PDE5 inhibitors do not stimulate
erection; rather, by blocking degradation of cGMP, they enhance and
prolong the activity of whatever cGMP the patient can produce. Because
PDE5 inhibitors require sufficient sexual stimulation to release NO, it is
not surprising that there is a learning effect in some patients who are
reinitiating sexual activity. Although about two-thirds of men respond
within the first two doses, the rest only begin to respond on subsequent
dosing, reaching a maximum threshold of response after six to eight
doses. (These data are based on sildenafil use; although we have no
tadalafil or vardenafil data for comparison, it is anticipated that similar
responsiveness would be seen) (55).

Vardenafil (Levitra) is a PDE5 inhibitor with a pharmacokinetic profile
and molecular configuration nearly identical to that of sildenafil. The other
approved PDE5 inhibitor is tadalafil (Cialis), which has a unique chemical
structure and pharmacokinetic profile that differs from both sildenafil and
vardenafil.The release of these new PDE5 inhibitors greatly expands the
PCC’s choices for first-line ED therapy and, in addition, raises important
questions. First, how do we choose between these three drugs? Second,
how do the new drugs differ from sildenafil, the established benchmark in
the past 5 yr of oral ED treatment?

More than 11,000 patient-years of experience with sildenafil exists, as
well as a tremendous amount of reassuring safety and efficacy data.
Although response rates to sildenafil are high, depending on the under-
lying cause of ED, up to 20 to 40% of patients may fail to respond to
PDE5 inhibition (56). Twelve percent of men may discontinue the drug
owing to lack of efficacy within 2 yr, yet it remains uncertain whether this
is caused by an actual loss of efficacy, inadequate follow-up, or a wors-
ening underlying comorbid disease state. In controlled clinical studies,
discontinuation rates because of insufficient clinical response over 2 to
3 yr are reported to be only 2.1% (57). Only 1 to 3% of men discontinue
sildenafil because of side effects (58). Clearly, current pharmacological
treatment of ED can be improved on and individualized with regard to
efficacy, pharmacokinetics, and side effects. A significant amount of
attention must be given to the overall management of the ED patient,
however, to allow such therapies to deliver optimal outcomes.

To understand these new oral agents in the absence of controlled head-
to-head trials, it is important to examine some of their distinguishing
features, including selectivity, onset and duration of action, safety, and
efficacy in disease states commonly seen by the primary practitioner.
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Selectivity and Potency

Selectivity is an important issue because there are no pure PDE5 inhibi-
tors. In addition to inhibiting PDE5, both sildenafil and vardenafil produce
modest receptor crosstalk; within the therapeutic range, they can also pro-
duce effects of PDE6 inhibition (i.e., PDE6 inhibition affects the cones of
the retina, thereby resulting in the blue vision experienced by some users
of sildenafil and vardenafil) (58), whereas these effects are absent with
tadalafil. In contrast, only tadalafil has definite PDE11 inhibition at thera-
peutic doses, although this significance is not yet clear. PDE11 is present
in the pituitary, heart, testes, and corpus cavernosum. Inhibition does not
appear to lower sperm counts.

The potency of enzyme inhibitors is often documented in terms of 50%
inhibitory concentration (IC50), which is defined as the concentration of the
compound required to produce 50% inhibition of the enzyme.

The lower the IC50, the higher the biochemical potency of the com-
pound. The IC50 of vardenafil is 0.7 nM, vs 6.7 nM for sildenafil and 9.0 nM
for tadalafil (59). This implies that it takes 1/90 of the same amount of
vardenafil to achieve the same PDE5 inhibition as sildenafil. How this
translates to clinical efficacy remains unclear at this time. Biochemical
potency should not be confused with clinical potency, because many other
factors, such as drug absorption, distribution, and elimination, also con-
tribute to potency (Fig. 21) (60).

Fig. 21. Diabetes and erectile dysfunction. Although patients with diabetes do not
have the same degree of responsivity to phosphodiesterase type 5 inhibitors as
other populations, medication is still highly effective. EF, erectile function; ITT,
intent-to-treat; LOCF, last observation carried forward. *p < 0.0001 vs placebo.
Adapted from ref. 71.
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Onset of Action

None of these agents works immediately or without sexual stimulation.
Most studies suggest that these agents have an onset of action of 30 to 60 min
(Fig. 22), although there have been reports that some individuals become
responsive with any of the three available agents in less than 20 min.

For the clinician, however, it is more germane to know when the major-
ity of potential users will respond. In general, the onset of action varies
from individual to individual and may be lengthened (for both sildenafil
and vardenafil) if taken with food, high-fat food in particular. Tadalafil
appears to act independently of food absorption (61–65).

Clinicians can be confident in advising patients that by 1 h after inges-
tion on an empty stomach, all currently available PDE5 inhibitors are
efficacious.

Duration

The reported half-lives (t1/2) of sildenafil (3.5 h) and vardenafil (4.5 h)
generally provide for a window of opportunity for initiating sexual inter-
course of approx 4 to 5 h. The t1/2 of tadalafil is between 17 and 21 h (see
Fig. 22).

Indeed, trials examining drug efficacy show that intercourse response
rates were undiminished 36 h after administration compared with the
first few hours after administration. In theory, men could use this long-

Fig. 22. Diabetes and erectile dysfunction. Although patients with diabetes do not
have the same degree of responsivity to phosphodiesterase type 5 inhibitors as
other populations, medication is still highly effective. *Has the treatment you been
taking imnproved your erection? †Patients with diabetes. Studies LVBN, LVCE,
LVCO, and LVDJ. Adapted from ref. 63.
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acting agent on an every-other-day basis and initiate intercourse at any
time they wish without having to interrupt the spontaneity of sexual
energy by preparing for sex, as they would with either of the shorter-
acting agents.

Although tadalafil may give some men greater confidence about their
erectile function without regard to time and may allow for greater sponta-
neity, the implications of prolonged PDE5 inhibition remain uncertain.
The longer the duration of PDE5 inhibition, the longer that nitroglycerin
is proscribed. On the other hand, clinicians should recognize that nitro-
glycerin provides symptomatic relief only and is not a disease-modifying
agent (i.e., since the thrombolytic era, data have not shown a survival
benefit for recipients of nitroglycerin). Persons who suffer chest pain
acutely and require medical intervention can be given traditional analge-
sics (e.g., morphine) for pain relief.

The adverse effect profile of tadalafil appears comparable to that of
the other PDE5 inhibitors. Current thinking suggests that symptoms may
be more directly related to maximum concentration than to steady state,
explaining the rapid disappearance of adverse effects, in a parallel fash-
ion to that seen with sildenafil and vardenafil.

Safety and Adverse Effects

Safety and adverse effects are clearly important concerns given that
many of the men treated for ED have risk factors identical to those for
CVD. A careful assessment of cardiovascular status before prescribing
treatment for ED or advising the resumption of sexual activity is recom-
mended (66). To date, there is no evidence that any of the PDE5 inhibitors
have direct adverse cardiovascular effects. In fact, the reverse may be true,
because recent studies suggest that sildenafil may delay exercise-induced
ischemia and angina (67).

Population-based studies indicate that the rate of myocardial infarction
among those taking PDE5 inhibitors is less than that seen in age-matched
populations who do not take these agents. Perhaps this should not be sur-
prising when one considers that the original rationale in the development
of PDE5 inhibitors was the belief that they might enhance coronary circu-
lation and hence be useful as antianginal agents.

Overall, PDE5 inhibitors are well-tolerated agents that have similar
mild-to-moderate adverse affects, which seem to diminish with use. The
most common adverse events are headache, nasal congestion, facial flush-
ing, and dyspepsia. There appears to be a greater incidence of myalgia and
low back pain with tadalafil, although the cause of this myalgia remains
unclear. The only absolute contraindication to all of the PDE5 inhibitors
is concomitant use of organic nitrates (i.e., nitroglycerin and related



Chapter 7 / Erectile Dysfunction Assessment and Management 173

chemicals). All PDE5 inhibitors potentiate nitrate-induced vasodilation,
resulting in potentially disastrous hypotension.

Because concomitant -blockers–PDE5 inhibitors can produce hypo-
tension, clinicians need to be aware of contraindications. With vardenafil,
there is an absolute contraindication to the concomitant use of any -blockers
(i.e., doxazosin, terazosin, tamsulosin, alfuzosin). The use of tadalafil
contraindicates the administration of -blockers other than 0.4 mg of
tamsulosin; and caution should be exercised in the coadministration of
sildenafil doses of more than 25 mg within 4 h of an -blocker.

Efficacy
In one placebo-controlled study, a baseline 51% placebo penetration

rate (Sexual Encounter Profile [SEP] question (Q) 2: “Were you able to
insert your penis into your partner’s vagina?”) improved to 76 and 81%
with 10 and 20 mg of vardenafil, respectively, at 12 wk, without change
at 26 wk (68). In the same study, the maintenance rate (SEP Q3: “Did your
erections last long enough to have successful intercourse?”) improved
from 30% with placebo to 65% in both the 10- and 20-mg groups at 12 wk
(Figs. 23 and 24).

Fig. 23. Phosphodiesterase type 5 (PDE5) and safety. The cardiovascular safety
profile of PDE5 inhibition is excellent. Sexual activity, like any other vigorous
activity, may induce myocardial ischemia in men with compromised vascular
supply. There is no evidence to suggest that PDE5 inhibitors have a deleterious
impact on this risk. PDE5, phosphodiesterase type 5.
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Finally, a phase III multicenter trial evaluated the efficacy of vardenafil
at doses of 5, 10, and 20 mg vs placebo in 508 patients with hypertension,
benign prostatic hypertrophy, and diabetes (69). The response to the gen-
eral assessment question (GAQ), “Has the treatment you have been taking
over the past 4 wk improved your erections?” was assessed. After 12 wk
of treatment, 65% of patients in the 5-mg treatment group responded posi-
tively, as did 72% in the 10-mg group and 81% in the 20-mg group, in
contrast to placebo response rates of 39%.

The GAQ data gleaned from the Vardenafil Prostatectomy Study rose
from 12.5% with placebo to 65.2% with 20 mg of vardenafil at 12 wk, and
in the Vardenafil Diabetes Study rose from 13% with placebo to 72% at 20
mg for 12 wk (Fig. 25) (70,71).

For tadalafil, Padma-Nathan and others found the following in response
to the GAQ at 12 wk, with a 35% response to placebo: 42% improvement
with 2.5 mg, 50% improvement with 5 mg, 67% improvement with 10 mg,
and 81% improvement with 20 mg (72). The efficacy rates are also com-
parable with those seen with vardenafil in response to the GAQ in the
diabetic population: 32% with placebo, 52% with 5 mg, 61% with 10 mg,
and 76% with 20 mg (Fig. 26).

The response rate to SEP Q3 (successful intercourse) was also high with
tadalafil. This percentage of successful intercourse attempts ranged from
32% with placebo to 61% with 10 mg and 75% with 20 mg.

In contrast, the efficacy of 50 mg of sildenafil at 12 wk is 70%, vs 16%
for placebo (73). When comparing the efficacy data of these PDE5 inhibi-

Fig. 24. Sexual activity and cardiovascular risk. MI, myocardial infarction.
Adapted from ref. 78.
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tors, one must use caution, given that there are no head-to-head compara-
tive trials and that different patient populations may affect treatment out-
comes.

The most common adverse affects again appear to be class related for
the PDE5 inhibitors: headache, flushing, rhinitis, and dyspepsia.

Fig. 26. Risk stratification: Princeton guidelines. Adapted from ref. 66.

Fig. 25. Sexual activity and cardiovascular risk. For clinicians who wish to risk-
stratify patients prior to sexual activity, guidelines, such as the Princeton Guide-
lines, may be useful. The United States Preventative Services Task Force has
indicated that there is no evidence that exercise testing in asymptomatic men
improves outcomes. CAD, coronary artery disease; CHF, congestive heart failure;
LVD, left ventricular dysfunction; MI, myocardial infarction; NYHA, New York
Heart Association. Adapted from ref. 66.
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CVD and PDE5 Inhibitors

In placebo-controlled and open-label phase II/III clinical trials includ-
ing men with ischemic heart disease, the following points can be made:

• There was no evidence of an increase in myocardial infarction or other
serious cardiovascular events in patients treated with sildenafil, com-
pared with those using placebo (74). Furthermore, the number of sponta-
neous reports of death among sildenafil users falls within the mortality
rates for heart disease described in epidemiological studies.

• Oral sildenafil, when given to those men undergoing coronary angiogra-
phy, produced only a small decrease in systemic arterial pressure (<10%)
and had no effect on pulmonary capillary wedge pressures, heart rate, or
cardiac output (67). It was not found to induce a steal syndrome by divert-
ing blood flow from occluded to nonoccluded vessels.

• Sildenafil may dilate epicardial coronary arteries, improve endothelial
cell function, and inhibit platelet activation in patients with established
coronary disease (75).

• In a retrospective analysis of 357 men reporting a history of stable is-
chemic heart disease, 70% reported improved erections (SEP Q2) while
taking sildenafil, vs 20% with placebo (76).

• The effects of sildenafil in men with severe CAD have been evaluated
using hemodynamic monitoring. The medication exerted no effect on
heart rate, cardiac output, or other central cardiac parameters. Coronary
blood flow reserve increased by 13% in both stenosed and nonstenosed
arteries after treatment with PDE5 inhibitors (67).

• In those men with CAD assessed by stress echocardiography after admin-
istration of sildenafil, an average reduction of 7 mmHg in the systolic
blood pressure was noted, with no change in exercise capacity or hemo-
dynamic response to exercise (77).

The implications of these data are as follows(Fig. 27):

• No significant additional risk exists with the use of PDE5 therapy in men
with stable cardiac disease.

• Modest reductions in blood pressure occur with PDE5 therapy, with no
clinically relevant orthostatic effects.

• The coadministration of organic nitrates and PDE5 inhibitors produces
a synergistic effect in lowering blood pressure to a potentially serious
degree.

• A slight risk of developing ischemia or infarction is associated with
sexual activity, as noted in the Myocardial Infarction Onset Study. This
study concluded that the relative risk of a myocardial infarction in the
2 h after sexual activity was 2.5 (Fig. 28), a risk less than that associated
with anger and unaccustomed physical exercise (78).
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In summary, these drugs are highly efficacious and safe in the cardiac
patient, as determined through extensive study and experience with sildena-
fil. There is no information to suggest that sexual activity differs from other
activities that require similar expenditure of energy as far as cardiovascu-
lar risk is concerned (78). Sexual activity is generally recognized to require
3 to 5 metabolic equivalents of physical activity.

Fig. 28. Intermediate-risk patients. Definition of intermediate-risk patients accord-
ing to the Princeton Guidelines. CAD, coronary artery disease; CHF, congestive
heart failure; CVA, cerebrovascular accident; LVD, left ventricular dysfunction;
MI, myocardial infarction; NYHA, New York Heart Association; PVD, peripheral
vascular disease. Adapted from ref. 66.

Fig. 27. High-risk patients: Princeton Guidelines. CHF, congestive heart failure;
CVA, cerebrovascular accident; LVD, left ventricular dysfunction; NYHA, New
York Heart Association.Adapted from ref. 66.
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A man who can walk a mile in 15 min (i.e., 4 mph) has essentially
performed the equivalent of a stress test to four metabolic equivalents and
can thus successfully engage in intercourse. Although special risk strati-
fication guidelines for persons with ED have been published (Figs. 29)
(62), there is no evidence that men who are asymptomatic for CAD derive
any benefit from stress testing, except for the identification of an accurate
target exercise heart rate.

In essence, if the clinician believes that the patient will require exer-
cise testing before beginning any exercise, then the patient will similarly
require such exercise testing before engaging in sexual activity.

CONCLUSION

There are compelling reasons why primary care practitioners should be
interested in diagnosing and treating ED. They are often the first to address
the topic with their patients. ED is a sign and symptom of common
comorbid disease states in men. Patients are often grateful after discus-
sions about sexual matters and show that gratitude with increased enthu-
siasm for better health and increased confidence and loyalty to the
physician.

In reality, there is only a minimal increase in the time required to manage
these issues if they are raised in the settings described previously. Patients
are more satisfied with their appointments and attend more regularly.
Management of ED is reimbursable, by coding for organic ED.

Fig. 29. Codes for sexual dysfunction. ED, erectile dysfunction; ICD-9, Interna-
tional Classification of Diseases of the World Health Organization, 9th Edition.
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Finally, treatment of this condition blends the art of medicine with the
physiology of a domain very important to most individuals—sexual func-
tion and emotional intimacy—with evidence-based science.

It is our experience that by raising issues of sexual health, we can
establish improved rapport and obtain an additional venue to achieve
global improvements in the health of male patients. Such efforts translate
into improved satisfaction among our male patients and their partners.
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INTRODUCTION

Since the introduction of effective oral therapy for erectile dysfunction
(ED) in 1998, there has been a marked change in diagnostic and treatment
patterns among physicians who see patients with ED. Initially after the
approval of sildenafil, the great majority of prescriptions were written by
urologists. Now, as primary care physicians have become increasingly
sophisticated in their knowledge of ED, they, along with their nurse prac-
titioners and physician’s assistants, account for about two-thirds of pre-
scriptions written for phosphodiesterase (PDE) inhibitors.

The great majority of men with ED are initially seen, evaluated, and
treated by primary care physicians. Although about two-thirds of men with
ED are satisfactorily treated by oral PDE inhibitors (1), one-third are not.
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This means that primary care physicians should understand when to refer
their patients to specialists in sexual medicine for additional diagnostic
tests or treatment, or both.

To understand the indications for referral from primary care physicians
to specialists in sexual medicine, it is necessary to have a basic understand-
ing of the causes of ED, the types of ED that can be reversed with cause-
specific therapy, the diagnostic modalities available for evaluating ED,
and the range of treatment options beyond first-line oral therapy. This
chapter discusses these topics and concludes with the indications for refer-
ral from primary care physicians to sexual medicine specialists.

CAUSES OF ED

To aid in understanding the mechanisms by which ED may occur, the
causes may be categorized into four pathogenic groups. The four organ
systems that must be functioning for a man to experience a normal erec-
tion are the vascular, neurological, psychological, and endocrine sys-
tems. In addition, the smooth muscle cells of the corpora cavernosa must
function adequately. All of the causes and risk factors associated with ED
can be categorized into dysfunction of one or more of these systems.

Vascular Conditions Associated With ED

Erection is largely a vascular phenomenon. Conditions that impede the
arterial blood flow into the corpora cavernosa or interfere with the mecha-
nism of trapping blood within the corpora cavernosa during erection often
cause ED.

The most common conditions associated with ED are the same as the
risk factors for endothelial dysfunction. These include smoking, hyperten-
sion, diabetes, dyslipidemia, peripheral vascular disease, and coronary
vascular disease (2).

Age has been identified as an independent risk factor for ED. The mecha-
nisms by which age causes ED are not completely understood, but vascu-
lar, as well as neurological and hormonal dysfunction, is certainly among
them. Also, changes in the function of the smooth muscle cells of the
corpora cavernosa may result from the aging process (3).

Diabetes, which is associated with an acceleration of endothelial dys-
function, causes vasculogenic forms of ED. In addition, diabetic neuropa-
thy involving the cavernous nerves is associated with ED.

Many prescription, as well as illegal, drugs are associated with ED. Anti-
hypertensive agents, diuretics, and antidepressants are the types of drugs
that are most commonly associated with sexual side effects. Although the
precise mechanism by which many drugs cause ED is not clear, in the case
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of -and -blocking agents and diuretics, a reduction in penile arterial
blood flow is likely to be involved.

An uncommon cause of vasculogenic ED is pelvic or perineal trauma,
which may injure the internal pudendal or penile arteries, causing penile
arterial insufficiency.

Neurological Conditions Associated With ED
Erection is also a neurological phenomenon. Several common neuro-

logical conditions may be associated with ED. One of the most common
of these is diabetes. In addition to causing premature or accelerated vascu-
lar disease, diabetic peripheral neuropathy may cause ED. This is, in fact,
a common cause of ED in diabetic men.

Several other causes of peripheral neuropathy are associated with a high
incidence of ED. These include alcoholism, human immunodeficiency
virus infection, and administration of a variety of medications, including
antiviral agents. In addition to peripheral neuropathy, other neurological
conditions may be associated with ED. Among these are multiple sclerosis,
Parkinson’s disease, spinal cord injury, spinal cord tumor, and syringo-
myelia.

The risk of ED in men who have had significant pelvic or perineal
trauma is high. Pelvic and perineal trauma cause ED either by compromise
of the pudendal or penile arteries, or both, or by injury to the cavernous or
other pelvic nerves.

Treatment of cancer of the rectum, bladder, or prostate by radical pelvic
surgery, external-beam radiation therapy, or interstitial brachytherapy
carries a significant risk of ED. The pathogenesis of ED associated with
treatment of pelvic cancer is multifactorial and may be vasculogenic, psy-
chological, or neurogenic. When neurogenic, ED is a result of surgical or
radiation injury to the cavernous nerves.

Endocrine Conditions Associated With ED
The endocrine conditions associated with ED are those conditions that

cause hypotestosteronemia, such as testicular atrophy and hypopitu-
itarism. The precise mechanism by which hypotestosteronemia causes ED
is not clear. In fact, most experts believe that hypotestosteronemia is more
likely to cause decreased sexual interest than it is to cause ED. Neverthe-
less, ED in hypogonadal men can be ameliorated by testosterone replace-
ment therapy (4).

Psychological Conditions Associated With ED
In virtually all men with ED, there is a significant psychological com-

ponent. The psychological component may be primary, but even in cases
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of primarily organic ED, frequently there is a secondary psychogenic com-
ponent.

There is a strong association between ED and clinical depression. Men
with ED are more likely to be depressed, and men with depression are more
likely to have ED (5). Similarly, successful treatment of depression is
likely to ameliorate ED, and successful treatment of ED is likely to ame-
liorate depression (6).

There is a high prevalence of ED in alcoholism and other forms of drug
abuse, including abuse of street drugs, such as cocaine and heroin. It is not
clear whether ED associated with alcoholism and drug abuse is purely
psychogenic, whether there are direct effects of these drugs on sexual
function, or whether there are other comorbidities that cause the ED. In
alcoholic men with cirrhosis, ED is often a result of low blood levels of
testosterone and high blood levels of estrogen.

Lower Urinary Tract Symptoms Associated With ED
In the past few years, epidemiological studies have shown a relationship

between ED and lower urinary tract symptoms (LUTS).
One large epidemiological study clearly documents that erectile func-

tion declines with increasing severity of LUTS independent of age. The
same study shows that ejaculatory function also declines with increasing
severity of LUTS independent of age (7). Therefore, LUTS, such as uri-
nary frequency, urgency, nocturia, restricted flow, double voiding, and
urinary hesitancy are risk factors for both erectile and ejaculatory dysfunc-
tion. The mechanism responsible for this relationship is not understood at
the present time.

Chronic Diseases Associated With ED
Several other chronic disease states are associated with a significant risk

of developing ED. The most common of these are chronic renal failure,
chronic hepatic failure, and chronic pulmonary disease. The precise mecha-
nism by which these chronic conditions cause ED is not known. Multiple
factors are probably involved; these include vasculogenic, neurogenic,
and endocrine factors, often combined with markedly decreased sexual
interest.

REVERSIBLE CAUSES OF ED

Of the various causes of ED, it is important to understand that there are
only four that may be reversible with cause-specific therapy. These four
causes are (1) predominantly psychogenic ED; (2) arteriogenic ED owing
to pelvic and/or perineal trauma; (3) ED owing to hypotestosteronemia;
and (4) neurogenic ED owing to reversible peripheral neuropathy.



Chapter 8 / When to Refer to a Specialist 189

In men whose ED is predominantly psychogenic, psychotherapy has the
potential to be curative. These patients should be referred for psychologi-
cal or psychiatric evaluation and treatment.

In young men who have had pelvic fractures as a result of trauma, ED
may result from injury to the internal pudendal or common penile arteries.
Penile arterial reconstruction or bypass surgery can be very effective in
this very small group of men. These patients should be referred to a spe-
cialist in sexual medicine for vascular evaluation, which may lead to penile
microvascular surgery.

Rarely, ED is associated with reversible peripheral neuropathies, such
as pernicious anemia and vitamin B deficiency. The ED resulting from
these reversible neuropathies can be cured by successful treatment of the
neuropathy.

ED resulting from low testosterone levels and often associated with
decreased sexual desire, can be eliminated by testosterone replacement
therapy.

Thus, it is important for the primary care physician to identify patients
in these four categories and then to either initiate specific therapy, such as
testosterone replacement therapy, or refer the patient to an appropriate
expert, such as a psychotherapist, microvascular surgeon, or neurologist.

Other than these four causes of ED, which can be reversed by specific
therapy, all other therapies for ED are nonspecific and can be used for
almost every patient regardless of the cause of the ED.

DIAGNOSIS OF ED

Psychogenic ED

It is impossible to objectively identify which patients have predomi-
nantly or purely psychogenic ED. However, it is important to diagnose
patients in this category because these patients should be treated with
psychotherapy. Various tests can be used to aid in the diagnosis of psycho-
genic ED, but all of the tests for psychogenic ED lack specificity and
sensitivity.

Nocturnal erections are associated with the rapid eye movement phases
of sleep. It is normal for a man to have two to five erections per night, each
erection lasting from 1 to 30 min or more. Patients in whom the cause of
ED is predominantly psychogenic usually have a normal pattern of noctur-
nal erections, whereas patients who have organic causes of ED usually
have abnormal nocturnal penile tumescence and rigidity (NPTR).

Monitoring of NPTR is most commonly done with a device called the
RigiScan monitor (Timm Medical Technologies, Eden Prairie, MN) (8).
This consists of a pair of loops that are placed at the tip and the base of the
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penis and then connected to a computer. The patient wears the computer
on his thigh for two or three nights. The loops measure penile circumfer-
ence and radial rigidity. RigiScan testing can be conducted in the home
setting or in a sleep laboratory. In the sleep laboratory, NPTR is continu-
ously monitored, along with electroencephalography and electro-
oculography. Although studies in a sleep laboratory are very expensive,
they do provide the most objective testing, because rapid eye movement
sleep can be shown to be present or absent.

RigiScan monitoring of erections can also be undertaken in a laboratory
setting using erotic audiovisual sexual stimulation. Many experts believe
that the erectile response to erotic audiovisual stimulation more closely
simulates psychogenic erectile function than does monitoring of nocturnal
erections.

Monitoring of NPTR is fraught with false-negative results but can be
very useful, particularly in men who claim to have totally absent conscious
erectile function but who have completely normal nocturnal erections. For
this reason, RigiScan studies are much more meaningful when they are
normal than when they are abnormal.

Psychometric tests, such as depression scales and personality question-
naires, have been used to evaluate patients for psychogenic ED but have
been largely abandoned for lack of specificity. Psychological or psych-
iatric opinion, as subjective as it may be, is often the final determining
factor in identifying men whose ED is predominantly psychogenic.

Neurogenic ED
Neurogenic ED is easy to recognize in men who have peripheral neur-

opathy, such as diabetic neuropathy or that associated with human immu-
nodeficiency virus infection. However, there is still no specific clinical test
for neurological function of the corpus cavernosum. Testing methods for
peripheral and autonomic neuropathies may be used as surrogates for the
neurological function of the corpora cavernosa. These include tests of
penile dorsal nerve conduction velocity and of sensation of the genitalia.
Biothesiometry has been used as a measure of the vibration threshold of the
penis. Bulbocavernosus reflex latency time has also been used for this
purpose, as have genitocerebral-evoked responses (9). None of these tests,
however, directly measures the sensory or motor component of the auto-
nomic nerves involved in the erection reflex. They provide only indirect
evidence of peripheral neuropathy.

ED of Endocrine Origin
There is no consensus among experts regarding which is the best endo-

crine blood test to identify clinically significant hypotestosteronemia.
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Some experts recommend testing of total serum testosterone level, whereas
others recommend testing of free testosterone or bioavailable testosterone.
The testing for hypogonadism, specifically for hypotestosteronemia, is
important because treatment of ED as a result of this condition is simple
and effective.

Vasculogenic ED
Many tests have been developed for identifying the presence of

arteriogenic, venogenic, or mixed ED.
A test that can be performed as an office procedure to screen for

vasculogenic factors is the intracavernous injection test of vasoactive
drugs. Typically, 10 to 20 μg of alprostadil is administered, although other
agents and combinations of agents may be used.

The erectile response to such injections is assessed over about 30 min.
If the erectile response is incomplete, self-stimulation, erotic audiovisual
videotape stimulation, or a second injection may be administered. A con-
tinued poor response to large doses of drugs suggests either vasculogenic
ED or inhibition of the response because of anxiety. Because the
intracavernous injection test may have false-negative responses because
of anxiety or psychological factors, it is not considered highly reliable and
is not used frequently. However, a good erectile response to the intra-
cavernous injection test can be useful in selecting patients who are good
candidates for self-injection therapy, even though it does not rule out the
presence of mild penile arterial insufficiency (10).

For studying the arterial side of the penile circulation, color duplex
Doppler ultrasonography of the corpus cavernosum is the most commonly
used test (11). In this test, a 5- to 10-MHz ultrasound probe is placed on the
penis before and after intracavernous injection of a vasoactive drug, such
as alprostadil, papaverine, or phentolamine. The technique provides real-
time images of the cavernous arteries and measurements of the diameter
and blood flow velocity in these arteries. Normal results are homogeneity
of the cavernous tissue, peak blood flow velocity in the cavernous arteries
of more than 30 mL/s, and an increase in diameter of the cavernous arteries
after intracavernous injection of vasoactive drugs of greater than 70% over
baseline (12).

For identifying abnormal function of the venous side of the circulation
of the corpora cavernosa, there is a relatively simple test that can identify
corporovenous occlusive dysfunction. In this test, a 19-gage butterfly needle
is placed into the corpus cavernosum on one side. A large dose of vaso-
active drug is administered through the needle. Five minutes later, when a
partial erectile response should have started to occur, heparinized saline is
injected into the corpus cavernosum through the butterfly needle to create
a full and rigid erection. Then the rate of injection needed to maintain the
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erection is measured. The flow rate needed to maintain the erection is
equivalent to the rate at which blood is leaving the corpora cavernosa.
Sometimes the flow-to-maintain rate is referred to as the venous leak rate.
In a normal male, the maintenance flow rate is less than 5 to 10 mL/min.
Standards of flow-to-maintain rates in men with veno-occlusive dysfunction
have not been defined. It seems reasonable to say that rates of 10 to 20 mL/
min suggest mild corporovenous occlusive dysfunction, 20 to 40 mL/min
suggest moderate corporovenous occlusive dysfunction, and greater than
40 mL/min suggest severe corporovenous occlusive dysfunction. Sophis-
ticated pumps and pressure measurements using advanced technology have
been developed for controlling the rate of infusion of heparinized saline
into the corpora cavernosa and for measuring the intracavernous pressure.
These are used in referral clinics specializing in sexual medicine.

Penile arteriography can be used to demonstrate the anatomy of the
penile blood flow (13). This rarely performed test produces anatomical
but not functional information about penile blood flow. It requires
superselective catheterization of the internal pudendal or penile arteries
with concomitant intracavernous injection of vasoactive drugs. The con-
trast agent used for the arteriogram should be mixed with vasodilating
drugs. The timing of obtaining the radiographic images and the position-
ing of the patient require special attention and experience to achieve
optimum results. Penile arteriography is indicated only in preparation for
penile arterial revascularization, a microvascular procedure used exclu-
sively in young men with ED after pelvic or perineal trauma.

The clinical value of diagnostic testing for arteriogenic, venogenic, or
mixed ED is limited. The majority of men with erectile dysfunction respond
to first-line therapy and do not need to be tested for vasculogenic factors,
even if they are present. Testing for vasculogenic factors as a cause of ED
should be limited to young men with ED owing to severe pelvic or perineal
trauma, men with a lifetime history of ED, and men who have a genuine
psychological need to know whether the cause of their dysfunction is psy-
chogenic or organic.

OPTIONS FOR THE TREATMENT OF ED

Oral therapy with a PDE inhibitor is the first-line therapy for the major-
ity of men with ED. Oral therapy with PDE inhibition is most commonly
prescribed by primary practitioners. Other first-line therapies apply only
to special situations. These include psychotherapy for men with predomi-
nantly psychogenic ED and testosterone therapy for men with hypo-
testosteronemia. The former is administered by psychotherapists or
psychiatrists, and the latter is administered by primary practitioners, inter-
nists, endocrinologists, or urologists.
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More advanced therapies for ED generally require greater time and
supervision from the prescribing physician than does oral therapy. They
are usually administered by a physician with a specific interest in sexual
medicine, although some primary care physicians who have a special
interest in ED also administer more advanced treatments. Second-line
therapies include the intraurethral application of alprostadil; intracavern-
ous injection therapy using alprostadil or a combination of alprostadil,
papaverine, and phentolamine; and vacuum therapy. Third-line therapy
consists of penile prosthesis implantation.

Intraurethral alprostadil therapy is administered by the insertion of a
1 × 3-mm pellet into the distal urethra. The alprostadil is absorbed through
the urethral wall. Some of it is transferred through small vascular commu-
nications to the corpora cavernosa (14). In clinical practice, this therapy
provides a satisfactory solution to the problem of ED for only about one-
third of men who use it.

Intracavernous injection therapy is administered by the percutaneous
injection of papaverine, alprostadil, or phentolamine in various doses into
the corpora cavernosa. This therapy is effective for about two-thirds to
three-fourths of men with ED (15). There is a high dropout rate because of
the inconvenience of intracavernous injection.

Vacuum erection therapy is effective in about three-fourths of men as
well (16). As is the case with intracavernous therapy, there is a high drop-
out rate with vacuum therapy, because the equipment required may be
awkward or inconvenient to use.

Despite their drawbacks, these second-line therapies are very good
methods of dealing with ED for some, if not many, men.

Penile prosthesis implantation is the most reliable method of treating
ED and the most invasive. More than 85% of men who use a penile pros-
thesis and their partners report satisfaction with this modality of therapy
(17). Penile prosthesis implantation should be offered as an option to all
men with ED in whom first-line treatment with PDE inhibition is intoler-
able, unsuccessful, or contraindicated.

Clinical use of these second- and third-line therapies almost always
requires referral of patients from the primary care arena to a specialist in
sexual medicine.

A PRACTICAL APPROACH
TO THE DIAGNOSIS AND TREATMENT

OF ED BY THE PRIMARY CARE PHYSICIAN

For the primary care physician, the basic evaluation of patients with ED
should consist of a careful psychosexual history, a general medical history,
a focused physical examination, and basic laboratory tests.
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The psychosexual history is the single most important part of the diag-
nostic evaluation of patients with ED. An excellent method of giving the
patient permission to discuss his sexual dysfunction is to say, “Many men
of your age experience sexual difficulty. Has this happened to you?” This
discussion should be conducted in an environment that is comfortable for
the patient. This requires the physician to be nonjudgmental, open, and
frank. It requires the use of language that the patient understands. For some
patients, this language may include “street” or vulgar terms.

Validated sexual surveys and questionnaires may be helpful in follow-
ing a patient’s progress. One such questionnaire is the Sexual Health
Inventory for Men (SHIM). It consists of five questions about sexual
function. Briefly, the questions ask the following:
1. How often is the patient able to get an erection with sexual activity?
2. How often are the patient’s erections hard enough for penetration?
3.  How often is the patient able to penetrate with sexual activity?
4. How often is the patient able to maintain his erection after penetration?
5. How difficult is it to maintain the erection to completion of intercourse?

Each question can be scored from 1 to 5, giving a maximum score of 25.
Patients scoring a total of 22 to 25 points are considered to have normal
erectile function. Scores of 17 to 21 indicate mild ED, scores of 12 to 16
indicate mild-to-moderate ED, scores of 8 to 11 indicate moderate ED, and
scores of 7 or less indicate severe ED. Printed pads of the SHIM are avail-
able and make administration of the SHIM an easy waiting-room activity.

The general medical history should include questioning designed to
elucidate the presence of major risk factors for ED.The physical examina-
tion should focus on endocrine, genitourinary, vascular, and neurological
systems. The screening physical examination for ED can be done in a short
period of time. Physical examination rarely contributes significantly to
understanding the cause of ED.

Laboratory screening should include a complete blood count, urinaly-
sis, general chemical analysis, lipid profile, serum testosterone level, and
evaluation for occult coronary or peripheral vascular disease when there is
a suspicion that such may be present.

After the basic evaluation, a trial of an oral PDE inhibitor is indicated.
If treatment with an oral PDE inhibitor is successful, the treatment should
be continued, and the patient does not need referral to a sexual medicine
specialist.

WHEN TO REFER THE PATIENT
WITH ED TO A SPECIALIST

In addition to first-line oral therapy with PDEinhibition, it is appropriate
and common for primary care physicians to treat uncomplicated endocrine
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disorders, such as primary hypogonadism and simple psychological prob-
lems that may respond to reassurance and encouragement. The conditions
and situations that usually require referral from the primary care physician
to a specialist include the following:

• ED that is predominantly psychogenic.
• Complicated psychological or psychiatric disorders.
• Complex relationship problems.
• ED complicated by sexual dysfunction in the partner.
• Lifelong history of ED.
• Complicated endocrinopathies.
• Failure to respond to oral PDE inhibitors.
• Bothersome side effects from oral PDE inhibitors.
• Noncandidates for oral PDE inhibitors.
• ED owing to a reversible peripheral neuropathy.
• ED resulting from severe pelvic or perineal trauma.
• Abnormal prostate-specific antigen test in patients who are candidates for

testosterone replacement therapy.
• Peyronie’s disease.
• Reluctance of the health care provider to deal with sexual dysfunction.
• Request by the patient or his partner for a referral to a sexual medicine

specialist.

Most, but not all, specialists in sexual dysfunction are urologists or
psychologists. The primary care physician should refer the patient with
one of the listed conditions or situations to the most appropriate specialist.

Men with problems that are predominantly psychological or psychiatric
should be referred to a psychologist or psychiatrist with experience and
interest in the treatment of psychogenic sexual dysfunction. In this cat-
egory are patients whose ED is predominantly psychogenic, patients with
complicated psychological or psychiatric disorders, patients with complex
relationship problems, patients whose ED is complicated by sexual dys-
function in the partner, and patients who have a lifelong history of ED.

Patients with complicated endocrine disorders should be referred to an
endocrinologist.

Patients whose ED may be related to a reversible peripheral neuropathy
should be managed by the primary care physician in conjunction with a
neurologist.

Patients who fail to respond to oral PDE inhibitors, who have bother-
some side effects from oral PDE inhibitors, who are not candidates for oral
PDE inhibitors, whose ED is a result of pelvic or perineal trauma, who have
hypotestosteronemia with an abnormal prostate-specific antigen level, or
who have Peyronie’s disease should be referred to a urologist for further
care.
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CONCLUSION

About two-thirds of patients with ED can be managed successfully by
primary care physicians. The remaining one-third require more advanced
diagnosis and/or management than is available in most primary care set-
tings. Patients who require advanced care can be reassured by their initial
caregivers that the chance for resumption of satisfactory sexual function
can be as high as 85% if they are willing to try all available second- and
third-line therapies. Although some men with ED choose not to undertake
second- or third-line therapies, those who do are likely to have pleasurable
sexual activity for the duration of their lives.
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ERECTILE DYSFUNCTION: AN ARTERIAL DISORDER?

“Is impotence an arterial disorder?” When Virag et al. (1) asked this
question in their Lancet article in 1985, an important association between
atherogenic risk factors and erectile dysfunction (ED) was brought to our
attention. In 440 men with ED, atherogenic risk factors were significantly
more common than in a male population of similar age. Smoking (64%),
diabetes mellitus (30%), and hyperlipidemia (34%) were the most com-
mon risk factors associated with ED.
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The Massachusetts Male Aging Study estimated an annual incidence of
ED of 26 new cases per 1000 men in their population (40- to 69-yr-old
men). However, the incidence increased markedly with each decade of life.
Clearly, heart disease, diabetes, and hypertension were identified as major
risk factors in this prospective study (2,3).

A recent investigation reported a prevalence of 44% for hypertension,
23% for diabetes mellitus, 16% for tobacco use, 79% for obesity, and 74%
for elevated low-density lipoprotein cholesterol levels (>120 mg/dL)
among men with ED (4).Thus, even if various causes and factors—includ-
ing endocrine disorders, renal and hepatic dysfunction, side effects of
several medications, and psychiatric and psychogenic causes—are to be
considered in any patient presenting with ED, atherogenic risk factors and
arterial disease will play a prominent role. A recent study estimated that
75% of patients attending routine outpatient cardiology visits had chronic
stable coronary artery disease, as well as ED, as evaluated by means of a
standardized questionnaire (5).

Consequently, any patient who is under medical treatment for ischemic
heart disease should be given an opportunity to mention and discuss poten-
tial problems regarding sexual function. In many cases, the primary care
physician or cardiologist might be the first health care worker to initiate
such a discussion. Depending on the patient’s willingness and readiness to
discuss these problems, the physician should proceed with a nonjudgmental
but forthright evaluation of the problem, respecting cultural and personal
characteristics (6). Indeed, a recent study emphasized that many patients
with ED do not take the initiative of telling their physician or even their
urologist about the problem because of embarrassment or other causes (7).
This study also stressed that the majority of their patient population would
have liked their primary care physician to have initiated a discussion of
these problems during routine visits.

The first presentation of ED in a patient may also signal serious underly-
ing diseases, including diabetes mellitus, hypertension, and cardiovascular
disease, or it could be a predictor of various manifestations of atherosclero-
sis. O’Kane et al. recently reported a series of patients who had visited their
doctors because of ED but soon thereafter developed an acute myocardial
infarction or were diagnosed with severe three-vessel coronary artery dis-
ease (8). Therefore, the presence of ED could prompt further investigations
that eventually lead to diagnosis of ischemic heart disease, other manifes-
tations of atherosclerosis, or identification of major risk factors (9–13).

Table 1, a synopsis of various references, summarizes the main risk
factors for and frequent causes of ED (9–22). Looking at this table, it
becomes clear that “managing the cardiac patient” is likely to be a frequent
task for any doctor involved in the treatment of ED. Because of the high
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Table 1
Risk Factors and Causes of EDa

Vascular • Risk factors associated with atherosclerosis
   factors � Smoking

� Diabetes mellitus
� Hypertension
� Low levels of high-density lipoproteins/high levels

of low-density lipoproteins
� Sedentary lifestyle
� Genetic predisposition to atherosclerosis
� Obesity

• Atherosclerosis, vascular surgery

Neurogenic • Neuropathies
   factors � Diabetic and others

• Other neurological disorders
� Spinal cord injury, cerebrovascular insult, multiple

sclerosis, nerve damage resulting from prostate
surgery, and others

Various medical • Renal failure
diseases • Dialysis

• Abnormal liver function
• Endocrine disorders

� Hypogonadism
� Hyperprolactinemia
� Hypo- and hyperthyroidism

• Sickle cell anemia

Drug treatment • Antihypertensives, thiazide diuretics, spironolactone,
   (selection) digoxin, antidepressants, -blockers, centrally acting

antihypertensives, phenothiazines, carbamazepine,
phenytoin, risperidone, fibrates, statins, histamine-2
receptor antagonists, allopurinol, indomethacin,
tranquilizers, disulfiram, levodopa, chemotherapeutics,
and others

Drug abuse • Alcohol
• Other abuses

Anatomic-structural • Peyronie’s disease
   abnormalities • Priapism

• Trauma

Psychogenic/ • Depression
   psychiatric • Anxiety disorder

• Problems or changes in relationship

a Adapted from refs. 9–22.
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prevalence of ED in patients with heart disease, the complex concurrent
cardiovascular medications (which may also contribute to ED), and vari-
ous psychological implications of heart disease, special considerations and
recommendations are required in evaluating the cardiac patient.

THE PATIENT PRESENTING WITH ED:
A CARDIAC PATIENT?

As discussed in other chapters of this book, any patient presenting with
ED needs to supply a detailed medical history, including sexual and psy-
chosocial history, and a complete list of any drugs he is taking. In addition,
the evaluation of anginal or other symptoms potentially related to ischemic
heart disease, a check of a potential genetic predisposition for atheroscle-
rosis or diabetes, a careful clinical examination including genitourinary
examination, and complete cardiovascular, pulmonary, and neurological
examinations, are indispensable. A working hypothesis regarding the most
likely causes of ED should be the result. In some cases, laboratory tests, as
well as further technical workup, may be required (9).

It is important to mention that oral treatment strategies, namely phos-
phodiesterase-5 (PDE5) inhibitors, are highly effective in the treatment of
ED of a broad spectrum of causes (9). This efficacy should not give rise to
the impression that a search for specific causes is not necessary, however.
The relatively large chance of detecting potentially serious underlying
diseases warrants these further investigations (23–25).

Any patient without an obvious cause for ED, such as structural ana-
tomical causes, neurological disorders, or endocrine factors, should be
evaluated for risk factors and potential vascular or arterial diseases (26). In
a substantial number of patients with apparently obvious reasons for ED,
atherogenic risk factors might further contribute to the symptoms of ED in
a synergistic manner (27).

We suggest the following evaluation for these patients (Fig. 1): blood
glucose fasting, arterial blood pressure measurement, cardiac examina-
tion, examination of peripheral pulses, analysis of cholesterol level (total,
low-density lipoprotein, and high-density lipoprotein), and resting elec-
trocardiography. A simple urinary dipstick test for glucosuria will miss
the diagnosis of diabetes mellitus in a high percentage of patients (25).
If any of these tests is abnormal and the patient has a history of cigarette
smoking or a genetic predisposition for atherosclerosis, an exercise test
and, in some cases, a Doppler ultrasonographic evaluation of the carotid
arteries and lower extremity arteries may be considered (see Fig. 1).

If the results suggest that this patient with ED might have or be at a high
risk for cardiovascular disease, a referral to a cardiologist seems to be
reasonable before initiation of specific treatment for ED.
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IS TREATING RISK FACTORS
AN ADEQUATE TREATMENT FOR ED?

The strong association between atherogenic risk factors and ED may
suggest that reducing these risk factors (at least those that can be modi-
fied) could favorably influence the severity or progression of symptoms
or even lead to reversal of ED. For most risk factors, it is not undoubtedly
established that risk factor modification bears the potential of reversing
ED, but it seems to be very suggestive that a potential progression of ED
could at least be attenuated by risk factor modification. In either case, the
strong association between risk factors and ED should be brought to the
patient’s attention. In some cases, this association with ED might be a
more convincing motivation for the patient to modify these risk factors,
change his lifestyle, or quit smoking than is the more abstract association
of risk factors with heart disease and arterial disorders.

Smoking
Cigarette smoking and ED are both closely related to endothelial dysfunc-

tion, suggesting that smoking cessation might improve erectile function in
cigarette smokers (28,29). Most of the studies revealed a 1.5- to twofold

Fig. 1. Erectile dysfunction: warning for severe underlying disease? ECG, electrocar-
diogram; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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increased risk for ED in smokers in comparison with nonsmokers (16,28).
McVary stated that the prevalence of ED in former smokers was not different
from that in individuals who had never smoked (16), suggesting that cessa-
tion of tobacco use might reverse ED. In contrast, Mirone et al. did not find
a difference between current smokers (odds ratio 1,7 in comparison with
those who had never smoked) and ex-smokers (odds ratio 1,6) (30).

Nonetheless, it might be regarded as self-evident that smoking cessation
will more likely be associated with improved sexual function than will
continued smoking. Even if a therapeutic effect is not undoubtedly docu-
mented, any patient suffering from ED should be encouraged to quit ciga-
rette smoking.

Diabetes Mellitus
The best possible control of blood glucose levels should be achieved

in any patient with diabetes mellitus irrespective of cardiovascular com-
plications or the presence of ED. Even if convincing data on reversal of
ED after initiation of antidiabetic treatment are lacking, a strong associa-
tion between the prevalence of ED and the level of glycemic control,
measured as hemoglobin A1c levels, is well established (31). Whether
this might imply an improvement of sexual function with optimal blood
glucose control is not irrefutably proven, but these considerations should
be reviewed with the patient to further motivate him and to stress blood
glucose control.

Hypertension
Whether treatment of hypertension can reduce the risk of developing

ED, as suggested from animal investigations (32), is difficult to answer,
because many antihypertensive agents are regarded as potential causes of
ED as a drug-specific side effect. It is important to emphasize that the
development of side effects of antihypertensive agents should not result in
discontinuation of effective control of arterial blood pressure. Especially
with the currently available broad spectrum of antihypertensive agents, it
should be possible to find a hypertensive medication that is both effective
in controlling arterial blood pressure and has minimal side effects.

It is necessary to estimate the risk of ED associated with various drugs.
For example, -blocking agents are most often mentioned in any discus-
sion of drug-induced ED. Thiazide diuretics are associated with a higher
percentage of drug-induced ED, however, than are -blocking agents
(22). Although the mechanisms are unknown, this side effect of thiazide
diuretics seems to be reversible or attenuated in a high percentage by a
simple weight-loss diet (33).

Table 2 gives some suggestions how to modify antihypertensive treat-
ment when considering ED as a potential side effect (18,20,21). Overall,
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angiotensin-converting enzyme inhibitors seem to carry a low risk of
causing ED as a side effect (34). Angiotensin receptor antagonists might
even slightly improve sexual function in hypertensive patients (35).
Calcium antagonists are also associated with a rare incidence of ED
(however, sometimes they increase prolactin levels, which could lead to
ED). We stress that Table 2 is only meant to be a general guideline of how
to modify treatment; in many cases, other considerations apart from ED
will be important as well, and may dictate the choice of medication.

Lipid Disorders
Whether cholesterol-lowering interventions or treatment of hyperlipi-

demia is capable of reversing or at least attenuating the progression of ED
is not well documented. It should be mentioned, however, that lipid-
lowering drugs, especially fibrates, can also induce ED (36–39). Although
it has not been systematically investigated, statins seem to be associated
with a lower incidence of ED (see Table 2) (36).

Physical Exercise, Obesity, Lifestyle
The systematic prospective investigations by Derby et al. clearly iden-

tified sedentary lifestyle as an important variable in the development of
ED. Initiation of physical activity significantly reduced the risk of devel-
oping ED (40). These changes in lifestyle might also be applicable to
most patients with cardiovascular disease, even if special recommenda-
tions with regard to physical activity might be necessary according to
severity and stage of disease. On the other hand, Derby et al. also reported
that weight loss, reduction of alcohol consumption, and smoking cessa-
tion had few beneficial effects on ED when initiated at an older age.
Correction of lifestyle once atherosclerosis has developed may be too
late to reverse ED, but it might prevent its progression to severe ED. As
a consequence, any patient should be advised to correct his lifestyle as
early as possible.

In summary, modifiable atherogenic risk factors should be treated
aggressively. When specific drug therapy is required, in most cases a
treatment regimen associated with a low incidence of ED as a side effect
ought to be possible. After being informed of the association between
risk factors and ED, the patient should be strongly encouraged to reduce
his own specific risk with regard to atherosclerosis and ED.

THE KEY QUESTION: DOES SEXUAL
INTERCOURSE BEAR THE RISK FOR A CARDIAC EVENT?

Sexual activity significantly contributes to quality of life, and this is of
particular importance for patients after myocardial infarction or other car-
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diac events, and chronic heart diseases (43,44). When evaluating the car-
diac patient, the key question will be whether this patient can be recom-
mended to have sexual intercourse or whether sexual activity is associated
with increased risk. Which of the treatment options for ED might be the
best for this individual patient and consideration of the contraindications,
side effects, and drug interactions are secondary questions, however, to be
posed after stratification of the patient to a specific risk category.

Energy Expenditure During Sexual Intercourse

With regard to its effects on the cardiovascular system, sexual intercourse
can be interpreted as physical activity or exercise similar to other activities
in daily life. Thus, the level of exercise or the metabolic expenditures asso-
ciated with sexual activity may be used to estimate the cardiovascular risk
of sexual intercourse, similar to considerations for other forms of physical
activity (45). In general, the risk of an effort-induced cardiac event is reduced
by optimizing therapy with -blockers, aspirin, and lipid-lowering therapy,
which should likewise apply to exercise during sexual intercourse (45,46).

Metabolic expenditures during sexual intercourse vary depending on
several variables. In a laboratory setting, Bohlen et al. measured a peak
heart rate of 110 to 127 beats per min in healthy males during intercourse
with their usual female partner (47).To quantify the level of physical exer-
tion, usually the metabolic equivalent of energy expenditure at the resting
state (MET), which is approx 3.5 mL/kg/min of oxygen consumption, is
used for various physical activities in everyday life (48). As a rule of thumb,
briskly climbing two flights of stairs equals 3 METs, and digging in the
garden equates to 5 METs. Measuring oxygen uptake, Bohlen et al. found
that 2.5 to 3.3 METs are attained during sexual stimulation and orgasm,
whereas the variation among individuals was relatively high (2.0–5.4
METs) (47). In general, the upper range appears to be 5 to 6 METs during
sexual intercourse. Historically, the stair-climbing test was introduced to
simulate the level of physical activity during intercourse by Larson et al.,
who demonstrated an increased heart rate of 115 ± 7 beats per min and a
systolic blood pressure of 164 ± 7 mmHg during sexual intercourse, and a
heart rate of 118 ± 6 beats per min and a systolic blood pressure of 144 ± 6
mmHg with stair climbing in patients with coronary artery disease (49). In
these investigations, 10 min of brisk walking were followed by stair climb-
ing, which equals approx 5 to 6 METs and may provide a general impression
of the level of energy expenditure during sexual intercourse. Nevertheless,
some excess sympathetic activation during sexual activity in comparison
with other exercise at the same MET level may occur (48).

In conclusion, an exercise test can approximately gauge the potential
cardiac stress of sexual activity. If a patient achieves 5 to 6 METs on
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exercise testing without signs of ischemia or arrhythmias, the patient is not
likely to be at risk of developing ischemia or arrhythmia during intercourse
(50). Nonetheless, in some circumstances, emotional stress before and
during sexual intercourse may be excessive, especially in patients who
have not performed sexual activity in some time and resume intercourse
with initiation of treatment for ED. This stress itself may promote myocar-
dial ischemia, and these patients should be advised to use common sense
and appropriately moderate their physical activity (50).

The Statistical Risk

Patients with different types and stages of heart disease, especially those
who have been sexually inactive and now want to resume sexual activity
(and also their partners), might be concerned about a potentially life-threat-
ening cardiac event during sexual intercourse. These patients and any patient
with cardiovascular disease asking for treatment of sexual dysfunction
should be given a realistic estimate of the risk of a cardiac event during
sexual intercourse. After stratification of the individual patient to a specific
risk category (see Subheading entitled “Risk Stratification”), in many cir-
cumstances it will be possible to emphasize how low the risk of a cardiac
event during sexual activity is for that patient. This might help the couple in
coping with unfounded fears. Another opportunity is to explain the predic-
tive value of an exercise test, as mentioned previously. Perhaps the physician
might propose that the partner who is concerned about the potential perils of
sexual intercourse observe the patient performing the exercise test. This may
reassure the couple about the safety of their sexual relationship. Some facts
that can provide the patient with a realistic estimate of the risk of sexual
activity follow.

In general, fewer than 1% of myocardial infarctions occur during sexual
intercourse. A coital death is very rare, encompassing only 0.6% of sudden
deaths (51). A 50-yr-old man in the United States has a baseline annual risk
of myocardial infarction of 1.00%, which increases to 1.01% as a conse-
quence of sexual activity (52). In a patient with a previous myocardial
infarction, the annual risk increases to 1.10%. These data illustrate that the
absolute risk of a myocardial infarction in temporal connection with sexual
intercourse is very low.

When estimating the relative risk of sexual activity, Muller et al. included
all myocardial infarctions occurring during sexual intercourse and in a 2-h
period thereafter and compared them with the overall incidence of myocar-
dial infarction (53). In these investigations, using a case-crossover method,
the relative risk of coition-induced myocardial infarction was estimated as
2.5-fold higher than during noncoitive activities (53). In patients with known
coronary artery disease, the relative risk of sexual activity with respect to
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myocardial infarction was similar (2.1-fold). Thus, sexual activity can be
regarded as an established trigger for myocardial infarction; however, the
absolute risk is very low (54). Importantly, in patients with known coronary
artery disease, the relative risk is not further increased (45), and the risk
might further be reduced by a physical exercise program (55)and risk factor
modification (54). Patients who have undergone successful revasculari-
zation by percutaneous transluminal angioplasty or coronary artery bypass
grafting do not have an increased risk for a cardiac event during sexual
intercourse in comparison with the general population (56).

Risk Stratification According
to the Princeton Consensus Panel (52)

Based on available data with respect to statistical risk and physiological
changes during sexual intercourse, the Princeton Consensus Panel issued
guidelines on risk stratification of cardiac patients, leading to recommen-
dations for the treatment of ED (52). In addition, an American College of
Cardiology/American Heart Association expert consensus document was
published in 1999, which provided detailed recommendations on the use
of sildenafil in patients with cardiovascular disease (50). According to the
Princeton Consensus Panel, patients with cardiovascular disease should
be divided into three groups with low, intermediate, or high risk of a car-
diac event during sexual intercourse.

THE HIGH-RISK GROUP

The high-risk group (Table 3) consists of patients with cardiovascular
disease that require either stabilization or a detailed diagnostic workup
before any sexual activity is advisable. This usually means referral to a
cardiologist or even hospital admission based on the specific condition.
Treatment of ED needs to be deferred until stabilization.

Unstable or refractory angina is characterized by new-onset, accelerated,
or refractory chest pain or angina at rest. The functional cardiac reserve in
these patients might be exceeded by mild physical activity and also physical
activity during coition.

Poorly controlled hypertension also belongs to the high-risk group,
because an acute cardiac event, as well as stroke, might be triggered by
sexual activity.

Congestive heart failure with symptoms at rest or at lowest levels of
activity (New York Heart Association [NYHA] III and IV) should also
give rise to further evaluation and stabilization before treatment of ED,
because sexual intercourse can result in acute cardiac decompensation.

In addition, patients with high-risk arrhythmia need a detailed diagnostic
workup and adequate treatment before sexual activity can be recommended.
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After myocardial infarction, a period of at least 2 wk without sexual
activity is recommended, owing to the risk of coition-induced arrhythmia
(57), reinfarction, or cardiac rupture. According to the Princeton Consensus
Conference, however, patients may be at a slightly increased risk up to 6 wk
after myocardial infarction. In addition, guidelines and recommendations
for the use of sildenafil emphasize that conclusive data regarding the car-
diovascular risk within the first 6 mo of myocardial infarction are lacking,
and therefore special caution during this period is mandatory (50,58).

Table 3
Risk Stratification According to the Princeton Consensus Panel a

High-risk group

Patients with the following:
• Unstable angina/refractory angina
• Uncontrolled arterial hypertension
• Congestive heart failure (NYHA III–IV)
• Myocardial infarction (within the last 2 wk) b

• Recent stroke
• Moderate to severe valvular heart disease or hypertrophic obstructive

cardiomyopathy
• High-risk arrhythmia

Intermediate or undetermined risk group

Patients with the following:
• Three or more atherogenic risk factors
• Moderate, stable angina
• Myocardial infarction (2–6 wk after the acute eventb)
• Congestive heart failure (NYHA II)
• Stroke, peripheral vascular disease

Low-risk group

Patients with the following:
• Fewer than three atherogenic risk factors
• Controlled hypertension
• Mild, stable angina (consider exercise test in some cases)
• Post successful coronary revascularization (without remaining ischemia)
• Post uncomplicated myocardial infarctionb

• Mild valvular disease
• Congestive heart failure (NYHA I)

a Modified according to ref. 52.
b For most oral treatment options for ED, a period of 90 d or more after myocardial

infarction is suggested.
NYHA, New York Heart Association.
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Finally, the Princeton Consensus Panel recommended caution in patients
with hypertrophic obstructive cardiomyopathy and moderate or severe val-
vular disease, in particular aortic stenosis. Although little evidence is docu-
mented regarding the risk of sexual intercourse in these patients, it is known
that exercise, as well as vasodilating interventions, may be detrimental in
some cases.

THE INTERMEDIATE-RISK OR INDETERMINATE-RISK GROUP

Patients in this group require further diagnostic testing to be reclassi-
fied into the high- or low-risk group. In many cases, an exercise test is
appropriate.

According to the Princeton Consensus Conference, patients with mod-
erate stable angina belong to this category, which may, depending on the
result of exercise testing, prompt intensified medical treatment or coronary
angiography with subsequent angioplasty or bypass grafting.

Congestive heart failure of NYHA classification II, with three or more
atherogenic risk factors (i.e., age, hypertension, diabetes mellitus, obesity,
cigarette smoking, dyslipidemia, or sedentary lifestyle), and noncardiac
manifestations of atherosclerosis (e.g., stroke, transient ischemic attacks,
or peripheral arterial disease) are also reasons for stratification as interme-
diate risk. In addition, patients are at intermediate risk if they have expe-
rienced a myocardial infarction 2 to 6 wk previously. These conditions
may require intensified treatment, and in many cases an exercise test will
be needed to decide whether energy expenditure during coition may be
tolerated (59). Even though the Princeton Consensus Panel has assigned
patients who experienced an acute myocardial infarction 2 to 6 wk previ-
ously to this intermediate group, it seems to be advisable for these patients
to be careful. Especially if (1) no revascularization of the infarct-related
artery by thrombolysis, percutaneous interventions, or bypass grafting was
performed, (2) a large part of the myocardial wall has become necrotic, or
(3) significant arrhythmias were recorded, one might rather recommend a
step-by-step increase in physical activity and allow sexual intercourse only
after an appropriate exercise test.

THE LOW-RISK GROUP

Finally, the low-risk group comprises the remaining patients with car-
diovascular disease with asymptomatic coronary heart disease or mild
stable angina. Patients who have experienced acute myocardial infarction
are considered to be at low risk after 6 to 8 wk provided that a stress test
result is negative. Importantly, patients are also placed into this group after
successful revascularization, percutaneous coronary interventions, or coro-
nary artery bypass grafting. Exercise testing may be helpful in assessing
potential residual ischemia. This group usually contains the majority of
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patients, and they can safely be encouraged to engage in sexual activity.
Discussing the low statistical risk of a cardiac event may be important for
many patients who are afraid of serious consequences of sexual intercourse
and thereby experience psychological encroachment upon their sex life.

TREATMENT OPTIONS FOR ED:
SPECIAL CONSIDERATIONS FOR THE PATIENT

WITH CARDIOVASCULAR DISEASE

Several treatment options for ED are currently available, and it is impor-
tant to find the appropriate therapy for the individual patient. The discov-
ery of the PDE5 inhibitor sildenafil in 1989 has revolutionized treatment
of ED. Now additional treatment options, including other PDE5 inhibitors
and dopamine agonists, are being considered for patients seeking help for
their problem (9). When specific causes of ED have been identified, such
as neurological and anatomical problems, causal treatment is also required
in patients with cardiovascular disease. For instance, for patients with
cardiovascular disease with known hypogonadism and testosterone defi-
ciency, testosterone replacement therapy is certainly first-line therapy,
although this is a rare cause of ED and this therapy should be used very
selectively (9). (Hematocrit, prostate-specific antigen, and lipid profile
should be reassessed during such treatment.)

For all treatment strategies, psychosocial counseling is an important
factor, and it should accompany all other treatments. In many cases, assess-
ing coexistent problems, treating depression, if indicated, and discussing
factors that create a normal sexual response with the couple might be
performed by the primary care physician, sometimes in cooperation with
the specialist. In selected cases, however, professional psychotherapy may
be necessary.

PDE5 Inhibitors
As outlined in Chapters 4 to 6 of this book, PDE5 inhibitors, namely

sildenafil, tadalafil, and vardenafil, have become first line-treatment for
many patients with ED, including the patient with cardiovascular disease.

Efficacy has been demonstrated for a broad spectrum of causes and
accompanying factors of ED, including diabetes and hypertension (9).
Early after the approval of sildenafil for the treatment of ED, reports of
adverse cardiac events posed questions regarding the safety of PDE5
inhibition in patients with cardiovascular disease (60–63). These reports
triggered a substantial body of clinical, statistical, and basic science
research. Several concepts could in theory explain a lowered threshold
for arrhythmia or reduced tolerance to ischemia (64,65). However, none
of them has ever been shown to lead to an increased risk in clinical
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circumstances. Indeed, randomized trials (66) and retrospective analyses
(67) did not report an increased cardiac risk for patients on sildenafil in
comparison to what would have been expected for a patient population
of similar age characterized by several atherogenic risk factors. Overall,
the cardiovascular risk of PDE5 inhibition, especially of sildenafil treat-
ment, has been extensively reviewed (62,63), and detailed guidelines on
the use of sildenafil in cardiovascular diseases are available (50). The
overall profile of side effects seems to be very similar for tadalafil and
vardenafil, although the experience with these agents is based on a smaller
number of patients (68–70). Side effects are mainly characterized by
symptoms related to vasodilation.

For the patient with cardiovascular disease, the most important con-
traindication to the use of sildenafil or any other PDE5 inhibitor is concur-
rent medication with a nitric oxide donor (e.g., nitroglycerin). Because
inhibitors of the enzyme PDE5 slow the breakdown of cyclic guanosine
monophosphate , the concurrent administration of a nitric oxide donor can
lead to accumulation of cyclic guanosine monophosphate with subsequent
severe hypotension. Any patient who suffers from chronic stable angina
that may require treatment with nitroglycerin should not be given sildenafil,
tadalafil, or vardenafil. For PDE5 inhibitors  to be administered, a stable
cardiac condition, including determination of appropriate exercise toler-
ance, needs to be achieved with antianginal therapy other than nitrates.
Any patient who is on nitrates must not take sildenafil or any other PDE5
inhibitor because the combination can lead to life-threatening hypotension
(50). Notably, any patient who is prescribed PDE5 inhibitors must be
informed about this contraindication. Recent guidelines suggest a 24-h
interval between the use of sildenafil and any nitric oxide donor, and vice
versa. Cheitlin et al. (50) list representative organic nitrates.

Sildenafil has a half-life of about 4 h, and six half-lives (24 h) were
recommended to allow adequate tissue washout before administration of
a nitrate in an emergency situation. Vardenafil has a similar half-life, so
that this interval probably will be 24 h for vardenafil as well. Tadalafil has
a 17.5-h half-life, however; thus, the interval between administration of
tadalafil and safe administration of any nitric oxide donor drug will be
longer. A preliminary study suggests that this interval will be at least 48 h.

Figure 2 provides an algorithm of how to treat hypotension in patients
who have received a combination of PDE5 inhibitors and nitric oxide
donors by mistake (50).

Blood pressure-lowering effects of PDE5 inhibitors, as long as they
are not combined with a nitric oxide donor, are moderate. Zusman et al.
reported a nondose-dependent reduction in arterial blood pressure to 7 to
10 mmHg after sildenafil was administered(61). In hypertensive patients,
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effects on blood pressure were also relatively small (71); importantly,
combination with a wide range of blood pressure-lowering drugs, includ-
ing angiotensin-converting enzyme inhibitors, calcium channel blockers,
or -blockers, seems to be well tolerated (72). Nonetheless, a patient with
a resting blood pressure of 90/50 mmHg or lower should not be given a
PDE5 inhibitor. Similarly, patients taking sildenafil should not receive
doxazosin at the same time because some patients will exhibit orthostatic
hypotension. In our opinion, in patients with aortic stenosis or hyper-
trophic obstructive cardiomyopathy, one should also refrain from pre-
scribing PDE5 inhibitors owing to the vasodilating effect.

Within 90 d of myocardial infarction and within 6 mo of a stroke,
tadalafil, sildenafil, or vardenafil should not be used or used cautiously to
treat ED.

Fig. 2. Algorithm for the emergency treatment of patients with life-threatening
hypotension owing to a combination of phosphodiesterase-5 inhibitors and nitric
oxide donor. (Adapted from ref. 50.)
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For sildenafil, the absolute bioavailability amounts to 41% and is mainly
determined by a hepatic first-pass effect (73). It is metabolized by the
cytochrome P4503A4 pathway, which is inhibited by a number of com-
monly prescribed drugs (50). As a consequence, in older patients, patients
with hepatic dysfunction, patients with renal dysfunction, or those taking
concomitant medication, lower doses of sildenafil (starting with 25 mg)
should be prescribed initially (74).

The presence of PDE5 in platelets is consistent with observations that
sildenafil potentiates the inhibitory effects of a nitric oxide donor on
adenosine diphosphate -induced platelet aggregation in vitro. In healthy
subjects, sildenafil alone or in combination with warfarin or aspirin did
not affect bleeding time or prothrombin time (50).However, in a recent
study, a transient prolongation of bleeding time 1 h after administration
of 100 mg of sildenafil was demonstrated (75). Therefore, we recom-
mend special caution in patients at risk of bleeding complications (e.g.,
peptic ulcers), especially when they are taking multiple anticoagulant
and antiplatelet drugs (e.g., ticlopidine, clopidogrel, aspirin, or warfarin),
which is relatively common in patients with cardiovascular disease.

Dopamine Agonists
Sublingual apomorphine has been shown to be effective in the treat-

ment of ED, even if efficacy rates appear to be lower compared with
sildenafil. Recent studies demonstrate its therapeutic potential in many
male patients, including those with cardiovascular disease and diabetes
(76). These investigators also reported that combination with a wide range
of antihypertensive agents is possible, and, most important, nitrates or
other nitric oxide donors do not represent an absolute contraindication
(77). Baseline hypotension however, is a contraindication to the use of
sublingual apomorphine.

Main side effects are related to the increased vagal tone, which might
lead to nausea, bradycardia, sinus pauses, or even orthostatic syncope. We
suggest caution in patients with cardiovascular disease with a history of
syncope, sinus bradycardia, or atrioventricular conduction disturbances.
Nonetheless, these agents may be an alternative for patients with cardio-
vascular disease, especially when the use of nitrates is necessary.

Vacuum Pump

The vacuum pump is an established choice in the treatment of ED. It
may also be helpful for the patient with cardiovascular disease. No spe-
cific contraindications need to be considered except for general risk strati-
fication according to the Princeton Consensus Panel, as outlined
previously (9).
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Intracavernosal Self-Injection,
Intraurethral Alprostadil, and Penile Protheses

The intracavernosal injection of vasodilating agents (e.g., alprostadil,
which has a high efficacy) with orally available therapy has become a
second-line treatment. This also applies to the intraurethral application of
alprostadil. With respect to the patient with cardiovascular disease, the
general consideration of whether sexual intercourse is advisable or not
apply. A penile prothesis is certainly one of the last choices. For the patient
with heart disease, the risk of surgery and anesthesia may dictate whether
it is applicable (9). Again, these treatment options may also be employed
in the patient with cardiovascular disease after appropriate risk stratifica-
tion, according to the abovementioned guidelines.

SUMMARY

Atherogenic risk factors are extremely common in the patient popula-
tion with ED; therefore, a high percentage of patients with various forms
and stages of heart disease and arterial disease also have ED. Presenta-
tion of a patient with ED might therefore prompt further investigations
with respect to risk factors for atherosclerosis and the presence of silent
ischemic heart disease. Any patient with ED ought to be encouraged to
minimize his atherogenic risk through lifestyle changes and, in some
cases, medical therapy. A drug regimen with a low incidence of ED as a
side effect should be sought. Sexual activity can be regarded as an esta-
blished trigger for a cardiac event, even if the absolute statistical risk is
very low and definite. Therefore, in any patient with cardiovascular
disease seeking treatment for ED, the first question should be whether
sexual intercourse can safely be recommended. The Princeton Consen-
sus Conference’s (52) risk stratification guidelines for patients with heart
disease are our preferred method of classifying patients with cardiovas-
cular disease.

In many cases, an exercise test may be required to decide whether the
patient is able to tolerate physical exercise during coition without evi-
dence of ischemia or arrhythmia. These energy expenditures have been
estimated as being equal to approx 5 to 6 METS at the upper range and
3 to 5 METS at the lower end.

For patients having a low risk, treatment of ED may be initiated by use
of orally effective agents as first-line therapy, such as PDE5 inhibitors or
apomorphine, taking into account specific contraindications. Most impor-
tantly, PDE5 inhibitors must not be combined with any nitric oxide donor
owing to potentially life-threatening hypotension. Vacuum pumps and
second-line treatment for ED may also be considered in some patients.



Chapter 9 / Heart Disease and Treatment of ED 217

REFERENCES

1. Virag R, Bouilly P, Frydman D. (1985) Is impotence an arterial disorder? A study
of arterial risk factors in 440 impotent men. Lancet 1:181–184.

 2. Johannes CB, Araujo AB, Feldman HA, et al. (2000) Incidence of erectile dysfunc-
tion in men 40 to 69 years old: longitudinal results from the Massachusetts Male
Aging Study. J Urol 163:460–463.

 3. Feldman HA, Goldstein I, Hatzichristou DG, et al. (1994) Impotence and its medi-
cal and psychosocial correlates: results of the Massachusetts Male Aging Study. J
Urol 151:54–61.

 4. Walczak MK, Lokhandwala N, Hodge MB, et al. (2002) Prevalence of cardiovas-
cular risk factors in erectile dysfunction. J Gend Specif Med 6:19–21.

 5. Kloner RA, Mullin SH, Shook T, et al. (2003) Erectile dysfunction in the cardiac
patient: how common and should we treat? J Urol 170:S46–S50.

 6. Levine LA, Kloner RA. (2000) Importance of asking questions about erectile dys-
function. Am J Cardiol 86:1210–1213.

 7. Baldwin K, Ginsberg P, Harkaway RC. (2003) Under-reporting of erectile dysfunc-
tion among men with unrelated urologic conditions. Int J Impot Res 15:87–89.

 8. O’Kane PD, Jackson G. (2001) Erectile dysfunction: is there silent obstructive
coronary artery disease? Int J Clin Pract 55:219–220.

 9. Levine LA. (2000) Diagnosis and treatment of erectile dysfunction. Am J Med.
109:3S–12S.

 10. Benet AE, Melman A. (1995) The epidemiology of erectile dysfunction. Urol Clin
North Am 22:699–709.

 11. Greiner KA, Weigel JW. (1996) Erectile dysfunction. Am Fam Physician 54:1675–
1682.

 12. Kloner RA, Speakman M. (2002) Erectile dysfunction and atherosclerosis. Curr
Atheroscler Rep 4:397–401.

 13. Nicolosi A, Moreira ED, Shirai M, et al. (2003) Epidemiology of erectile dysfunc-
tion in four countries: cross-national study of the prevalence and correlates of
erectile dysfunction. Urology 61:201–206.

 14. NIH Consensus Development Panel on Impotence. (1993) Impotence. JAMA 270:
83–90.

 15. Nusbaum MR. (2002) Erectile dysfunction: prevalence, etiology, and major risk
factors. J Am Osteopath Assoc 102:S1–S6.

 16. McVary KT, Carrier S, Wessells H, Subcommittee on Smoking and Erectile Dys-
function Socioeconomic Committee, Sexual Medicine Society of North America.
(2001) Smoking and erectile dysfunction: evidence based analysis. J Urol 166:
1624–1632.

 17. Brock GB, Lue TF. (1993) Drug-induced male sexual dysfunction. An update. Drug
Saf 8:414–426.

 18. Keene LC, Davies PH. (1999) Drug-related erectile dysfunction. Adverse Drug
React Toxicol Rev 18:5–24.

 19. Nurnberg HG, Hensley PL, Gelenberg AJ, et al. (2003) Treatment of antidepres-
sant-associated sexual dysfunction with sildenafil: a randomized controlled trial.
JAMA 289:56–64.

 20. Roth A, Kalter-Leibovici O, Kerbis Y. et al. (2003) Prevalence and risk factors for
erectile dysfunction in men with diabetes, hypertension, or both diseases: a com-
munity survey among 1412 Israeli men. Clin Cardiol 26:25–30.

 21. Moulik PK, Hardy KJ. (2003) Hypertension, anti-hypertensive drug therapy and
erectile dysfunction in diabetes. Diabet Med 20:290–293.



218 Reffelmann and Kloner

 22. Kloner RA, Jarow JP. (1999) Erectile dysfunction and sildenafil citrate and cardi-
ologists. Am J Cardiol 83:576–582.

 23. Kim SW, Paick J, Park DW, et al. (2001) Potential predictors of asymptomatic
ischemic heart disease in patients with vasculogenic erectile dysfunction. Urology
58:441–445.

 24. Solomon H, Man J, Wierzbicki AS, et al. (2003) Erectile dysfunction: cardiovas-
cular risk and the role of the cardiologist. Int J Clin Pract 57:96–99.

 25. Sairam K, Kulinskaya E, Boustead GB, et al. (2001) Prevalence of undiagnosed
diabetes mellitus in male erectile dysfunction. BJU Int 88:68–71.

 26. Boyce EG, Umland EM. (2001) Sildenafil citrate: a therapeutic update. Clin Ther
23:2–23.

 27. Levine SB. (2003) Erectile dysfunction: why drug therapy isn’t always enough.
Cleve Clin J Med 70:241–246.

 28. Dorey G. (2001) Is smoking a cause of erectile dysfunction? A literature review. Br
J Nurs 10:455–465.

 29. Jeremy JY, Mikhailidis DP. (1998) Cigarette smoking and erectile dysfunction. J
R Soc Health 118:151–155.

 30. Mirone V, Imhimbo C, Bortolotti A, et al. (2002) Cigarette smoking as risk factor
for erectile dysfunction: results from an Italian epidemiological study. Eur Urol
41:294–297.

 31. Romeo JH, Seftel AD, Madhum ZT, et al. (2000) Sexual function in men with
diabetes type 2: association with glycemic control. J Urol 163:788–791.

 32. Hale TM, Okabe H, Heaton JP, et al. (2001) Antihypertensive drugs induce struc-
tural remodeling of the penile vasculature. J Urol 166:739–745.

 33. Langford HG, Rockfold RW, Wassertheil-Smoller S, et al. (1989) Effect of weight
loss on thiazide produced erectile problems in men. Trans Am Clin Climatol Assoc
101:190–194.

 34. Carvajal A, Lerida MT, Sanchez A, et al. (1995) ACE inhibitors and impotence: a
case series from the Spanish drug monitoring system. Drug Saf 13:130–131.

 35. Llisterri JL, Lozano Vidal JV, Aznar Vicente J, et al. (2001) Sexual dysfunction in
hypertensive patients treated with lorsatan. Am J Med Sci 321:336–341.

 36. Ralph D, McNicholas T, for Erectile Dysfunction Alliance. (2000) UK manage-
ment guidelines for erectile dysfunction. BMJ 321:499–503.

 37. Rizvi K, Hampson JP, Harvey JN. (2002) Do lipid-lowering drugs cause erectile
dysfunction? A system review. Fam Pract 19:95–98.

 38. Schachter M. (2000) Erectile dysfunction and lipid disorders. Curr Med Res Opin
16:S9–S12.

 39. Bruckert E, Giral P, Heshmati HM, et al. (1996) Men treated with hypolipidaemic
drugs complain more frequently of erectile dysfunction. J Clin Pharm Ther 21: 89–94.

 40. Derby CA, Mohr BA, Goldstein I, et al. (2000) Modifiable risk factors and erectile
dysfunction: can lifestyle changes modify risk? Urology 56:302–306.

 41. Pitt B, Remme W, Zannad F, et al. (2003) Eplerone, a selective aldosterone blocker,
in patients with left ventricular dysfunction after myocardial infarction. N Engl J
Med 348:1309–1321.

42. Pitt B, Zannad F, Remme WJ, et al. (1999) The effect of spironolactone on morbid-
ity and mortality in patients with severe heart failure. Randomized Aldactone Evalu-
ation Study Investigators. N Engl J Med 341:709–717.

 43. Laumann EO, Paik A, Rosen RC, et al. (1999) Sexual dysfunction in the United
States: prevalence and predictors. JAMA 281:537–544.

 44. Sjorgen K, Fugl-Meyer AR. (1983) Some factors influencing quality of sexual life
after myocardial infarction. Int Rehabil Med 5:197–201.



Chapter 9 / Heart Disease and Treatment of ED 219

 45. Jackson G. (2000) Sexual intercourse and stable angina pectoris. Am J Cardiol 86:
35F–37F.

 46. Jackson G. (1997) Stable angina: drugs, angioplasty or surgery? Eur Heart J 18:
B2–B10.

 47. Bohlen JG, Held JP, Sanderson MO, et al. (1984) Heart rate, rate-pressure product
and oxygen uptake during four sexual activities. Arch Intern Med 144:1745–1748.

 48. DeBusk RF. (2000) Evaluating the cardiovascular tolerance for sex. Am J Cardiol
86:30F–56F.

 49. Larson JL, McNaughton MW, Kennedy JW, et al. (1980) Heart rate and blood
pressure response to sexual activity and a stair-climbing test. Heart Lung 9:1025–
1030.

 50. Cheitlin MD, Hutter AM, Brindis RG, et al. (1999) Use of sildenafil (Viagra) in
patients with cardiovascular disease. J Am Coll Cardiol 33:273–282.

 51. Ueno M. (1963) The so-called coition death. Jpn J Leg Med 17:330–335.
 52. DeBusk R, Drory Y, Goldstein I, et al. (2000) Management of sexual dysfunction

in patients with cardiovascular disease: recommendations of the Princeton Consen-
sus Panel. Am J Cardiol 86:175–181.

 53. Muller JE, Mittleman MA, Maclure M, et al. (1996) Triggering myocardial infarc-
tion by sexual activity. JAMA 275:1405–1409.

 54. DeBusk RF. (1996) Sexual activity triggering myocardial infarction: one less thing
to worry about. JAMA 275:1447–1448.

 55. Stein RA. (1977) The effect of exercise training on heart rate during sexual activity
in the post-myocardial infarction patient. Circulation 55:738–740.

 56. Jackson G. (1999) Erectile dysfunction and cardiovascular disease. Int J Clin Prac
53:363–368.

 57. Drory Y, Fisman EZ, Shapira Y, et al. (1996) Ventricular arrhythmias during sexual
activity in patients with coronary artery disease. Chest 109:922–924.

 58. Kloner RA. (2000) Sex and the patient with cardiovascular risk factors: focus on
sildenafil. Am J Med 109:13S–21S.

 59. Arruda-Olson AM, Pellikka PA. (2003) Appropriate use of exercise testing prior to
administration of drugs for treatment of erectile dysfunction. Herz 28:291–297.

 60. Feenstra J, van Drie-Pierik RJ, Lacle CF, et al. (1998) Acute myocardial infarction
associated with sildenafil. Lancet 352:957–958.

 61. Zusman RM, Morales A, Glasser DB, et al. (1999) Overall cardiovascular profile
of sildenafil citrate. Am J Cardiol 83:35C–44C.

 62. Kloner RA. (2000) Cardiovascular risk and sildenafil. Am J Cardiol 86:57F.
 63. Padma-Nathan H, Eardley I, Kloner RA, et al. (2002) A 4-year update on the safety

of sildenafil citrate (Viagra®). Urology 60:67–90.
 64. Reffelmann T, Kloner RA. (2003) Therapeutic potential of phosphodiesterase 5

inhibition for cardiovascular disease. Circulation 108:239–244.
 65. Reffelmann T, Kloner RA. (2003) Effects of sildenafil on myocardial infarct size,

microvascular function, and acute ischemic left ventricular dilation. Cardiovasc
Res 59:441–449.

 66. Morales A, Gingell C, Collins M, et al. (1998) Clinical safety of oral sildenafil
citrate (Viagra) in the treatment of erectile dysfunction. Int J Impot Res 10:69–73;
discussion 73,74.

 67. Wysowski DK, Farinas E, Swartz L. (2002) Comparison of reported and expected
deaths in sildenafil (Viagra) users. Am J Cardiol 89:1331–1334.

 68. Kloner RA, Mohan P, Norenberg C, et al. (2002) Cardiovascular safety of vardenafil,
a potent, highly selective PDE-5 inhibitor in patients with erectile dysfunction: an
analysis of five placebo-controlled clinical trials. Pharmacotherapy 22:1371–1376.



220 Reffelmann and Kloner

 69. Gresser U, Gleiter CH. (2002) Erectile dysfunction: comparison of efficacy and
side effects of the PDE-5 inhibitors sildenafil, vardenafil and tadalafil. Review of
the literature. Eur J Med Res 7:435–446.

 70. Corbin JD. (2002) Pharmacology of phosphodiesterase-5 inhibitors. Int J Clin Pract
56:453–459.

 71. Vardi Y, Klein L, Nassar S, et al. (2002) Effects of sildenafil citrate (Viagra) on
blood pressure in normotensive and hypertensive men. Urology 59:747–752.

 72. Kloner RA, Brown M, Prisant LM, et al. (2001) Effect of sildenafil in patients with
erectile dysfunction taking antihypertensive therapy. Am J Hypertens 14:70–73.

 73. Nichols DJ, Muirhead GJ, Harness JA, et al. (2002) Pharmacokinetics of sildenafil
after single oral doses in healthy male subjects: absolute bioavailability, food
effects and dose proportionality. Br J Clin Pharmacol 53:5S–12S.

 74. Muirhead GJ, Wilner K, Colburn W, et al. (2002) The effects of age and renal and
hepatic impairment on the pharmacokinetics of sildenafil. Br J Pharmacol 53:
21S–30S.

 75. Berkels R, Klotz T, Sticht G, et al. (2001) Modulation of human platelet aggrega-
tion by the phosphodiesterase 5 inhibitor sildenafil. J Cardiovasc Pharmacol 37:
413–421.

 76. Montorsi F. (2003) Tolerability and safety of apomorphine SL (Ixense). Int J Impot
Res 15:S7–S9.

 77. Fagan TC, Buttler S, Marbury T, et al. (2001) Cardiovascular safety of sublingual
apomorphine in patients on stable doses of oral antihypertensive agents and ni-
trates. Am J Cardiol 88:760–766.



Chapter 10 / Treating ED in Men with Diabetes 221

221

From: Oral Drug Therapy of Sexual Dysfunction
Edited by: G. Broderick © Humana Press Inc., Totowa, NJ

10

INTRODUCTION
Approximately 35 to 75% of men with diabetes mellitus (DM) have

erectile dysfunction (ED). ED occurs about 5 to 10 yr earlier in men with
diabetes than in age-matched controls (1). In a cross-sectional survey of
541 men with diabetes at a community-based clinic, the prevalence of ED
increased progressively with age, from 6% in men aged 20 to 24 yr to 52%
in those aged 55 to 59 yr (2). After the age of 60, 55 to 95% of men with
diabetes are affected by ED, compared with approx 50% in an unselected
population in the Massachusetts Aging Male Survey (3,4). In another
cohort of patients who had type 1 diabetes for at least 10 yr, ED was
reported in 1.1% of men aged 21 to 30 yr, 55% of men aged 50 to 60 yr,
and 75% of men older than 60 yr (5).

ED in men with diabetes is correlated with glycosylated hemoglobin A
(A1c), but it is not known whether improving control of this factor will
improve ED. The presence of peripheral neuropathy also increases the risk
of ED, possibly as a result of undiagnosed autonomic neuropathy. (Almost
100% of patients with diabetic neuropathy will have ED.)

Is Diabetic Erectile Dysfunction
More Difficult to Treat?

Pierre Theuma, MD

and Vivian A. Fonseca, MD

CONTENTS

INTRODUCTION

PATHOPHYSIOLOGY OF ED IN DIABETES MELLITUS

EFFICACY OF TREATMENT FOR ED IN PATIENTS

WITH DIABETES MELLITUS

CONCLUSION

REFERENCES



222 Theuma and Fonesca

There have been major advances in the treatment of ED. Some data
suggest that patients with diabetes do not respond to treatment as success-
fully as do nondiabetic men. In this review, we examine the evidence for
this assertion, as well as review the potential pathophysiological reasons
for this phenomenon.

PATHOPHYSIOLOGY OF ED IN DM

ED in diabetes has a multifactorial etiology. It is the result of a combi-
nation of impairments in nearly every step responsible for the production
of penile erection.

Table 1 lists these impairments and other indirectly acting mecha-
nisms responsible for diabetic ED. Patients with diabetes often suffer
from hypertension, obesity, and dyslipidemia.

The clinician must consider these etiological factors when treating ED
in men with diabetes. In addition, a comprehensive evaluation should
include assessment of gonadal function, medication, and drug history
along with psychological and marital status (6).

The risk factors for ED are the same as those for cardiovascular disease
and are listed in Table 2.

ED is often the first warning sign of underlying cardiovascular prob-
lems, which are more common in persons of either sex affected by dia-
betes.

Table 1
Pathophysiology and Factors Complicating Diabetic ED

• Glycation of elastic fibers caused by hyperglycemia and increasing age, with
failure of relaxation of the corpora cavernosa (37).

• Multiple drug treatments associated with erectile dysfunction—diuretics, -
blockers.

• Dyslipidemia.
• Endothelial dysfunction of the sinusoidal endothelial cells resulting in a

decrease in nitric oxide (NO) release and impaired vasodilatation.
• Peripheral vascular disease resulting in reduced arterial and arteriolar inflow

(42).
• Increase in reactive oxidizing substances and reduction in NO production

caused by advanced glycation end products (39,43).
• Failed neural signal transmission to and from the spinal cord due to diabetic

neuropathy (44) and reduced production of neuronal NO synthase (45);
reduced levels of neuronal NO released to the cavernosal smooth muscle.

• Hypogonadotrophic hypogonadism (29,30).
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Fortunately, the treatment options for ED have expanded in recent years,
especially with the introduction of phosphodiesterase-5 (PDE5) inhibi-
tors. However, a significant proportion of men with diabetes and ED are
still frustrated by poor responses to the available treatment modalities
(7,8). This often leads to noncompliance and increasing psychological
distress as patients run out of therapeutic options.

It is the multifactorial etiology that makes ED in diabetes harder to treat,
and most treatments deal with only one part of the ED equation. This leads
to partial or poor responses. Ongoing research is looking at agents, or
combinations thereof, that will deal with all aspects of diabetic ED. The
most promising therapeutic agents available so far are the PDE5 inhibitors.

Endothelial Dysfunction
The endothelium is important in the maintenance of vascular health. It

is a critical determinant of vascular tone and patency, reactivity, inflam-
mation, vascular remodeling, and blood fluidity. The importance of
endothelial dysfunction in the pathogenesis of cardiovascular disease in
diabetes has only recently been recognized (9).

A link between erectile and endothelial dysfunction was suggested in
a study by De Angelis et al. (10). Thirty men with diabetes and symptom-
atic ED were matched for age and disease with 30 potent men with type
2 diabetes. The decrease in blood pressure and platelet aggregation in
response to L-arginine was lower in patients with ED (p < 0.05–0.02).
Soluble thrombomodulin, P-selectin, and intercellular adhesion mol-
ecule-1 (ICAM-1) concentrations were higher. Indices of coagulation
activation (F1 and 2, D-dimers) and reduced fibrinolysis (plasminogen
activator inhibitor-1 [PAI-1]) were also found to be higher in the men
with ED (p < 0.05–0.02).

The investigators concluded that ED in men with diabetes correlates
with endothelial dysfunction.

Table 2
Risk Factors for ED

Risk factor Percent risk for ED

Diabetes mellitus 23
Hypertension 44
Hyperlipidemia (low-density lipoprotein >120 mg/dL) 74
Hypogonadism 36
Increased weight (body mass index >26.9) 79
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The same vascular and endothelial injuries that occur in the coronary
arteries likely occur in the cavernosal arteries, the primary vessels supply-
ing penile erectile tissue (11).

Nitric oxide (NO) is the most potent known vasodilator and is secreted
by the endothelium. It is synthesized from L-arginine by the endothelial
enzyme NO synthase (eNOS). The bioavailability of NO can be decreased
by various mechanisms—decreased production by eNOS, enhanced NO
breakdown owing to increased oxidative stress, or both. eNOS deactiva-
tion is often associated with an increase in plasma levels of its endogenous
inhibitor, asymmetrical dimethyl-L-arginine (ADMA) (12).

Increased levels of ADMA are associated with endothelial dysfunction
and increased risk of cardiovascular disease. Increases in plasma ADMA
concentrations may contribute to the endothelial dysfunction observed in
insulin-resistant individuals and also to macrovascular disease in diabetes.

It is not clear why the ADMA level is higher in subjects with type 2
diabetes. A recent animal study suggests that this is a direct effect of
glucose on dimethylarginine dimethylaminohydrolase (DDAH) activity.
This enzyme is responsible for ADMA breakdown. Diabetic rats had
reduced levels of DDAH activity (not expression), and this was nega-
tively correlated with their plasma ADMA levels. DDAH activity was
significantly reduced in vascular smooth muscle cells and human
endothelial cells exposed to high glucose levels. The impairment of
DDAH activity in vascular cells was associated with an accumulation of
ADMA and a reduction in cyclic GMP (cGMP) synthesis (13).

There is a growing body of evidence that ED correlates with the level
of glycemic control. In animal experiments, glycated hemoglobin signifi-
cantly impairs endothelial NO-mediated corpus cavernosal relaxation in
vitro. This is partly because of the generation of superoxide anions and the
extracellular inactivation of NO (14). A retrospective analysis of a cohort
of men with type 2 diabetes demonstrated that A1c was an independent
predictor of erectile function score (1). No large scale, well-designed
human studies are available to confirm that improvement in glycemic
control results in improved ED. Given the association of A1c with micro-
vascular disease, improved glycemia should, at least, slow down progres-
sion of ED.

Endothelial dysfunction and NO are also linked to microvascular com-
plications of diabetes, including neuropathy. The role of neuronal nitric
oxide synthase (nNOS) was studied in rats with uncontrolled diabetes.
These rats had decreased expression of nNOS in the dorsal root ganglia and
diminished withdrawal responses to noxious mechanical stimuli. cGMP
levels paralleled nNOS expression. Insulin treatment led to improved nerve
conduction and increased nNOS expression. This suggests that a decreased
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nNOS–cGMP system in the dorsal root ganglion may play a role in the
pathogenesis of diabetic neuropathy (15). It might provide a link between
diabetic neuropathy and endothelial dysfunction in patients with diabetes
and ED.

The ability to increase blood flow depends on an intact neurogenic vas-
cular response. Diabetic autonomic neuropathy leads to impaired endothe-
lium-dependent and endothelium-independent vasodilatation, even in the
absence of clinical macrovascular disease (16). The interaction between
endothelial dysfunction and autonomic neuropathy results in an inability to
increase blood flow under conditions of stress or increased demands.

Efficacy of Treatment for ED in Patients With DM
Figure 1 suggests a stepped-care approach to treatment of ED in men

with diabetes.
Table 3 summarizes the data available for the different treatment options

in ED. It also shows comparisons of success rates in men with and without
diabetes, supporting the hypothesis that patients with diabetes have a lower
rate of efficacy with treatment of ED.

PDE5 Inhibitors
In 1999, the Food and Drug Administration approved sildenafil citrate for

clinical use in the treatment of ED. Tadalafil and vardenafil are the newer
generation of agents in this class. These are potent and selective inhibitors
of cGMP-specific PDE5. They prevent breakdown of cGMP and prolong
and improve smooth muscle relaxation.

Fig.1. Proposed step-care approach to diabetic ED therapy.
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A meta-analysis of 11 randomized, double-blind, placebo-controlled
trials of sildenafil citrate in patients with diabetes reported improved erec-
tions in 59% of those with type 1 diabetes and in 63% of those with type
2 diabetes (7). Improvement was noted regardless of age, race, ED severity
and duration, or the presence of various comorbidities (17). The response
rate in men with diabetes is less than the 83% improvement seen in non-
diabetic individuals with ED. Discontinuation rates range from 5 to 17%,
primarily because of insufficient clinical response (8).

For tadalafil, 76% of men with diabetes taking the 20-mg dose had
improved erections, and 58% of the total group had satisfactory erections
to complete intercourse (data on file Lilly ICOS, LLC, Indianapolis, IN).

In nondiabetic men, the rates were 81% and 75%, respectively (18).
Vardenafil led to similar results in nondiabetic men, with a 71 to 75%
improvement in erections with 5-, 10-, and 20-mg doses. In men with
diabetes, the response to the 10-mg dose was 57%, and the response to
the 20-mg dose was 72% (19).

It is possible that this lower response rate in men with diabetes is related
to their impaired endothelial function (10). This causes a decrease in NO
release. Because PDE5 inhibitors enhance the downstream effect of NO,
if NO production is very low, they are unlikely to be effective.

Table 3
Treatment Options for ED and Percentage Response (Improved Erections)

Response  (%)

Treatment modality Diabetic ED Nondiabetic ED

PDE5 inhibitors: Sildenafil 59 (46)a 74 (50)
64 (47)b —

Tadalafil 64 (48) 81 (18)
Vardenafil 72 (49) 85 (51)

Intracavernosal PGE1 derivative (alprostadil) 80–85
Intraurethral PGE1 (MUSE) 70 (23)
Vacuum devices 75 (24)
Surgical implants 86 (25)
Androgen therapy 17 —
Combination injection therapy 84 (52) —

a Type 1 diabetes mellitus.
b Type 2 diabetes mellitus.
DM, diabetes mellitus; MUSE, Medicated Urethral System for Erection; PDE

phosphodiesterase; PGE1, prostaglandin E1.
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Recent studies show that both acute and chronic sildenafil citrate therapy
improves brachial artery flow-mediated dilatation, an effect of intrinsic
endothelial NO release (Fig. 2) (20).

This enhanced dilatation suggests that sildenafil citrate directly improves
endothelial function. Similar findings were noted in another study (21). In
addition, sildenafil citrate dilates epicardial coronary arteries and inhibits
platelet activation in patients with coronary artery disease (22). Other stud-
ies are under way to test the hypothesis that chronic sildenafil use improves
biochemical markers of endothelial dysfunction.

Based on these findings, men with diabetes and ED may benefit from
daily dosing with sildenafil citrate at the onset of treatment to allow better
response with subsequent use. This “priming” phase of therapy could restore
endothelial function secondary to PDE5 inhibition. Preliminary confirma-
tion of this hypothesis comes from post hoc analysis of small studies (per-
sonal communication, Pfizer Inc.). Confirmation from a large randomized
clinical trial is needed.

Lack of sexual activity because of ED decreases testosterone levels
through a central effect on the hypothalamic–pituitary axis. A recent study
looked at the effect of different PDE5 inhibitor treatments for ED on the
reversibility of the endocrine pattern. This was an open-label, retrospective
study of 74 consecutive patients who were treated on demand with 50 mg
of sildenafil and 20 mg of tadalafil. The success in sexual intercourse was
recorded and total and free testosterone levels were studies before and after

Fig. 2. Effect of chronic sildenafil citrate on flow-mediated arterial dilatation.
(Reproduced with permission from ref. 20. Copyright © 2002 American Diabetes
Association.)
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3 mo of treatment. Basal levels of total and free testosterone were at the
bottom of the normal range and luteinizing hormone (LH) levels were at
the top of the high normal range. After treatment, this pattern was reversed
in both groups. However, the testosterone increase in sildenafil-treated
patients was significantly lower than in tadalafil-treated patients (47 ± 2.7
vs 5.1 ± 0.9, p < 0.001). Free testosterone levels followed a directly pro-
portional patter, whereas the inverse was found when LH production was
studied. The intercourse rate reflected this effect as the sildenafil group
showed a 4.9 ± 2.9/mo full sexual intercourse rate, whereas the tadalafil
group had a higher rate of sexual intercourse (6.9 ± 4.6/mo, p = 0.04). Drug
consumption was comparable between the groups (sildenafil, 4.9 ± 2.9 vs
tadalafil, 4.4 ± 2.8 pills/mo, p = 0.72). Because it is unlikely that the two
drugs have a different effect on the pituitary–testicular axis, this effect is
probably a result of the higher frequency of full sexual intercourse in the
tadalafil-treated group. This could be attributed to the drug’s longer half-
life (23).

Intracavernosal Therapy

Several vasoactive substances can be used to stimulate the erectile
process. These can be delivered directly into the corpora cavernosa by
injection. Papaverine (a nonspecific PDE) and alprostadil (a prostaglan-
din E1 [PGE1] derivative) relax the smooth muscle of the corpora
cavernosa. Phentolamine, a competitive inhibitor of -adrenergic recep-
tors, reduces sympathetic tone. Urologists have also combined these
three agents.

Alprostadil is a synthetic prostaglandin related to PGE1. It has -block-
ing properties, is a vasodilator, and directly relaxes smooth muscle via a
prostacyclin receptor. A number of studies have been reported of the use
of alprostadil in men with diabetes and ED. The largest study included 577
men. Sixty-nine percent of these men completed the 6-mo injection therapy
study. Eighty-seven percent reported satisfactory sexual function. The
31% of study noncompleters complained of pain at the injection sites and
lack of efficacy. Of all the studies, 50% of men complained of pain at
injection sites.

Although intracavernosal therapy has a success rate of 80 to 90% in
neuropathic ED and 70% in vasculopathic ED, half of the men eventually
discontinue the treatment because of pain, loss of efficacy, or lack of
interest.

Because diabetic complications, including poor visual acuity from
retinopathy and decreased manual dexterity, increase with age, it is not
uncommon that diabetic men are excluded from this therapy or have a
poor response.
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Intraurethral Prostaglandin Therapy

An intraurethral alprostadil suppository system (Medicated Urethral
System for Erection [MUSE]) was developed in an attempt to avoid the
problems and issues of injection therapy (24). This is less effective and
may cause urethral pain in 30% of users but it avoids the side effects of
injection therapy. It is not effective in men who fail injection therapy. In
the largest published study, 70% of men with diabetes were able to achieve
an erection satisfactory for intercourse in 70% of the attempts. Only 2.4%
discontinued the drug because of pain (24).

Combination therapy could be used to augment the effect of MUSE. No
clinical trial data support these combinations, but such treatment is avail-
able.

Vacuum-Constriction Devices

Vacuum tumescence devices work irrespective of the underlying cause
of ED. Reported success in men with diabetes is 75% (25). Most find the
technique acceptable, especially if they tried oral or injection therapy and
it failed. Some individuals consider it cumbersome, but other couples treat
the application of the device as a form of sexual foreplay and therefore are
more acceptable of its use. It can also be added to one of the other treatment
modalities to enhance a partial response.

Surgery

Penile prostheses are rarely recommended now that penile injection and
vacuum therapy are widely available. However, there is an 86% success
rate at 5 yr, and 91% of attainable erections are suitable for coitus (26). Men
with diabetes are particularly prone to prosthesis-associated infection,
which often necessitates prosthesis removal and possible worsening of the
primary problem.

Rarely, a severely compromised blood flow could be the reason for
treatment failure. Revascularization might help some of these individu-
als, but it is difficult to select patients with a predictable good outcome.
Revascularization is contraindicated in men with diabetes (27). In
other patients, venous incompetence prevails, and ligation of the deep
dorsal vein and any incompetent circumflex veins can improve venous
leakage.

Unfortunately, the complexity of ED, such as underlying endothelial
dysfunction and neuropathy, and the extent of vascular disease in patients
with diabetes lead to less successful outcomes for these surgical proce-
dures. Surgery should be reserved for clear-cut cases of vascular or venous
insufficiency in young patients with recent-onset diabetes.
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-Blockers
Yohimbine and phentolamine are -adrenergic blockers. They have

modest efficacy in treating ED but are not widely used, especially in the
United States, because of lack of availability or side effects, including
palpitations and hypertension. In a recent study in 18 nonsmoking males
with ED, there was a 50% success rate (completion of intercourse) in more
than 75% of attempts. The responders tended to have less severe ED (28).
A meta-analysis of yohimbine use found it to be more effective than pla-
cebo (29).

Androgen Therapy
Investigation of ED should always include obtaining a plasma testoster-

one level. If this is low, a prolactin level should be checked to rule out a
central problem. Screening the serum testosterone levels of 105 consecu-
tive patients with impotence showed that 37 patients had previously unsus-
pected disorders of the hypothalamic–pituitary–gonadal axis. Twenty had
hypogonadotropic hypogonadism, seven had hypergonadotropic hypogo-
nadism, eight had hyperprolactinemia, and two had occult hyperthyroid-
ism. Once the specific defect was defined and treated, potency was restored
in 33 patients (30).

Obese men with type 2 diabetes are more prone to hypogonadotropic
hypogonadism (31). This is attributed to elevated levels of estrone and
estradiol produced by the aromatase enzyme in adipose tissue derived from
adrenal (androstenedione) and testicular (testosterone) androgen. Aging is
also associated with a progressive decline in androgens (32). Serum test-
osterone concentration is inversely associated with carotid atherosclerosis
in men with type 2 diabetes (33).

It is uncertain if either of these factors contribute to ED, but they must
be recognized and, if severe, treated with androgen replacement.

Testosterone monotherapy has had quite poor results in treatment of
ED. Long-term sexual function improved in only 17% of 78 obese men
with type 2 diabetes when they were placed on testosterone enanthate.

In a smaller study of 17 patients with ED as a result of secondary hypo-
gonadism, patients received clomiphene citrate or placebo for 2 mo each
(crossover design). LH, follicle-stimulating hormone, and total and free
testosterone levels showed significant elevation in response to clomiphene
citrate over the response to placebo. However, sexual function as moni-
tored by questionnaires and nocturnal penile tume-scence and rigidity test-
ing, did not improve except for some limited parameters in younger and
healthier men. The results confirmed that there can be a functional second-
ary hypogonadism in men on an outpatient basis, but correction of the
hormonal status does not universally reverse the associated ED to normal.
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Thus, closer scrutiny of claims of cause and effect relationships is required
between hypogonadism and ED (34).

The use of testosterone in men with normal testosterone levels is not
recommended. Replacement therapy should be reserved for those who are
androgen deficient, and especially if contemplating the use of a PDE5
inhibitor. These agents require the presence of NO if they are to work
because neural NO production is androgen-dependent.

Statin Therapy

Total cholesterol and high-density lipoprotein (HDL) cholesterol are
important predictors of ED. In a study of 3250 men (mean age, 51 yr)
followed for a mean of 22 mo, 71 developed ED during follow-up. Those
subjects with total cholesterol greater than 240 mg/dL had a 1.83-fold
increased risk of ED. An HDL level of greater than 60 mg/dL meant a 0.30-
fold risk for ED. This suggests that a high total cholesterol level and a low
HDL cholesterol level are risks for ED (35).

Given the correlation between hyperlipidemia and ED, a recent small
study showed improvement in ED by lowering cholesterol using ator-
vastatin daily for 4 mo. It is unclear whether this is a direct effect of lipid
lowering or an indirect effect from improved endothelial dysfunction (36).

Other Management Strategies

There are several over-the-counter herbal remedies but there are no
adequate scientific data to support their safety or efficacy (37).

Medication history is very important to consider, especially in men
with diabetes, who are often on multiple drugs to treat hypertension, dys-
lipidemia, depression, glaucoma, neuropathic pain, and diabetes itself.
The major culprits are antihypertensives, especially nonselective -
blockers, sympatholytics, and diuretics (Table 4).

The main problem in diabetes is that often these agents cannot be
replaced. -blocker therapy is essential in patients with coronary artery
disease or heart failure; depression and painful conditions should be
adequately treated. All these problems are very real to the patient and
may exacerbate ED if not adequately managed. The clinician should try
to optimize therapy using agents that are least likely to cause ED. Angio-
tensin-converting enzyme inhibitors, angiotensin II receptor blockers,
statins, and thiazolidinediones either enhance NO levels or block pro-
duction of oxygen radicals, which quench NO and prevent vasodilation
(10,38–42). Other studies suggest that angiotensin-converting enzyme
inhibitors increase the incidence of ED (relative risk [RR] 2.78). This is
still less than with diuretic therapy (RR 3.86).
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Animal experiments have recently shown that NOS can be restored by
gene transfer techniques and can physiologically improve erectile function
(43). This is an exciting field that could lead to the development of more
therapeutic options in the treatment of ED.

CONCLUSION

The cause of ED in patients with diabetes is multifactorial. Every effort
should be made to correct or improve all causes of ED, whether organic,
psychogenic, or iatrogenic. A multidisciplinary approach is recommended

Table 4
Investigation of Nonresponders

Medication history a

• Antihypertensives: -blockers, thiazide diuretics, clonidine, spironolactone,
methyldopa (angiotensin-converting enzyme inhibitors and -blockers are
agents of choice).

• Agents acting on the central nervous system: tricyclic antidepressants,
selective serotonin reuptake inhibitors, phenothiazines, butyrophenones,
atypical antidepressants (trazodone is agent of choice when indicated).

• Agents affecting the endocrine system: antiandrogens, gonadotropin-
releasing hormone agonists and antagonists, estrogens, cimetidine,
metoclopramide, fibric acid derivatives, alcohol, marijuana.
(consider proton-pump inhibitors, statins when indicated).

Hormonal status
• Total testosterone.
• Luteinizing hormone, follicle-stimulating hormone, prolactin.
• Ferritin.

Autonomic neuropathy
• Electrocardiogram (R-R variability); heart rate variability.
• Orthostatic blood pressure readings.
• Tilt-table studies.

Vascular disease
• Doppler studies of penile blood flow.
• Pharmacodynamic testing using vasoactive compounds.
• Pudendal angiography and cavernosometry.

Psychosocial assessment
• Combine with nocturnal penile tumescence test.
• Marital counseling.

a Change agents that could contribute to the problem
R-R, distance between subsequent R-waves of an electrocardiogram.
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to deal with comorbidities to ensure the best possible outcomes for patients
with ED and diabetes.

Diabetes is a complex chronic disorder associated with various factors
that could exacerbate ED: obesity, poor glycemic control, dyslipidemia,
micro- and macrovascular disease, and autonomic neuropathy. All interact
to some degree and exacerbate erectile failure. Endothelial dysfunction is
probably the major underscoring factor that makes diabetic ED more dif-
ficult to treat.

More research is needed in this exciting field to develop more effective
therapies to improve the quality of life for patients with diabetes and their
loved ones.
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INTRODUCTION

Erectile dysfunction (ED) is a highly prevalent disorder in aging men,
with multiple associated risk factors and comorbidities (1–4).

Epidemiological studies have highlighted the prevalence of psychoso-
cial factors in addition to organic causes in the etiology of ED. In the
Massachusetts Male Aging Study (MMAS) (5), ED was significantly
associated with self-reported depressive symptoms (odds ratio [OR] =
2.88), pessimistic attitudes (OR = 3.89), or a negative outlook on life (OR
= 2.30). Depressed mood was found to be a significant predictor of ED,
even after potential confounding factors had been controlled (6). Similar
findings were reported for the National Health and Social Life Survey
(7), in which ED was significantly associated with self-reported emo-
tional stress (OR = 3.56) and a history of sexual coercion (OR = 3.52).
Socioeconomic factors, including a decrease in household income over
the past 5 yr, was also significantly associated with the incidence of ED
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in this study. In the recent multinational Men’s Attitudes to Life Events
and Sexuality (MALES) study of more than 20,000 men worldwide, self-
reported depression was a highly significant risk factor for ED in men of
all ages. Overall, these studies underscore the independent and interac-
tive effects of psychosocial factors in general, and depression in particu-
lar, in the etiology of ED.

The relationship between ED and depression is complex and multifac-
torial. Men with ED typically have increased rates of depression compared
with men with normal sexual function, although depression may serve as
a consequence, as well as a cause, of ED. The psychosocial distress that
often accompanies ED may cause depressive illness in susceptible indi-
viduals, or ED can be one of the symptoms of major depressive disorder,
which is associated with decreased libido, diminished erectile function
(EF), and decreased sexual activity (8). An increased prevalence of sexual
dysfunction has been noted in association with both treated and untreated
depression, because commonly used antidepressant medications, such as
tricyclic antidepressants and selective serotonin reuptake inhibitors
(SSRIs), can cause sexual side effects, including ED. Depression and ED
may be indirect effects of a chronic illness, such as congestive heart failure,
a chronic psychiatric disorder (e.g., alcoholism or substance abuse), or
other chronic life stresses. In addition, the use of antidepressants has been
linked to problems with ejaculation, orgasm, desire, and erections (9–11).
A subgroup of men with major depressive disorder developed a reversible
loss of nocturnal penile tumescence (12), suggesting that depression can
directly affect the erectile process. Finally, hormonal changes in the aging
male, such as a reduction of circulating testosterone level, or cardiovascu-
lar disease, may cause both conditions, or alternatively, both conditions
can coexist but be etiologically unrelated. The following case vignette
illustrates the often complex interplay between medical illness, depres-
sion, and ED in patients with chronic disease.

Case Vignette 1
Fred C. is a 62-yr-old married hospital administrator with end-stage

renal disease. Mr. C. has been treated with kidney dialysis for the past 2 yr
and has been hospitalized several times in the past year for his illness. He
suffers from chronic fatigue, muscle weakness, and moderate depression.
Mr. C. has had increasing difficulty in achieving erections during the past
year and has not initiated sexual intercourse for several months. His libido
is also significantly reduced. His wife, Martha, is in good overall health
and continues to be sexually interested and available. The couple, who has
three grown children, has enjoyed a close and affectionate marriage for the
past 34 yr.
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Fred has major difficulty adjusting to his illness in several areas. Pre-
viously a physically active man, he now tires easily with minimal exertion.
He experiences unpleasant side effects from several medications he takes
daily and is sometimes noncompliant with his medication regimen. He
is socially withdrawn and frequently noncommunicative and depressed.
His physician has recommended consideration of a kidney transplant, but
Fred is reluctant to undergo surgery and has been postponing the decision
for several weeks.

He feels embarrassed about his sexual difficulty and has been avoiding
the issue with his wife. On questioning, he reveals that he misses their
sexual relationship greatly and that his inability to perform sexually con-
tributes significantly to his depression.

This chapter considers various aspects and implications of the relation-
ship between ED and depression. In the first section, we consider the role
of depression as a significant risk factor or predictor of ED in both treated
and untreated men. Next, we review the effects of ED therapy with current
oral agents on concomitant depression and other quality of life outcomes.
Finally, we discuss the clinical implications and the need for clinicians to
consider depression as an important etiological determinant or treatment
outcome associated with common ED therapies.

DEPRESSION AND ED:
A BIDIRECTIONAL RELATIONSHIP

Epidemiological studies have demonstrated a strong and consistent
association between ED and depression, independent of age or the pres-
ence of other comorbidities (1,5,6). In the MMAS, for example, men with
depression had a 1.8 times higher chance of developing ED than did
those without depression, and the prevalence rates of ED increased as the
severity of depression increased (5). In a Brazilian study of sexual behav-
ior, a bivariate age-adjusted analysis showed a significant association
between a history of depression and an increased prevalence of ED (13).
In the recent MALES study, a multinational study of 27,839 men in eight
countries aged 20 to 75 yr, depression was a significant predictor of ED,
after controlling for the effects of age and other comorbid health condi-
tions. Twenty-five percent of men with ED in this large multinational
study reported symptoms of depression, compared with only 13% (p <
0.0001) of men without ED (1).

In two studies of men with major depressive disorder (MDD) that
assessed the occurrence of sexual dysfunction (SD) before antidepressant
therapy, 46% of men reported an inability to sustain an erection (14) and
65% reported some SD at baseline (15). In a randomized controlled trial of
90 men with MDD, the baseline prevalence of some degree of ED was
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reported to be 87%. In addition, the mean number of sexual problems
reported by these men was 3.6, emphasizing that in depression, single
sexual complaints are rare (16).

Other studies have shown an increased rate of depression in men with
ED compared with other urological disorders. These studies suggest that
depression may be an important consequence or sequela of ED as much
as a cause of the condition. As described later, recent studies have shown
that effective treatment of ED in these patients can result in clinically
significant improvements in depression, further supporting the bidirec-
tional relationship frequently observed between ED and depression. The
following case vignette illustrates this relationship in clinical practice.

Case Vignette 2
William P. is a 54-yr-old married accountant in good physical health.

He has a history of mood disorder and psychological adjustment difficul-
ties since the death of both parents in an automobile accident in 1987.
William was an only child and very close to both parents. Since that time,
Mr. P has received psychotherapy intermittently and antidepressant
medications (fluoxetine, sertraline) for the past 8 yr. Before entering
treatment, he experienced severe sleep-onset insomnia, loss of appetite
and interest in social activities, and occasional suicidal thoughts. The
patient has had a chronic loss of libido and intermittent ED for the past
10 yr. He reports that his wife is supportive and reassuring of his sexual
difficulties, and the couple enjoys a positive marital relationship. Owing
to a continuing loss of appetite and weight loss, the patient was started
on paroxetine (20 mg/d) within the past 6 mo. Since that time, he has
experienced further loss of libido and increased erectile difficulties.

The physical examination and laboratory tests are all within normal
limits. The patient was given sildenafil (50 mg) to be taken approx 1 h
before sexual intercourse. After 2 mo, he reported significant improve-
ment in erection and a mild improvement in libido.

ED AND ANTIDEPRESSANT THERAPY
ED is frequently associated with either mood or other psychiatric dis-

orders or with the medications commonly used in the treatment of these
disorders. A worsening of pre-existing ED has been reported with various
agents from all antidepressant classes, including monoamine oxidase
inhibitors, tricyclic antidepressants, and SSRIs (9). Although SSRIs
have transformed the treatment of depression since their release in the late
1980s and are now the most commonly prescribed antidepressants world-
wide (10), sexual function disturbances associated with these agents have
been prevalent (Table 1).
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Postmarketing surveillance and clinical trials have shown the high
prevalence of SD associated with SSRI use generally, although specific
drugs, such as paroxetine, have been associated with a higher rate of sexual
side effects. For example, a cohort study by the Drug Safety Research Unit
of the United Kingdom comparing antidepressants found that ED was
reported significantly more often with paroxetine than with the other SSRIs
(11). Similarly, in a comparison of the postmarketing safety profiles of
antidepressants using the spontaneous adverse drug reaction reports of the
United Kingdom Committee on Safety of Medicines, reports of ED were
higher for paroxetine compared with other SSRIs (10).

Prerelease and early clinical studies rarely reported any SSRI-associated
SD; in fact, the initial incidence of SD with fluoxetine in controlled trials
was reported to be 1.9%, probably owing to the fact that no structured or
validated questionnaires were used. A large-scale, nonrandomized, retro-
spective study of 167 men using one of four SSRIs (fluoxetine, paroxetine,
sertraline, or venlafaxine) for 6 mo or more showed that 23% reported
overall SD and 10% reported ED specifically (17). In a prospective study
of fluoxetine in 160 outpatients, 13% of patients reported decreased sexual
response (18). Similarly, in another prospective multicenter study of 152
male outpatients taking one of four SSRIs, the incidence of ED ranged from
10% (fluvoxamine) to 34% (paroxetine), depending on the SSRI used (19).
Labbate et al. reported reduced erection scores in 12 patients with MDD
after 1 and 2 mo of antidepressant use compared with baseline values (20),
and Fava et al. demonstrated a 25% and 7% incidence of SD with paroxetine
and fluoxetine, respectively, in a double-blind study involving 63 men (21).
More recently, a cross-sectional, observational study conducted in more
than 1000 United States primary care clinics involving more than 1700
male outpatients receiving antidepressant therapy concluded that in a sub-
population (n = 795) unlikely to have predisposing factors for SD, the
prevalence of SD ranged from 7 to 30%, depending on the antidepressant
used (22).

ED may occur as a direct or an indirect effect of antidepressant therapy.
It is well known that many antidepressants, including Ssris, cause a num-
ber of other disturbances in SD, such as delayed ejaculation, anorgasmia,
or decreased libido (10,11). Montejo-Gonzalez’s report of 344 patients
showed a high incidence of loss of libido (40–58%), delayed orgasm or
ejaculation (46–59%), or anorgasmia (31–48%), depending on the SSRI
taken (19). These results are in agreement with other studies in patients
taking antidepressants (20–22).

Because the link between depression and SD is complex, it is possible
that antidepressant-associated ED is a consequence of other comorbid
forms of SD. For example, on detailed inquiry, patients have revealed that
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their antidepressant-induced ED is associated with the inability to sustain
an erection long enough to achieve orgasm and ejaculation (17); thus, it
may be considered that ED in those men occurs secondarily to prolonged
ejaculatory latency (10). Similarly, because desire is the first step in the
sexual response cycle and is intimately connected with sexual arousal, its
absence may preclude men from engaging in sexual activity and achieving
erections. Therefore, ED in this situation may be labeled as secondary to
hypoactive sexual desire.

MECHANISMS OF ANTIDEPRESSANT-ASSOCIATED ED

The neurochemistry of sexual function involves multiple integrated
systems. Although the precise mechanisms mediating SSRI-associated SD
are not understood well, based on evidence from case reports, uncontrolled
studies, and conclusions drawn from sexual side effects observed with the
use of psychotropic drugs, a number of pathways have been implicated in
this process. These include serotonergic, dopaminergic, and cholinergic
systems, as well as prolactin and nitric oxide (10,24).

Given the wide distribution and numerous serotonin receptor families
located both centrally and peripherally, it is no surprise that serotonin
mediates a number of aspects of the sexual response cycle. In general, sero-
tonin exerts an inhibitory role on sexual function; thus, drugs causing an
increase in serotonergic activity, such as SSRIs, lead to some form of SD
(24). In the brain, there is evidence that serotonin causes a decrease in dopam-
ine levels (a neurotransmitter-enhancing sexual function) in animal models.
Peripherally, inhibition of -adrenergic and cholinergic receptors in the
genitourinary tract also impairs sexual function; cholinergic fibers aid blood
flow in the corpora cavernosa, whereas 1-receptors aid in the detumescence
process (25). Sexual side effects have consistently been observed with SSRI
use but not with serotonin (5-hydroxytryptamine [5-HT1A]) agonists. Appar-
ently, activation of 5-HT1A receptors may facilitate sexual behavior in rats,
whereas activation of 5-HT2 receptors may be inhibitory (10).

Dopamine neurotransmission has been reported to play a role in sexual
function (i.e., libido, psychological arousal, and erection) (25). Agents that
are potent SSRIs but lack any effect on dopamine uptake inhibition, such
as paroxetine, have an apparently greater incidence of SD than other agents
with a more balanced profile (26,27). In animal models, dopamine agonists
have been linked to a decreased ejaculatory threshold, whereas removal of
dopaminergic neurons is associated with increased ejaculatory latency
(28). Supporting these in vitro results are reports that dopamine antago-
nists (i.e., antipsychotics) are associated with a high incidence of ED (29).

Although the currently available evidence does not support a direct role
for acetylcholine in sexual function, antidepressants with potent anticho-



244 Rosen

linergic activity, such as tricyclic antidepressants, and those SSRIs with
greater affinity for the cholinergic receptor (e.g., paroxetine) have shown
a marked incidence of SD (30,31).

The role of prolactin in the sexual response cycle remains uncertain.
Because serotonergic stimulation increases prolactin release from the
hypothalamus and dopamine is the prolactin-inhibiting factor, any distur-
bance of the hypothalamic–pituitary–dopaminergic pathway is likely to
affect prolactin secretion (24). Hyperprolactinemia, which can be a conse-
quence of SSRI use (32), is associated with a marked negative effect on
sexual desire and performance in men. Consistent with these findings,
studies have shown that paroxetine, a potent SSRI lacking an effect on
dopamine uptake inhibition, can cause marked increases in plasma prolac-
tin levels in healthy volunteers and patients (33,34).

Another possible explanation for the increased incidence of SD with
SSRIs is suggested by recent findings that certain SSRIs are potent inhib-
itors of nitric oxide synthase both in vitro and in vivo (35); nitric oxide
is a critical element in the signal transduction cascade mediating penile
erection.

TREATMENT OF ED AND COMORBID DEPRESSION
Several clinical trials have demonstrated that ED can be successfully

treated in men with comorbid depression whether or not they are taking
concomitant antidepressant medications (36–39). In the first study of this
kind (Seidman et al. [36]), men with ED and mild to moderate depression
were treated for 12 wk with either flexible-dose sildenafil or placebo. The
clinical questions to be addressed in this study were:
1. Does the presence of depression affect ED treatment response to

sildenafil?
2. Does efficacious treatment of ED indirectly affect the symptoms of

depression?
To address these questions, Seidman et al. (36) conducted a 12-wk

randomized, double-blind, placebo-controlled, multicenter trial in men
with ED and mild to moderate depression (n = 152), defined by criteria
in the Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV) (depressive disorder, not otherwise specified [NOS]) and a
score of 12 or less on the 24-item Hamilton Rating Scale for Depression
(HAM-D). Patients were randomly assigned to receive sildenafil (n = 74)
or placebo (n = 78) for 12 wk of treatment. Efficacy was assessed using
a number of interviewer-rated and self-administered questionnaires:
Change in EF was evaluated using the International Index of Erectile
Function (IIEF), among others; depression was evaluated using the
HAM-D and Beck Depression Index.
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After 12 wk of treatment, mean scores on the IIEF had improved sig-
nificantly among patients who had received sildenafil compared with
scores among those who had received placebo. Thus, sildenafil was effi-
cacious in treating ED among men with minor depression. Of the 136
patients evaluable for efficacy, 73% of patients (48 of 66) who received
sildenafil and 14% (10 of 70) who received placebo were classified as ED
treatment “responders.” Of note, improvements in ED were highly corre-
lated with improvements in depressive symptoms and quality of life
measures, irrespective of the treatment received (i.e., sildenafil or pla-
cebo). That is, responders showed statistically significantly greater
reductions in mean HAM-D (10.6) and Beck Depression Index scores
(10.7) compared with treatment nonresponders.

This widely cited study was the first to demonstrate that sildenafil
treatment significantly improves EF in men with both ED and untreated
comorbid depression. Moreover, the results suggest that patients who
responded to treatment, regardless of the treatment received, showed sig-
nificant improvements in depressive symptoms compared with patients
who did not respond to treatment. Thus, successful treatment of ED in
men with symptoms of depression can lead to marked improvements in
these symptoms.

More recently, the author reported results of a similar double-blind study
of vardenafil (5–20 mg) and placebo in the treatment of men with ED and
untreated mild depressive disorder. In this multicenter, flexible-dose, par-
allel-group, double-blind study, 280 men with mild MDD as assessed by
DSM-IV and HAM-D17 score (between 11 and 17) who were not on psycho-
therapy or antidepressant medication were randomly assigned to receive
placebo or flexible-dose vardenafil (5–20 mg) for 12 wk of treatment.

Primary end points included the IIEF-EF domain score and the HAM-
D17. Secondary end points included penetration (sexual encounter profile
[SEP] question 2 [Q2]), maintenance (SEP Q3), global assessment ques-
tion , and Rosenberg Self-Esteem Scale scores. Results indicated signifi-
cant changes in all measures of EF and both HAM-D17 and self-esteem
scores. A high level of treatment responsiveness was noted in the varden-
afil arm, approx equivalent to the improvement in erection observed in the
previous study with sildenafil. Marked improvements in mood and self-
esteem were associated with the changes in ED.

Taken together, these two studies provide strong evidence of the effi-
cacy of PDE5 inhibitors in patients with both ED and symptoms of mild
to moderate depression. A high level of treatment responsiveness was
observed in patients receiving active drug vs placebo in both studies,
despite the presence of comorbid depression in all patients. The rate of
adverse events was also comparable to other clinical trials with both drugs,
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and no significant increases in psychiatric adverse events were noted.
Clinically significant improvements in mood were also observed, which
were associated with positive changes in EF in both studies. Finally,
significant changes in self-esteem and other aspects of quality-of-life
were observed in association with changes in EF and mood resulting from
treatment. Overall, these studies provide strong support for the safety and
clinical effectiveness of PDE5 therapy in men with ED and comorbid
depression.

PDE5 INHIBITORS IN PATIENTS
RECEIVING ANTIDEPRESSANT THERAPY

As noted by Nurnberg et al. (16), the sexual side effects associated with
medication treatment of depression, hypertension, and other illnesses fre-
quently lead to noncompliance. Overall, treatment-emergent events, such as
ED, weight gain, and sleep disturbance, account for a significant proportion
of treatment discontinuations, which in turn may lead to a relapse or recur-
rence or an increase in the morbidity associated with depression (40,41) or
cardiovascular disease (42–44). Even when MDD is recognized and treated,
up to 70% of patients taking antidepressants are prematurely noncompliant
(45), with side effects reported as the principal reason for discontinuation of
therapy (46). Given the high prevalence and strong association between ED,
depression, and other chronic conditions, a correct differential diagnosis is
essential, albeit difficult. For ED and MDD, it is imperative that clinicians
accurately diagnose the primary disorder and secondary condition so that
treatment can be optimized and the risk of developing complications or
missing treatment of the primary disorder is minimized.

Given the strong association between the use of antidepressant medica-
tion and SD, several studies have addressed the efficacy of PDE5 therapy
in male patients with ED being treated concomitantly with SSRIs or other
antidepressant drugs. Nurnberg et al. (16) conducted a prospective, ran-
domized, double-blind, placebo-controlled, multicenter trial in men with
MDD in remission. MDD was diagnosed according to the DSM-IV criteria
(47) and monitored using the 17-item HAM-D (48).

Patients were required to have been taking an SSRI for 12 wk or more,
to have been experiencing SSRI-induced ED for 4 wk or more, and to have
had satisfactory sexual function before the onset of MDD or SSRI treat-
ment. Thus, in this study, the patients’ depression status (i.e., MDD in
remission) and cause of ED (i.e., SSRI treatment) were prescribed by the
inclusion criteria. In this case, the clinical question of interest was whether
sildenafil was efficacious in treating SSRI-induced ED.

Male patients with a primary complaint of ED (n = 67) were randomly
assigned to receive sildenafil (n = 35) or placebo (n = 32) for 6 wk of
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treatment. Efficacy was assessed by the change in IIEF mean scores from
baseline to end of treatment. Results indicated that sildenafil-treated
patients showed statistically significant improvements in mean scores on
Q3 and Q4 compared with those in placebo-treated patient. At baseline,
HAM-D scores were in the normal range (5.4 in the sildenafil group and
4.7 in the placebo group) and were similarly low at the end of treatment
(3.3 and 5.4, respectively), indicating that MDD in remission was main-
tained for the duration of the study. The most common adverse effect was
headache (21% sildenafil vs 10% placebo), followed by facial flushing
(17% vs 3%), dyspepsia (7% vs 0%), nasal congestion (12% vs 3%), and
transient visual disturbances (12% vs 5%). These results suggest that
sildenafil was efficacious and well-tolerated for the treatment of ED
associated with SSRI therapy for MDD. Thus, sildenafil treatment of
SSRI-induced ED may reduce the likelihood of antidepressant discon-
tinuation because of the sexual side effects, which in turn may reduce the
likelihood of depression relapse or recurrence.

Similarly, Tignol and Benkert conducted a randomized, double-blind,
placebo-controlled, multicenter trial of sildenafil of ED in men with MDD
in remission (37).

Men were eligible to participate if the ED was a presenting symptom
when the depression was diagnosed but was refractory to successful treat-
ment of the depression. In contrast to the study by Nurnberg et al. (16) , not
all patients were required to be taking SSRIs. In fact, at entry into the study,
47 and 41% of patients randomly assigned to take sildenafil and placebo,
respectively, were taking antidepressant medication. Those who were tak-
ing antidepressants were required to have been on a stable dose for 8 wk
or more. Depression in remission was assessed and monitored using the
10-item Montgomery-Asberg Depression Rating Scale (MADRS) (50).

Patients were randomly assigned to receive to sildenafil (n = 83) or
placebo (n = 85) for 12 wk of treatment. Efficacy was evaluated using the
IIEF questionnaire.

After 12 wk of treatment, patients randomly assigned to receive sildena-
fil showed statistically significant improvements in mean Q3 and Q4 scores
compared with patients taking placebo.

In addition, total MADRS scores did not change significantly from an
overall baseline score of 6.3; end-of-treatment scores were 6.6 and 6.2 in
sildenafil- and placebo-treated patients, respectively. Adverse effects were
mild to moderate in severity, and only one patient discontinued because of
an adverse effect. Thus, like the results reviewed previously, these findings
suggest that sildenafil was an efficacious and well-tolerated treatment for
ED in men with MDD in remission, whether treated with an antidepressant
or not.
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Overall, these findings provide strong support for the safety and benefits
of treating antidepressant-associated ED with PDE5 therapy. Although
other treatment options are available (e.g., use of buproprion, dose reduc-
tion, or “drug holidays”), these alternatives each have significant disad-
vantages compared PDE5 inhibitors, which are safe and effective in this
context. Further studies are indicated to investigate the long-term benefits
of ED therapy in this context.

SUMMARY AND CONCLUSION
In summary, ED and other forms of male SD are commonly associated

with depression and the use of antidepressant medications. A number of
direct and indirect mechanisms have been proposed to account for this
association. The relationship between ED and depression is bidirectional
in that depression may occur as a consequence of ED, as well as serving as
a causal or risk factor for ED. Men with ED frequently show signs of mild
or moderate depression, which may resolve with effective treatment of
their SD. Conversely, patients with major depression or bipolar mood
disorder should be carefully screened for the presence and severity of these
disorders before initiation of ED treatment. If necessary, a referral for
specialized psychiatric management should be made. In most cases, how-
ever, the combined treatment of ED and concomitant mood disorders can
be safely and effectively initiated. Based on the studies reviewed in this
chapter, it appears that male patients with ED and concomitant mild to
moderate depression are ideal candidates for treatment with a PDE5 inhibi-
tor, either alone or in conjunction with their ongoing psychotropic medi-
cation. When indicated, primary care physicians or ED specialists should
seek specialized consultation in these cases from a psychiatrist or other
mental health specialist.
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INTRODUCTION

It is estimated that 20 to 30 million American men suffer from some
degree of erectile dysfunction (ED) (1). As the male population ages and
awareness of the problem increases, this number is expected to at least
double by 2025 (2).

Current therapies may be grouped into four general categories:
1.  Psychosexual counseling and education.
2.  Pharmacological therapy.
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3.  Mechanical devices.
4.  Surgical approaches.

Pharmacological treatment for ED includes oral, sublingual, intra-
cavernosal, transurethral, and topical administration of erectogenic drugs.
First-line therapy includes orally and sublingually administered drugs,
whereas intracavernosal and transurethral treatments are considered sec-
ond-line therapy. Table 1 shows the therapeutic options of first-, second-,
and third-line therapy according to the “process of care” model published
by Rosen et al. in 1999 for evaluation and treatment of ED (3).

Local treatments for ED continue to be an expanding area for new
research. As new pathways for the mechanism of erection are elucidated,
therapeutic innovations will follow. Although oral treatment for ED is
expanding, second-line treatment options, including viable combination
therapies (such as oral medication), will most likely maintain an impor-
tant position in the clinician’s therapeutic armamentarium, especially for
patients who have not had success with oral therapies.

INTRACAVERNOSAL, TRANSURETHRAL,
AND TOPICAL DRUGS

Patients who do not respond to oral therapy are considered for second-
line treatments; it is now rare to initially prescribe one of the second-line
therapies when deciding on a treatment. This was more common when
sildenafil was the only oral drug available on the market, because there was

Table 1
Management of ED

Gradual Therapeutic Options

First-line therapy
• Lifestyle/drug therapy modification
• Psychosocial counseling
• Androgen replacement therapy
• Oral therapy

Second-line therapy
• Vacuum tumescence device
• Intracavernosal injection
• Transurethral therapy
• Topical therapy

Third-line therapy
• Penile prosthesis
• Penile vascular surgeries
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a definite contraindication to the use of sildenafil in patients using nitrate
medications. Beyond this, the only other group requiring second-line
therapy might be those requesting a faster onset of response (>15 min),
which cannot be obtained with oral phosphodiesterase-5 (PDE5) inhibitors.

Topical administration of vasoactive agents represents a potentially
reliable option that is appealing to many patients because of its direct
action on the penis, lack of systematic influence, and rapid effect (4).

When counseling patients with ED on available treatment options, every
alternative needs to be extensively detailed, including the side effects, which
are more common and more severe in intracavernosal and transurethral
approaches than in oral therapies.

Intracavernous Injection Therapy

In the early 1980s, researchers endeavored to understand the physiology
of erection after demonstrating that injecting vasoactive agents intracor-
poreally could produce an erection sufficient for successful sexual inter-
course. In 1982, Virag reported that a nonselective PDE inhibitor, papav-
erine hydrochloride, caused penile erection after hypogastric infusion
during vascular reconstructive surgery (5). The first clinical report about
self-injection of erectogenic agents was published by Brindley in 1983 (6).
He used the -adrenergic blocker phenoxybenzamine. In 1985, Zorgniotti
and Lefleur were the first researchers to use a combination of papaverine
and the -adrenergic blocker phentolamine to improve the erectogenic
effect. This was followed by several studies by Ishii introducing prostag-
landin E1 (PGE1), a smooth muscle relaxant and vasodilator, for the treat-
ment of ED in 1986 (7,8).

There are a number of other agents that are available or currently under-
going evaluation for use as intracavernosal agents. The ideal agent needs
to be widely available, user-friendly, and inexpensive. It also should have
an excellent response rate with minimal side effects in patients with vary-
ing causes of ED. The target is to produce an ample erection suitable for
sexual intercourse, lasting about 1 h.

PATIENT SELECTION

When a patient is considered as a potential candidate for intracavernosal
therapy, the characteristics and adverse effects of the treatment, such as
priapism, painful erection, and fibrosis, are explained clearly, along with
a discussion of other alternatives. Patients with a history of hemoglobin-
opathy, bleeding diathesis, Peyronie’s disease, or idiopathic priapism are
excluded from this treatment option. Patients who may be poor candidates
for intracavernosal injection therapy are those who are morbidly obese,
have poor hand dexterity or serious psychiatric disorders, lack a partner
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willing to assist with injections, or might misuse or abuse this therapy.
Patients must be able to understand the importance of proper administra-
tion and the importance of timely intervention when a side effect, such as
priapism, occurs.

THE TRIAL INJECTION

Many authorities believe that if a first-line oral treatment fails in a young
or middle-aged patient, a workup for organic impotence using penile duplex
Doppler ultrasonography is indicated. Information gained in this way can
be valuable in directing future interventions (e.g., adding the use of a con-
striction band if a patient has a significant venous leak). The duplex study
can be performed using intracavernosally administered alprostadil
(Caverject; Upjohn, North Peapack, NJ), and some centers redose if neces-
sary. This maneuver may also serve as a patient’s trial teaching injection.

If duplex Doppler ultrasonography is not readily available or not cov-
ered by medical insurance, a trial injection alone in the office may be
sufficient. A relaxed atmosphere with visually stimulating material is help-
ful, providing that the patient has no personal or religious aversion to erotic
material. The patient is instructed to stand in order to augment blood flow
to the pelvis, and is encouraged to self-stimulate. Injections are directed
along the lateral aspect of the penis and at a 90° angle to the skin, taking care
to avoid the superficial veins, dorsal neurovascular bundle, and urethra,
respectively (Fig. 1).

Fig. 1. Intracorporeal self-injection technique. The needle is directed into the lateral
aspect of the corpora at a 90°; angle to the skin, taking care to avoid the superficial
veins, dorsal neurovascular bundle, and urethra.
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Immediately after drug administration, the injection site should be com-
pressed firmly between thumb and index finger for 5 to 10 min to prevent
subsequent development of intracavernosal hematomas. In the meantime,
the base of the penis is squeezed using a rubber band to block the drug from
entering the systemic blood circulation. Patients are then left alone to
watch an erotic video and asked to stimulate themselves, and the erectile
response is assessed by the physician and the patient. The dose of the
injected drug or mixture is considered adequate when it produces an erec-
tion that is equal to 50 to 70% of the maximum erectile response by the
patient. If the patient reaches a maximal rigid erection, a lower dose is
suggested for home use because the erectile effect induced by the drug is
usually greater than under laboratory conditions.

Patients are instructed to limit the use of injections to three times a week,
with no more than one injection in any 24-h period. They are also taught
to inject the right and left cavernosal bodies alternately and must recognize
the importance of medical follow-up and intervention if an erection lasts
more than 4 h.

ROUTINE FOLLOW-UP

Once the physician feels comfortable that the patient has attained an
appropriate level of competence with a given regimen, injections at home
may begin. The patient should be seen in the office within several weeks
or months of starting home therapy for a physical examination of the penis
and inspection for any signs of improper technique or early fibrotic changes.
After this examination, office visits one or two times per year are reason-
able for most individuals.

AGENTS USED FOR INTRACAVERNOSAL THERAPY

Papaverine

Papaverine hydrochloride is a nonopiate derivative of the poppy plant
(Papaver somniferum) and the first agent widely used for intracavernosal
self-injection. Papaverine inhibits PDE nonspecifically, preventing break-
down of cyclic adenosine monophosphate (cAMP) and cyclic guanosine
monophosphate (cGMP), which leads to a decrease in intracellular cal-
cium level, corporal smooth muscle relaxation, and penile tumescence.

A pilot study by Virag et al. in 1982 demonstrated rigid erections in
normal potent volunteers and subjects with psychogenic impotence (5).
Kapoor et al. showed a satisfactory response in 44% of patients with a 7.5-
mg dose and in another 41% taking 10 to 15 mg (9). Reported efficacy
rates with doses between 30 and 110 mg varied between 27 and 78% and
were dependent on dose and the patient population. A literature analysis
of 19 publications, which included 2181 patients overall, demonstrated
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that papaverine induced an average response rate of 61% during in-office
testing (10).

Although papaverine is inexpensive and effective and does not require
refrigeration, it has a number of well-recognized adverse effects. Specifi-
cally, the incidence of priapism from the use of papaverine as monotherapy
has ranged from 15 to 18%, occurring most commonly in men with neu-
rogenic or psychogenic ED (11). This can be explained by its longer half-
life relative to other intracavernosal agents. The development of painless
fibrotic nodules within the corpora cavernosa may lead to penile curva-
ture. This problem has been reported in 1.5 to 60% of patients treated for
1 yr (12).

Montorsi et al. found that most of the fibrotic nodules occurred in
patients who injected themselves very frequently (multiple trauma to the
corporeal tissue) and who did not compress the injection site for a suffi-
cient period after each use, which led to the subsequent development of
intracavernosal hematomas. Local hematomas, burning, pain after injec-
tion, urethral damage, cavernositis, or local infections have also been
reported. Because of these safety concerns, monotherapy with papaverine
is not considered by most authorities as the treatment of choice.

Phentolamine

In 1976, Domer et al. reported the effect of -adrenergic agonists and
antagonists on the internal urethral sphincter of cats (13). These inves-
tigators also documented that intravenous administration of phentola-
mine induced penile erection. Phentolamine is a nonselective inhibitor of

-adrenergic receptors. It inhibits smooth muscle contraction directly
and has been used in both oral and intravenous approaches for the man-
agement of hypertension and pheochromocytoma. Although phentola-
mine alone is poor at inducing an erectile response in humans, it is known
to act synergistically with other vasoactive agents. Therefore, its clinical
use is mostly limited to combination approaches.

Combination Product: Bimix

The combination of papaverine hydrochloride and phentolamine
mesylate by Zorgniotti and Lefleur in 1985 significantly increased success
rates for pharmacological therapy. Their success rate was 71% in 250
patients (7). Numerous follow-up reports confirmed the efficacy and safety
of this mixture (14–19). The success rates for bimix are as high as those
reported for the most common intracavernosal agent in the United States,
PGE1 (20). When the side effects of prostaglandin and bimix are compared,
the latter is associated with a decreased incidence of penile pain but can
cause fibrosis and priapism.
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Because of its relatively low cost, the combination of papaverine and
phentolamine continues to be a popular method of intracavernosal therapy.

Prostaglandins

The history of prostaglandin therapy dates back to the 1930s, when the
relaxation of uterine smooth muscle in response to exposure to semen was
observed (10).

Soon after, Euler reported the hypotensive effect of a substance he called
“prostaglandin” because it was found in the prostatic fluid and was thought
to originate from the prostate gland (although in fact it derives from the
seminal vesicles).

PGE1 modulates adenyl cyclase to increase cAMP concentrations in the
corpus cavernosum. This leads to a decrease in intracellular free calcium,
which induces smooth muscle relaxation, resulting in erection. It is rapidly
metabolized in the lungs and is excreted by the kidney. There are no reports
of any significant systemic accumulation of PGE1.

In the United States, alprostadil (a prostaglandin derivate) is available
as Caverject (Pharmacia and Upjohn Co., Bridgewater, NJ) and EDEX
(Schwarz Pharma, Milwaukee, WI). Caverject has been marketed since
1996, whereas EDEX has been marketed since 1997.

In 1983, Adaikan et al. described the strong relaxing effect of PGE1 on
smooth muscle (21). The first report on intracavernosal injection of PGE1

for therapy of ED was published by Ishii and coworkers in 1986 (8). In a
study of 447 patients, a response rate of 72% to PGE1 was published by
Porst (22). Large prospective trials have since documented even higher
success rates (23–25).

Alprostadil, the synthetic formulation of PGE1, is well established as a
monotherapy for ED, with efficacy rates greater than those associated with
papaverine alone. It is also the most widely used component in multidrug
combination vasoactive mixtures; its use allows for reductions in the doses
of other single agents, thus improving the adverse effect profile.

The most frequently reported adverse effect of PGE1 intracavernous
injections is local corporeal discomfort, which occurs in more than 25% of
the patients (24,26).

Some researchers believe that coinjection with lidocaine, sodium bicar-
bonate, or other anesthetics may reduce pain, but this is debatable (27).
Another common side effect is prolonged erection, which occurs in 4% of
patients. Compared with papaverine and the bimix combination, however,
PGE1 is associated with a lower incidence of prolonged erections and
corporal fibrosis but has the disadvantages of penile pain and higher cost.

The use of alprostadil is to be avoided in any patient with a history of
anticoagulant therapy, bleeding disorders, polycythemia, sickle cell dis-
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ease, thrombocytosis, or multiple myeloma. PGE1 or alprostadil can also
be exploited for topical and transurethral use of alprostadil.

An interesting concept is the increase in the frequency of spontaneous
erections and the decreased need for treatment after follow-up with long-
standing intracavernosal vasoactive injection therapy. PGE1 intracavern-
osal injections can markedly improve cavernosal artery function, as shown
by penile duplex Doppler ultrasonography (28).

This may be a result of significant changes in intracavernosal structure
(e.g., microvascularization or hypertrophy of the sinusoidal smooth
muscles at the ultrastructural level). Brock et al. (29) reported a return of
spontaneous erections in 85% of attempts in 54 men during long-term
intracavernosal alprostadil therapy. The issue remains controversial. In
another study, nocturnal penile tumescence activity remained unchanged
after the long-term use of intracavernosal injections (30). Potential expla-
nations for these opposing results may be the methods used to evaluate ED.

Combination Product: Trimix

The combination of papaverine, phentolamine, and PGE1, known as
trimix, has become popular owing to its high efficacy, lower incidence of
pain, and lower cost per dose. Combination therapy was first introduced in
1991 by Bennet and coworkers, with a reported success rate of 92% in 116
patients (31). A crossover study by McMahon comparing PGE1 alone with
the three-drug regimen in 228 patients also showed increased efficacy
with the trimixture in patients with arterial insufficiency and with mild-
to-moderate venous insufficiency (32). Many clinicians reserve the
trimix regimen for men with vascular ED in whom therapy with PGE1

or the bimix combination failed, or for patients who experience severe
penile pain with PGE1 injections. A prospective study by Bechara et al.
found that the trimixture is more effective than high-dose PGE1 in achiev-
ing suitable erection and that there is a lower incidence of pain during
injection or erection (33). The rates of priapism were essentially the same.

The rationale for the use of multiple vasoactive drugs is the synergistic
action resulting from the different mechanisms of action of the drugs
involved, producing erectogenic effects. Unfortunately, none of the drugs
mentioned herein is guaranteed to produce an erectile response in all
types of ED patients participating in pharmacological injection programs.
Patients with severe penile vascular impairments, especially those with
marked veno-occlusive dysfunction of the corpora cavernosa, are usually
poor responders to single-drug injections. In addition, adverse effects
observed during intracavernous pharmacotherapy are mainly drug related
(i.e., they are a result of the chemical composition of the drug itself, to the
total dose of the drug used for a single injection, or to the total volume
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injected). The combination of multiple vasoactive drugs can produce a full
erectile response in more than 90% of patients.

Vasoactive Intestinal Polypeptide

Vasoactive intestinal polypeptide (VIP) is a neurotransmitter that acts
through stimulation of adenyl cyclase and does not appear to act through
the release of nitric oxide.

Specific VIP receptors are present in cavernosal smooth muscle cells
and mediate smooth muscle relaxation by increasing concentrations of
cAMP. In vitro studies on canine models demonstrated modest increases
in arterial inflow and more pronounced effects on decreasing venous out-
flow. As a single-agent therapy, VIP fails to produce erection sufficient for
sexual intercourse (34). Its efficacy has been proposed in intracavernosal
combination therapy, and it has the recognized benefit of not inducing
penile pain.

A recent study of intracavernosal therapy failures revealed that the
combination of VIP and phentolamine caused sufficient erections (35).
Sandhu and coworkers, using VIP in combination with phentolamine,
reported an 82% response rate in 183 patients in whom other ED therapies
had failed. Minor side effects, including facial flushing, bruising, and pain
at the injection site, occurred in less than 3% of the patients, and only 0.5%
of the patients developed priapism (36).

Further trials with VIP in combination with other agents are in
progress.

Nitrodonors: Linsidomine and Nitroprusside

Linsidomine is the active metabolite of the antianginal drug molsido-
mine and is thought to liberate nitric oxide nonenzymatically. Nitric oxide
is recognized as the primary mediator of penile erection (37). Various
studies in the early 1990s reported promising results with few side effects.
A follow-up, single-blind crossover study by Wegner and coworkers com-
paring linsidomine chlorhydrate and PGE1 injections in 20 patients dem-
onstrated a superior response to prostaglandin in every case (38). Although
linsidomine seems to be safe, it does not exhibit superior results compared
with other current intracavernosal therapy options.

A comparative study of nitroprusside and PGE1 revealed that 20 μg of
PGE1 induced better responses overall than 300 to 400 μg of nitroprus-
side. Furthermore, nitroprusside induced systemic hypotension in 15% of
patients. Despite lower costs, decreased pain, and shorter activity com-
pared with PGE1, nitroprusside has never entered into any multicen-
ter trials (39). Further research using linsidomine and other nitric oxide
donors is still in order.
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Forskolin
Forskolin (an alkaloid from the plant Coleus forskohlii) induces smooth

muscle relaxation by direct activation of the catalytic domain of the enzyme
adenylate cyclase. In contrast, PGE1 and VIP indirectly stimulate adenylate
cyclase by interacting with specific G protein-coupled receptors. Mulhall
et al. (40) revealed that forskolin acts synergistically with PGE1 to increase
cAMP levels and induce smooth muscle relaxation. In 31 patients with ED
who were poor responders to the trimix combination of papaverine, phento-
lamine, and PGE1, the response rate improved rising to 61% with the addi-
tion of forskolin.

Although promising, no follow-up studies examining the efficacy and
the potential toxicity of forskolin have been undertaken.

Potassium Channel Openers
Myogenic activity is intimately related to fluctuations in calcium con-

centrations across the cell membrane. Calcium influx is controlled through
voltage-sensitive channels. Maintaining smooth muscle relaxation in
the corpus cavernosum through membrane hyperpolarization by opening
potassium channels is currently an area of intense interest. In vitro and in
vivo animal studies using intracavernosal potassium channel openers may
represent tomorrow’s pharmacological breakthrough.

Calcitonin gene-related peptide (CGRP) is a potassium channel opener.
The use of CGRP, 5 μg together with 10 μg PGE1 in patients who did not
respond to a bimix of papaverine and phentolamine caused full erections
in 70% of patients with no significant complications (41). Higher doses
(25 μg) are known to cause facial flushing and hypotension.

In the future, CGRP may be considered when intracavernosal PGE1 or
other drugs alone fail to produce a full erectile response (42).

Moxisylyte

Moxisylyte (thymoxamine) is a selective 1-receptor blocker. It clearly
decreases the spontaneous activity, amplitude, and tone of contractions of
cavernous smooth muscle in dogs in vivo and relaxes norepinephrine-
contracted corporeal smooth muscle strips in vitro (43).

Doses of 10 to 30 mg are able to induce a erection satisfactory for sexual
intercourse in 85% of patients (44). In comparison to PGE1, moxisylyte
causes less penile pain, a similar incidence of prolonged erection, and
cavernosal fibrosis. PGE1 has a higher success rate, however, and results
in better penile rigidity (45).

Atropine

The use of atropine sulfate in pharmaceutical erection programs was
first reported by Virag et al. (46). In low doses, atropine blocks muscarinic
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receptors, thereby diminishing cholinergic inhibition of the adrenergic and
cholinergic excitation of the nonadrenergic, noncholinergic neuroeffector
systems that control neurogenic corporeal smooth muscle relaxation. In
large doses, atropine releases an endothelium-derived relaxing factor that
has recently been identified as a neurotransmitter involved in penile erec-
tion. Atropine is often included in multidrug mixtures for intracavernosal
injection (47).

ORAL TREATMENT VS INTRACAVERNOSAL INJECTION THERAPY

In March 1998, sildenafil citrate, a selective PDE5 inhibitor, became the
first approved oral drug for the treatment of ED in the United States. Its
advent revolutionized the clinical management of ED. Because of its
acceptable mode of administration, many patients who were using intra-
cavernous injection therapy voluntarily converted to oral sildenafil therapy.
Intracavernosal therapy remains a second-line treatment for patients who
do not respond to oral therapy or for whom it is contraindicated.

Hatzichristou et al. (48) switched patients with ED who had been using
intracavernous alprostadil successfully for at least 6 mo to sildenafil with
an individually titrated dose. Sixty-four percent of the patients responding
to oral therapy preferred to continue with oral medication at the end of a
12-wk period; 33% chose injection therapy; and 3% continued to use both
treatments alternately. Validated questionnaires have demonstrated a
higher rate of erections resulting in sexual intercourse with alprostadil
injections, but patients who respond to both options prefer to use oral
medication. There is a subset of patients who decide to use injection therapy
because of its better efficacy and earlier onset of erection.

An interesting issue relates to patients who do not respond to PDE5
inhibitors. Shabsigh et al. (49) treated 67 patients with ED with escalating
does of sildenafil over a 4-wk period. Nonresponding patients were evalu-
ated with the International Index of Erectile Dysfunction (IIEF) question-
naire and entered into an alprostadil alfadex in-office titration phase to
determine the optimal dose up to 40 μg, followed by a 6-wk at-home
treatment phase. This resulted in improvements in questions 3 and 4 of the
IIEF in 90 and 85% of the patients, respectively. The most common side
effect was penile pain in 30%. Hence, intracavernosal alprostadil therapy
is efficacious and safe in men in whom initial therapy with sildenafil fails.

Another open-label multicenter study investigated the efficacy and
safety of alprostadil in 195 sildenafil (Viagra) nonresponders (50). Intra-
cavernous Caverject administration led to a response rate of 81% and an
overall success rate of 66% in patients not responding to oral sildenafil.
Reasons for withdrawal included lack of efficacy, minor adverse effects,
and partner issues.
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Combination therapy was demonstrated by McMahon et al. (51), who
studied 93 patients not responding to a home trial with high-dose
alprostadil or trimix. Thirty-four percent of these patients had a sufficient
erection with sildenafil alone, whereas 47.5% responded to the sildenafil-
plus-injection combination.

Hence, salvage of nonresponding patients with ED works in a signifi-
cant proportion of those in whom injections alone fail. This is because
different mechanisms of action for PGE1 and PDE5 inhibitors are opera-
tive, namely, the nitric oxide cGMP and cAMP systems.

Transurethral Therapy
BACKGROUND

Although intracavernous injection of vasoactive agents is the most effec-
tive pharmacological therapy for ED, there is a 31 to 80% dropout rate. This
is despite its high safety, efficacy, and short onset time (10). Reasons for
dropout include penile pain, loss of effectiveness, concomitant illness, aver-
sion to self-injection, and fear of self-injection with a needle (52,53).

A number of researchers and entrepreneurs sought alternative routes for
delivering vasoactive agents to treat ED. Oral PGE1 failed to induce rigid
erections (54). Transcutaneous therapies, such as nitroglycerin (55),
minoxidil (56), yohimbine ointment, PGE1 (57), and papaverine topical
gel (58), demonstrated few side effects but also failed to induce penile
erection sufficient for satisfactory intercourse in most patients.

A novel approach involved transurethral drug delivery, which allows the
transfer of drugs through the urethra directly into the cavernosal tissues.
Retrograde urethrography with contrast media performed with the proxi-
mal urethra constricted demonstrated vascular communications between
the spongiosal and cavernosal compartments (59).

TRANSURETHRAL ALPROSTADIL

Transurethral application of alprostadil (PGE1) has been developed and
marketed by VIVUS (Mountain View, CA). The Medicated Transurethral
System for Erection (MUSE) consists of a polypropylene applicator with
a hollow stem 3.2 cm in length and 3.5 mm in diameter. The tip (measuring
3 or 6 mm in length) contains a semisolid pellet of medication, available
in doses of 125, 250, 500, and 1000 μg. The stem is inserted fully into the
urethra, a button is depressed to dispense the pellet, and the applicator is
removed (Fig. 2).

It is important to instruct the patients to urinate immediately before
application, because residual urine in the urethra helps facilitate insertion
of the applicator and helps disperse the medicine. After the applicator is
removed, massaging the penis for 30 to 60 s while standing allows the
compound to disperse and be fully absorbed.
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One study showed that 49% of 68 men with long-standing ED of prima-
rily organic origin achieved an erection sufficient for sexual intercourse
(60). Another multicenter study reported that more than 60% of men using
MUSE in the office achieved erections rigid enough for penetration (61).
Results with home use were defined as successful penetration occurring at
least once during the trial. This occurred in 65 to 70% of those using MUSE
vs 10 to 20% of those on placebo (61). The onset time was rapid, averaging
about 7 min, and duration of erection was dose-dependent, ranging from
67 to 79 min (62).

Most patients responded to 500- and 1000-μg doses; for this reason,
most patients are started with 500-μg dose (63). In special patient catego-
ries, such as those with spinal cord injury or men who have undergone
radical prostatectomy, MUSE achieved erection rates lower than those
seen in the general population of men with ED (64,65).

Better erections were achieved by using the adjustable external penile
band, or ACTIS (Virus Inc., Mountain View, CA) at the base of the penis.

This device is placed snugly around the base of the penis immediately
before MUSE application to facilitate medication exposure, blood entrap-
ment within the penis, and better erections. The band is gradually loosened
and removed within 10 min.

ADVERSE REACTIONS

Although alprostadil is a vasodilatory agent, it exhibits few systemic
effects. Adverse reactions are more frequent with intravenous administra-

Fig. 2. Intraurethral technique. After voiding, the patient gently passes the applicator
stem into the distal urethra to allow for deposition of the alprostadil pellet. MUSE,
Medical Transurethral System for Erection.
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tion. Nevertheless, local penile pain has been reported as the most common
side effect (29–41%) (61,66,67), as it is for intracavernous and topical
administration.

Alprostadil sensitizes the sensory nerve fibers to noxious stimuli through
interactions with specific prostaglandin receptors. Procaine, lidocaine, and
sodium bicarbonate plus PGE1 have been reported to alleviate penile pain
with intracavernous injection studies (68–70). However, no such clinical
study has been reported for the transurethral route.

Other side effects from transurethral administration include urethral
bleeding in about 5% of men and dizziness in 2 to 14% (61,66,70). Pri-
apism has rarely been reported in the literature.

Fulgham and coworkers (66) reported that a significant proportion of
treated patients showed a decrease in both systolic and diastolic blood
pressure after the administration of MUSE. A total of 20% of patients
experienced at least one adverse effect. These authors reported that less
than 30% of patients at any given time, using any dose, achieved erec-
tions sufficient for intercourse during in-office testing. Because of this
limited efficacy, discomfort, and cost, more than 80% of the patients did
not continue with MUSE at home (66).

TRIALS COMPARING TRANSURETHRAL AND ORAL THERAPY

Mydlo et al. (71) showed that most patients who did not respond to
MUSE did respond to sildenafil, whereas patients in whom sildenafil failed
responded to MUSE in less than 1% of cases.

TRIALS COMPARING TRANSURETHRAL

AND INTRACAVERNOSAL ALPROSTADIL

Shabsigh and coworkers (72)performed a crossover, randomized, open-
label multicenter study in 111 patients with ED, comparing efficacy, safety,
and patient preference of intracavernous injections of EDEX with MUSE
plus optional ACTIS.

Intracavernosal injections produced better results than transurethral appli-
cation, with sufficient erections in 83% vs 53%, respectively. Significantly
more patients using EDEX achieved at least one erection sufficient
for sexual intercourse (93% with EDEX vs 62% with MUSE). Patient and
partner satisfaction was greater with EDEX, whereas the overall number
of adverse effects was similar with both treatments. Furthermore, Porst
reported similar results in 1997 (73). The finding that intracavernosal
alprostadil is able to produce erections with better rigidity compared with
transurethral alprostadil has been also confirmed by other investigators
(74,75). MUSE has been reported to be effective in 58% of patients who had
not responded to intracavernosal injections with alprostadil, however (76).
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TOPICAL PHARMACOLOGICAL THERAPY

General Principles

Transdermal application of medications is a well-established tech-
nology that provides durable and constant plasma levels of drugs, such as
hormones, narcotics, and vasodilators. Penile topical therapy invokes cer-
tain issues regarding its unique anatomy and physiology. There are numer-
ous fascial layers between the penile skin and the corpora cavernosa. The
tunica albuginea is presumed to be difficult to penetrate because of its thick
layers of collagen. Thus, topical treatment trials have focused on exposure
to the glans penis, because it has direct venous communication to the
corpus spongiosum, which bridges the drug transfer through the tunica
albuginea. Investigators have used permeation enhancers to facilitate the
transfer of drug to the corporal smooth muscle. The penile and scrotal skin
are the most permeable of all anatomical locations tested. An additional
factor confounding the effective delivery of drugs is the rich vasculature
of the deep dermis, which may drive a certain amount of the drug into
systemic circulation.

In pilot studies, transcutaneous therapies, such as nitroglycerin (55),
minoxidil (56), yohimbine ointment, PGE1(57), and papaverine topical gel
(58), demonstrated few side effects but failed to induce rigid erections,
apparently because of insufficient transfer of the vasoactive agent through
penile skin without the aid of permeation enhancers. Borges (77) tried to
overcome the presumed permeation problem by performing a surgical
procedure, creating a 1-cm square window in Buck’s fascia and the tunica
albuginea of impotent men and covering the defect with a patch of deep
dorsal vein. The intention was to apply local nitroglycerin cream on the
skin right above the defect. The concept did not progress further, perhaps
because of failure of the patch, inherent absorptive tissues in the skin, or
failure in the formulation of the topical agent.

Most of the delivery systems currently in use for topical therapy are
intended for slow and steady release of medication, such as those used in
hormonal, analgesic, or narcotic patches. This slower process is not effec-
tive as an erection initiator because the drug transfer is likely to be slow.
The formulation used needs to have a sufficient penetration enhancer to
help transfer the active agent and release it at the site of action.

A well-established agent that enhances the transport of a variety of
drugs through human or porcine skin in vitro is soft enhancer of percuta-
neous absorption (SEPA) (2-nonyl-1,3-dioxolane) (78). Because of its
amphiphilic structure, it causes a temporary reversible modification in the
stratum corneum that provides diffusion of drugs at a much higher rate than
normal.
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Topical PGE1

McVary et al. (79) evaluated and compared the use of SEPA in a gel
formulation containing alprostadil for systemic effects, local tolerance of
the penis, and effectiveness in inducing erections in patients with ED.
Application of the PGE1 correlated positively with erectile response in a
majority of patients on active drug: 67 to 75% of the patients achieved an
erection sufficient for intercourse compared with 17% in the control group.
This represented an advance in topical administration studies. With audio-
visual or tactile stimulation, the response to the drug was greatly aug-
mented, suggesting the role of topical gels in facilitation rather than
initiation of erection. No serious side effects were reported except for
minimal skin discomfort. Systemic drug interactions are unlikely because
of the low systemic absorbance and the short half-life of topical prostag-
landin.

Goldstein et al. reported that 40% of patients treated with topical PGE1/
SEPA were able to get a satisfactory erection without significant changes
in systemic vital signs (80).

The first at-home phase II study was published by Padma-Nathan in
2003 (81). He included a broad range of ED severities, as determined by the
IIEF, and described a clinically meaningful improvement in this domain.
In conclusion, these studies support the rationale for phase III studies,
which are currently ongoing.

A different agent for topical penile therapy was explored recently: PGE1

ethyl ester, a prodrug of PGE1 that improves transdermal permeation be-
cause of esterification. Schanz et al. reported both good efficacy and few
adverse effects. A further evaluation of this route is in progress using
higher doses in a placebo-controlled trial (82).

Topical Minoxidil
Minoxidil is an antihypertensive agent that primarily acts by opening

potassium channels in the membrane of vascular smooth muscle cells.
Although little can be said about its role in regard to ED, there is extensive
literature on its use as an antihypertensive medication. Because of its
potency and the adverse reactions it causes, oral minoxidil is used mainly
for patients with severe drug-resistant forms of hypertension.

Minoxidil does not have a direct vasodilatory effect on arterial smooth
muscle. It is converted to minoxidil O-sulfate by a hepatic enzyme, how-
ever, which does have a direct vasodilatory effect on arterial smooth
muscle. Minoxidil-induced delay in the hydrolysis of cAMP via the inhi-
bition of PDE may contribute to the drug’s vasodilatory action as well.

Conflicting results have been reported regarding its erectogenic effects.
Under laboratory conditions, application of 1 mL of a 2% minoxidil solu-
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tion to the glans penis caused greater change in penile tumescence and
rigidity and in arterial function than did administration of 2.5 g of 10%
nitroglycerin ointment and placebo (83).

When the same doses of minoxidil were used in a clinical setting, how-
ever, this drug appeared to be of minimal usefulness in improving sexual
activity (84,85). This striking difference may be a result of different crite-
ria used to assess the erectile response; that is, in the clinical studies, only
the patients achieving erections adequate for vaginal penetration were
considered responders.

The adverse reaction profile for minoxidil depends on its use. Systemic
adverse reactions are unlikely to occur from topical administration.

Topical Papaverine
The use of topical papaverine was reported by Kim et al. in a phase I/II

single-blinded placebo-controlled trial in 20 patients with organic impo-
tence (58). After the application of the gel to the penis, scrotum, and
perineum, a dose-dependent hemodynamic effect was found during duplex
ultrasonography. Full clinical erections were present in only 15% of
patients, however, which was also reported for the group receiving pla-
cebo. Papaverine gel is not as effective as intracavernous injection therapy
but could be promising at higher concentrations or in combination with
other skin enhancers.

Topical Nitroglycerin
The use of topical nitroglycerin is a standard treatment for unstable

angina pectoris and Raynaud’s disease because predictable blood levels of
this drug can be achieved. The use of nitroglycerin ointments, pastes,
plasters, and patches for the treatment of ED has been tried in several
studies. A measurable vasodilatory response to nitroglycerin ointment has
been shown by color Doppler ultrasonography, and a definite relaxation of
strips of penile cavernous tissue induced in vitro by nitroglycerin has also
been demonstrated (86,87).

The most frequent adverse reaction is headache, occurring in 2% of
patients. Other reactions, occurring in less than 1%, are tachycardia, nau-
sea, vomiting, restlessness, palpitations, dizziness, and abdominal pain.
Cutaneous flushing, weakness, drug rash, and allergies to adhesives used
with the nitroglycerin have also been reported.

Conclusion
Because of its safety, efficacy, and simple administration, topical PGE1

application is a viable second-line agent for the treatment of ED and may
become an option for patients who are unresponsive to oral PDE5 inhibi-
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tors or in whom they are contraindicated. For patients who are unable to
perform local intracavernosal injection owing to bodily inadequacy, such
as patients with Parkinson’s disease or spinal injuries, as well as morbidly
obese patients, it is a welcome therapy.

Further studies regarding different topically administered agents are in
progress.

COMBINATION THERAPIES

In March 1998, sildenafil citrate, a selective PDE5 inhibitor, became the
first approved oral drug for ED in the United States. Its advent revolution-
ized the management of ED. Clinical trials documented efficacy and safety
in patients of all ages and with ED of various causes and degrees of sever-
ity. Despite its efficacy, determined in clinical trials conducted with healthy
volunteers and subsequently with patients with minimal or moderate ED,
general urological practice outcomes are usually less than expected.

Efficacy rates of the PDE5 inhibitors in urological practice range from
50 to 70%, depending on the severity of ED and underlying diseases.

This raises the issue of how we can best help the other 30 to 50% of
patients who have an unsatisfactory response to first-line oral monotherapy.
Motivated patients should proceed to second-line therapies, such as tran-
surethral application of alprostadil, intracavernosal injection of alprostadil,
or a trimixture combination. In many cases, however, this is not a cure-all.
The initial success of transurethral MUSE has been difficult to duplicate
in an office setting and intracavernous injections often have severe side
effects.

Another currently uninvestigated approach is the use of combination
therapies. Similar to cancer therapy, an ideal combination therapy would
combine drugs with:
1. Different mechanisms acting at different targets.
2. Durable efficacy.
3. Nonoverlapping adverse effects (88).

The cost of combination therapy may be prohibitive, however. The
simplest combination therapy may be a single agent plus brief psycho-
therapy or counseling. In addition, behavioral modifications may be effec-
tive, because patients with diabetes, hypertension, and coronary artery
disease are often affected by ED.

The concept of combination drug therapy for ED is appealing and has
been used since the 1980s in the form of intracavernous injection therapy.
The impetus was to reduce the incidence of adverse effects and to improve
efficacy. The emergence of oral agents with efficacy in the treatment of ED
led to pilot studies using a wide array of drug combinations. These studies
mixed agents with different mechanisms of action and alternate routes of
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administration. For example, substances that use cAMP have been com-
bined with those that antagonize -adrenergic receptors or that increase
cGMP levels. Similarly, drugs that increase cGMP levels have been used
with those that antagonize -adrenergic receptors or elevate cAMP levels.

Another approach has been to use centrally-acting dopamine agonists
and agents that increase cGMP levels or block -adrenoceptors. The reluc-
tance to perform intracavernous injections along with the emergence of
approved oral agents for ED has led to the use of oral combinations.Before
the release of PDE5 inhibitors, an oral 1-adrenergic blocker plus intracav-
ernous therapy had been used. Kaplan et al. examined 38 men in whom
intracavernous alprostadil was ineffective (89). The combination of doxa-
zosin and intracavernous alprostadil resulted in an overall 55.7% improve-
ment on the global efficacy questionnaire. Nevertheless, this study was
open label and nonrandomized, raising questions regarding applicability.

Benign prostatic hyperplasia is often treated with oral -adrenergic
blockers. Not unexpectedly, many men also using sildenafil because of ED
noticed an enhanced response to sildenafil when combined with oral
doxazosin.

After the approval of sildenafil, clinicians empirically tried combina-
tion therapies as a salvage treatment for patients in whom monotherapy
failed. The two most popular approaches have been the use of sildenafil
plus transurethral application of alprostadil or  intracavernous injection of
alprostadil (Table 2).

The efficacy of sildenafil plus transurethral alprostadil was reported
by Nehra and coworkers (90). Twenty-eight patients, 17 with a history
of radi-cal prostatectomy and 11 with a diagnosis of organic ED, were

Table 2
Drug Combination Strategies

cAMP + -adrenergic blocker: ICI PGE1 + doxazosin

cAMP + cGMP: ICI PGE1 + sildenafil
MUSE PGE1 + sildenafil

cGMP + -adrenergic blocker: sildenafil + phentolamine
sildenafil + doxazosin

Central + peripheral: apomorphine + alfuzosin
apomorphine + sildenafil
apomorphine + 1D-antagonist

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanine
monophosphate; ICI, intracavernous injection; MUSE, Medical Trans-
urethral System for Erection; PGE1, prostaglandin E1.
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included in this study. In all these patients, monotherapy with either
100 mg of sildenafil citrate or 1000 μg of MUSE had failed. After initi-
ating combination therapy, all 28 patients reported erections sufficient for
vaginal penetration at 30 mo, with 3.6 intercourse episodes per month.
None of the patients switched to the use of intracavernosal therapy or
penile prosthesis.

As mentioned previously, McMahon et al. reported that combining
sildenafil and intracavernosal injection therapy may be a salvage treatment
for a significant proportion of patients in whom oral monotherapy and
injections alone fail (51).

These combinations raise the possibility that a sildenafil-plus-alprostadil
regimen may act as a rescue treatment for those in whom monotherapies
fail. Yet the true safety and efficacy remain to be tested in a double-blind,
placebo-controlled, randomized trial.

CONCLUSION

At present, oral pharmacotherapy represents the first-line option for
most patients with ED. Patients who do not respond to oral therapy or those
who are not eligible for this treatment are appropriately considered for
second-line treatments, which include intracavernosal injections, transure-
thral suppositories, and topical agents. Currently, intracavernosal injection
therapy is associated with the highest efficacy within this group. The major
limitation of this approach is represented by its high attrition rate. In addi-
tion, intraurethral administration of alprostadil may have a more limited
role in the future in view of the advent of novel, safe, and effective oral
drugs. Topical agents remain an attractive option with the potential to
become a first-line treatment, if an effective system to facilitate skin and
tunica transfer can be identified.

Preliminary investigations regarding combination therapies suggest
avenues for further research and offer the potential for a convenient,
noninvasive treatment for patients with ED who do not respond to PDE5
inhibitor monotherapy.

These reports must be viewed with some degree of skepticism because
of the lack of randomized comparative drug trials with sufficient numbers
of patients. Furthermore, in designing such studies, it is difficult to control
the placebo effect when two routes of administration or two agents with
different adverse effects are used.

Because of the lack of control data and the potential for significant
safety issues, it would make sense to recommend a combination of phar-
macological and sex therapy or psychological therapy first before moving
into combination therapies. Lifestyle modification would most likely con-
tribute to therapeutic success.
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INTRODUCTION

A rekindling of interest in androgen supplementation therapy has
occurred in the last decade. Undoubtedly this is a result of the increasing
recognition and acceptance of issues of men’s health, which in many
ways are closely related to the aging process. This interest has not been
limited to health care professionals and the pharmaceutical industry but
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has extensively included the lay press and the general public. In addition,
long-established concepts related to hormone replacement therapy in
women have been vigorously challenged, and some of the new findings
were, erroneously and baselessly, extrapolated to androgen replacement
therapy (ART) in men.

GENERAL CONCEPTS
OF HORMONES AND SEXUAL FUNCTION

This chapter deals exclusively with hormonal alterations naturally devel-
oping in the adult male; congenital anomalies and hypogonadism occurring
as a consequence of medical intervention (i.e., surgical or medical castration
for the treatment of advanced prostate carcinoma) are excluded. In men,
gonadal function is affected in a slow, progressive way as part of the normal
aging process (1). Although the age-related decrease in androgen produc-
tion has been clinically documented and categorized for more than 50 yr (2),
only recently has significant and sustained interest in this condition devel-
oped. It is variously known as male climacteric, andropause, or, more appro-
priately, androgen decline in the aging male or late-onset hypogonadism
(LOH). The term andropause is biologically wrong and clinically inappro-
priate, but it adequately conveys the concept of emotional and physical
changes that (although related to aging in general) can also be associated
with significant hormonal alterations. The inappropriateness of the term is
based on the fact that in women, the reproductive cycle invariably ends with
ovarian failure. In men, this process is not universal, and, when it occurs, it
is normally subtle in its clinical manifestations.

LOH is relatively common. It is important to differentiate between symp-
tomatic LOH , which requires treatment, and the incidentally found low
level of testosterone in a man without symptoms. The former may require
treatment, while the latter does not. The prevalence of LOH throughout
the world is not known. Table 1 shows estimates of prevalence from three
separate North American studies (3).

The International Society for the Study of the Aging Male has recom-
mended a definition for the condition resulting from the decline in andro-
gen production in the adult (4). This definition was modified to focus more
directly on sexual function at the Second Consultation on Sexual Medicine
and now offers the most explicit and acceptable definition useful for cli-
nicians. It reads as follows: “Adult onset hypogonadism is a clinical and
biochemical syndrome frequently associated with advancing age and char-
acterized by a deficiency in serum androgen levels, with or without changes
in receptor sensitivity to androgens. It may affect the function of multiple
organ systems and result in significant detriment in the quality of life,
including major alterations in sexual function.”
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Table 1
Prevalence of Hypogonadism in Older Males (%)

Age Baltimore Mayo Canadian
(yr) Longitudinal Study a Clinic b MDs b

40–49   2   2   5
50–59   9   6 30
60–69 34 20 45
70–79 68 34 70
80+ 91 — —

a Based on a free androgen index.
b Based on bioavailable testosterone.
Adapted from ref. 3.

It is worth mentioning that endocrinopathies resulting from the normal
process of aging in men are not exclusively centered on sex steroids.
Although hypotestosteronemia is the most widely recognized and inves-
tigated hormonal alteration associated with sexual performance, the pro-
duction of several other hormones (e.g., growth hormone, dehydroepian-
drosterone [DHEA], and melatonin) is also profoundly affected by age
and may have direct and indirect implications in sexual function.

CORRELATES OF HYPOGONADISM
AND SEXUAL FUNCTION

Convincing and well-recognized epidemiological studies have found
age to be the most important factor associated with erectile dysfunction
(ED) (5,6). Traditionally, it was thought that a variety of vascular and
neurological problems developing during the aging process acted together
to cause frequent and severe disruption of the peripheral erectile mecha-
nisms. Undoubtedly, there is an immediate relationship between the neu-
rovascular alterations and the sexual response. However, more recent
research offers new perspectives that need to be taken into consideration
for their potential clinical implications.

Evidence for Direct Transsynaptic
Neural Phalloencephalic Connection

Our understanding of the neurological control of a major portion of the
sexual response has been greatly enhanced by techniques capable of map-
ping central nervous system (CNS) circuitry via transneuronal tracing stud-
ies. These techniques permit delineation of the CNS and its connections
with specific peripheral organs. Thus, through a number of elegant animal
experiments using a pseudorabies virus capable of transsynaptic transport
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and amplification, Marson et al. (7), among others, have documented con-
sistent labeling of the following portions of the forebrain within a day of
injection of pseudorabies virus into the penis: the paraventricular nucleus
(PVN), the medial preoptic area (MPOA), and the supraoptic nucleus.
Such findings clearly support the view that these high locations of the CNS
have a direct connection to the genitals and are fundamental in the control
of sexual behavior and function.

In addition to the ever-important anatomical links, further evidence has
been provided of a direct functional relationship via the induction of penile
erections with either electrical stimulation or the injection of the dopam-
inergic agonist apomorphine directly into the MPOA and PVN (8). Taken
together, these studies offer solid and convincing evidence of a major
central neurological contribution to the erectile mechanisms. See Chapters
1 and 14 regarding a thorough explanation of the role of the CNS in the
mechanisms of erectile function.

The Role of Sex Steroids
The extent to which the changes in the hormonal milieu that develop as

life progresses contribute to the appearance and persistence of ED remains
speculative. It is known, however, that hypogonadism is associated with a
decrease in sexual interest and deterioration in the quality of erectile func-
tion. Both these situations can be improved with androgen supplementa-
tion therapy. The therapeutic response has been explained as being the
result of the combined central and peripheral activity of androgens. The
latter appear to be fundamental in the signaling process leading to the ade-
quate production of nitric oxide (NO) concentrations in the smooth muscle
of the penile corpora through the activity of NO synthase (NOS).

The Integrated System
Basic animal research is providing important clues to the integration of

the concepts of decreased sexual function and hormonal alterations in the
aging male. At the peripheral level, it is believed that testicular function
deteriorates on the basis of decreased gonadal perfusion, leading to a loss
in the population of Leydig cells. The causes may be more fundamental and
complex than that, however. Chen and Zirkin (9) postulated that a cause
was deterioration of Leydig cell function as a result of accumulation of free
radical damage, which could be prevented by placing the Leydig cells in
a state of steroidogenesis “hibernation.” This is an interesting concept that
unfortunately largely lacks usefulness in humans. Wang et al. (10) has
shown, in a series of investigations in rodents, that hypothalamic-pituitary
functional alterations may not be the only, or even the major, cause of male
gonadal dysfunction. They reported evidence of a significant increase in
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apoptosis in both the hypothalamus and the gonads, a dual alteration that
may explain in a more integral way the relationship between hypogo-
nadism and the appearance of sexual dysfunction.

Interestingly enough, the areas of the forebrain closely linked to the
decrease in gonadotropin-releasing hormone resulting from this apoptotic
process are the same (MPOA and arcuate nucleus) or are intimately related
to the areas controlling the penile erection process (MPOA and PVN) and
the synthesis and release of oxytocin (PVN and supraoptic nucleus), a
neurotransmitter fundamental in human sexuality. Peptides normally char-
acterized by their ability to release growth hormone (GH) were found to be
capable of inducing penile erections when injected into the PVN of experi-
mental animals. GH production, which also declines with age, has not been
known to play a role in human sexuality, although only limited research has
been conducted in this area. Despite the fact that these findings are of
obvious interest, they remain speculative and, for the moment, are not
clinically relevant; however, they are worth additional research.

PHYSIOLOGICAL ASPECTS OF HORMONES
INVOLVED IN SEXUAL FUNCTION

Gonadotropins and Androgens
The hypothalamic–pituitary–gonadal system is a closed-loop feedback

control mechanism directed at maintaining normal reproductive function
(11). The gonadal hormones have inhibitory effects on the secretion of lute-
inizing hormone (LH) and follicle-stimulating hormone (FSH). Although
testosterone, the major secretory product of the testes, is a primary inhibitor
of LH secretion in men, other testicular products, including estrogens
and other androgens, also inhibit LH secretion. The inhibitory effects of
testosterone are produced both by testosterone itself and indirectly through
aromatization to estradiol. Dihydrotestosterone (DHT), a nonaromatizable
androgen, also inhibits LH secretion.

Testosterone
Testosterone exerts a variety of effects on organ systems of the body.

These include formation of the male phenotype during the period of sexual
differentiation; regulation of gonadotropin secretion; initiation and main-
tenance of spermatogenesis; promotion of sexual maturation at puberty;
control of sexual drive; and facilitation of penile erections. Regarding
sexual function, adequate levels of testosterone are necessary for the main-
tenance of normal libido, several aspects of ejaculatory function, and the
normal cycle of spontaneous erections during sleep and wakefulness. There
is a threshold, with marked interindividual variation, below which sexual
function is impaired (12).



284 Morales and Heaton

Table 2
Relative Activity of Androgens

Dihydrotestosterone 300
Testosterone 100
Androstenedione 10
DHEA, DHEAS 5

DHEA, dehydroepiandrosterone; DHEAS,
dehydrepiandrosterone sulfate.

In the same context of sexual function and the understanding of sexual
dysfunction, it has been reported that androgens are important in the
expression of neuronal NOS and in phosphodiesterase-5 (PDE5) gene
expression (13).

More recently, compelling evidence has been elicited by Traish et al. in
a series of well-designed studies in rabbits.

They clearly establish that profound hypogonadism achieved by surgi-
cal or medical means profoundly affects penile hemodynamics in the
absence of relevant changes in the activities of NOS or arginase (14).

The effect of testosterone, however, is not limited to the peripheral
mechanisms. Wu et al. (15), whereas investigating the relevance of NO as
one of the neurotransmitters in the PVN, found that penile erections,
readily induced by infusion of L-arginine into the PVN, are dependent on
the androgen milieu. These views further support the integral concept of
neuroendocrine system involvement in the adequate functioning of many
aspects of human sexuality.

ADRENAL ANDROGENS

The adrenal androgens are DHEA, its sulfate (DHEAS), and andros-
tenedione. Their androgenic action is much weaker than that of testoster-
one, which in turn is weaker than DHT. The relative potency of DHEA in
relation to other sex steroids is illustrated in Table 2.

Although there is no credible evidence that any of the adrenal androgens
play a pivotal role in sexual function, there are a number of reasons to
consider them potentially active compounds. First, they undergo conver-
sions to other sex steroids, such as testosterone, but their contribution to
circulating levels of testosterone in adult men is insufficient to prevent
hypogonadism in cases of gonadal failure. Second, they are capable of
interacting with different classes of hormone receptors (16), although it is
believed that they lack a true hormonal effect on their own. More recently,
a specific receptor for DHEA (a prerequisite for hormonal effects) has been
described. Third, the effect of DHEA on the vascular system may turn out
to be its major influence on erectile function (vide infra).
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The finding of a putative specific DHEA receptor on the plasma mem-
brane of bovine aortic endothelial cells (17) may radically change our
understanding of the role of DHEA/DHEAS in many functions, particu-
larly regarding the vascular system of the penis. Recent studies show that
the receptor is functionally coupled to the G protein family, primarily to
G 12 and G 13 subtypes. Activation of these G proteins promotes the
production of endothelial nitric oxide synthase (eNOS). Although the pro-
posed DHEA receptor resembles the plasma membrane estrogen receptor,
neither estrogens nor antiestrogens alter the binding of DHEA to the recep-
tor or its effects on eNOS production.

This discovery led to the concept of an intracellular receptor, because all
major steroid hormones in which plasma membrane receptors have been
reported also have well-characterized intracellular receptors. A further
recent study by Williams et al. (18) produced evidence supporting the
existence of a DHEA-specific receptor in human vascular smooth muscle
cells. Additional evidence of the vascular role of DHEA was published
recently in two separate studies by Kawano et al. (19) and by Simoncini
(20), that documented an improvement in vascular endothelial function in
middle-aged men with a variety of vascular problems.

Neither study, however, specifically assessed erectile function. Taken
together, all these findings, when and if they are replicated and con-
firmed, have direct and significant implications for the mechanisms of
erectile function of the penis. We may, therefore, find a dual role for
DHEA in sexual activity: an indirect endocrinological role and a direct
vascular one.

DHEA is also a neurosteroid, suggesting the possibility that specific
effects on the nervous system are exerted by nongenomic mechanisms
(21). It has been shown that hypothalamic and cortical astrocytes convert
DHEA into testosterone and estradiol (22). The role of DHEA in the
CNS, however, remains to be elucidated. That DHEA and DHEAS are
fertile fields for research in human sexuality is self-evident.

If sex steroids play such a crucial role in overall sexual function, what
is the clinical relevance, and what should the physician know about their
assessment and therapeutic use?

THE ROLE OF HORMONAL
SCREENING IN MEN WITH ED

The role of hormonal screening in men with ED has been a controversial
topic in the literature. Some have argued that the prevalence of hormonal
abnormalities is so low that it does not justify the expense and effort of
studying them. We, and others, have argued for years to the contrary.
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There are several reasons that rationalize the need for hormonal evalu-
ation in men with ED, as follows:
1. The manifestations of hypogonadism may not be clinically evident and

can easily escape a proper history and physical examination.
2. It is not possible to know what levels of serum testosterone are needed for

optimal sexual functioning on an individual basis.
3. Failure to respond to initial treatment (e.g., sildenafil) may discourage the

patient from following additional investigations or treatment in the pres-
ence of a significant hormonal abnormality.

4. Among the basic investigations for ED, a testosterone level determination
is one of the most readily obtained, least expensive, and most reliable.

5. The etiological diagnosis of ED and the therapeutic plan for a man with
the condition is based not on a single test but is generally the product of
a comprehensive assessment of numerous causes, among which hormonal
factors play an important role.

Perhaps the most compelling reason is the increasingly recognized
importance of an adequate hormonal milieu in the response to medical
treatment with PDE inhibitors. The early evidence cited previously
strongly advocates for, at the very least, a testosterone level determination
as part of the initial evaluation, regardless of the amount of sexual interest
reported by the patient. The increasing importance of the endocrinologi-
cal aspects of sexual function is reflected in the recommendations of the
World Health Organization Consultation on Sexual Function, which took
place in the summer of 2003. The specific recommendation indicated that
assessment of the hormonal environment is indicated initially in all men
with ED. A decision tree, shown in Fig. 1, is taken from the report of this
meeting.

EFFICACY OF VARIOUS ANDROGENS
IN THE TREATMENT OF SEXUAL DYSFUNCTION

Testosterone
In clinical practice, it is common and appropriate to judge the efficacy,

adequacy, and need for testosterone treatment not only according to the
biochemical changes in the serum but also according to the improvements
in general well-being, mood, sexual interest, and sexual performance.
When testosterone is used to treat sexual dysfunction, the effects are evi-
dent in a relatively short period. A different story occurs when testosterone
is the primary agent for treatment of osteoporosis or sarcopenia, for which
a longer period of observation is needed. If after a short trial of exogenous
testosterone (usually around 12 wk) there is no evident improvement in
sexual function, it becomes mandatory to seek out comorbidities that are
not uncommonly associated with hypogonadism.
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The efficacy of testosterone administration in men with sexual dysfunc-
tion needs to be discussed in two different areas: sexual desire and erectile
function.

SEXUAL DESIRE

Hypogonadal men frequently experience hypoactive sexual desire. The
threshold of serum androgen levels for adequate libido exhibits large
interindividual variability and is largely dependent on a number of intra-
psychical and environmental factors. It is evident that associated causes of
the alterations in desire require consideration and may be an indication for
simultaneous treatment. As monotherapy, testosterone administration is
successful in a majority of patients (23) but is far from a universal solution.
Part of the problem resides in the difficulty in assessing outcomes of sexual
interest and the lack of large controlled studies in this area. It is, however,
widely recognized that hypoactive sexual desire and low serum testoster-
one levels are a clear indication for therapy. As mentioned earlier, the
response is frequently satisfactory (24) but heavily influenced by situ-
ational and environmental aspects, which should not be ignored.

ED

When testosterone is used as monotherapy, only a minority of patients
with ED respond to treatment (23). This is explained by the myriad of
comorbidities that are detrimental to the erectile process in the age group
(>50 yr) presenting with the combination of ED and hypotestosteronemia.
As mentioned previously, an adequate amount of testosterone is essential
for the cascading of mechanisms driving the penile erectile response: the
production of NOS, the release of NO, and the augmentation of the syn-
thesis of cyclic guanine monophosphate, leading to arteriolar dilatation
and relaxation of the corporeal smooth muscle. When a critical low andro-
gen milieu is reached, this complex process is blunted or fails altogether.
The critical androgen level for the adequate maintenance of the process
remains to be determined, but, undoubtedly, it exhibits large interindi-
vidual (and possible some intraindividual) inconsistency. For this reason,
in the presence of a combination of erectile insufficiency and hypotesto-
steronemia, a trial of supplemental androgen is justified. A relatively low
response is expected from this approach. If no success is evident, other
causes need to be explored. If additional causes are documented or the
decision is made to treat empirically (e.g., administering sildenafil), the
maintenance of androgen administration is generally necessary.

SYNERGISM OF TESTOSTERONE WITH PDE5 INHIBITORS

Relevant evidence is emerging from various quarters supporting iso-
lated observations from most clinicians treating men with ED: that a
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Fig. 2. Testosterone preparations available in North America.

multiprong pharmacological approach is more effective, in some cases
(i.e., the most severe ones), than single-agent management. Specifically,
in cases of ED and hypogonadism, the available evidence is encouraging
and, obviously, deserving further assessment. Aversa et al. (25) showed in
a small controlled, randomized study that hypogonadal patients in whom
sildenafil failed could be rescued by the administration of testosterone
(Fig. 2).

The proposed mechanism of action in the study was vascular, owing to
increased arterial dilatation, as documented by Doppler ultrasonography.
These findings have been supported by the preliminary report of Shabsigh
et al. (26). Further corroborative evidence is available from a study by
Kalichenko et al. (27), who treated a group of patients with type II diabetes
with sildenafil. Those responding to treatment were eugonadal. In the
group of hypogonadal patients in whom a trial of sildenafil alone failed
initially, 70% responded to the combination of sildenafil and oral testoster-
one undecanoate, as judged by improvement in several domains of the
International Index of Erectile Function (IIEF). A small observational
study (28) added further support to these investigations. It is evident that
further exploration of a number of well-established class agents, such as
the PDE5 inhibitors sildenafil, vardenafil, and taladafil, as well as dopam-
inergic agonists in combination with androgens needs to be pursued vig-
orously. Various groups are working in this area; more discriminating
results are anticipated for the near future.

DHEA

A great deal of enthusiasm was generated following a randomized,
placebo-controlled crossover trial of a small group of men and women
with low levels of DHEA to whom either 50 mg of DHEA or a placebo was



290 Morales and Heaton

administered nightly for a period of 3 mo (29). In the subjects receiving
DHEA, the serum levels of this hormone, as well as testosterone, reached
levels in the young adult range. Clinically, there was an increase in the
sense of well-being reported by most (>60%) subjects after 12 wk of
DHEA administration, whereas less than 10% reported any change after
placebo. No changes were evident in the domain of sexual interest, how-
ever. Another placebo-controlled study of 39 men receiving 100 mg of
DHEA daily for 3 mo resulted in no effect on well-being and sexual
function (30). Artl et al. (31), in a controlled trial, did not find significant
differences in well-being or sexual function between those receiving
50 mg of DHEA for 4 mo and those on placebo. It should be noted,
however, that none of these patients had sexual dysfunction, a somewhat
unusual situation considering that they were all older than 50 yr of age.
The largest controlled study available is the one conducted by Beaulieu et
al. (32) (140 men and 140 women), in which they did not detect a differ-
ence in sexual function between men receiving DHEA and those receiv-
ing placebo. This contrasted somewhat with the effect of the hormone in
the female counterparts.

In focusing specifically on ED (as opposed to sexual dysfunction in
general), the effect of DHEA remains obscure. DHEAS was the only one
of 17 hormones that strongly and inversely correlated with the prevalence
of ED in the Massachusetts Male Aging Study (MMAS) (5). These find-
ings were partly confirmed in a study by Reiter et al. (33), who found
DHEAS levels to be significantly lower in otherwise healthy men with
ED with respect to age-matched normal controls, but only in those
younger than the age of 50. The same authors evaluated the effects of
DHEA replacement (50 mg daily) in 40 men with ED in a double-blind
placebo-controlled study (34). DHEA treatment was associated with
higher mean scores for all five domains of the IIEF, but it is unclear
whether the difference reached statistical significance. Regardless, it is
obvious that these results need to be confirmed. Currently, there is no
convincing evidence of the involvement of DHEA in ED, although the
recent data (cited earlier) supporting the probability of DHEA-specific
receptors on vascular endothelial and smooth muscle cells allow specu-
lation of a possible involvement of DHEA in the vascular mechanisms of
erection alone or in combination with endocrine (hormonal) effects.

It is important to emphasize here that exogenous DHEA is readily and
extensively metabolized into other sex steroids. This process seriously inter-
feres with the accuracy of determining the efficacy of DHEA per se as
opposed to the effect of its converted metabolites. Clinically, this is not a
major concern, but it contributes to the confusion that exists regarding the
true value of DHEA in sexual function. In addition, its biological effects may
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be exerted locally in tissues by DHEA or its metabolites, under the mecha-
nisms appropriately designated as intracrinology by Labrie et al. (35).

DHT

The available studies in hypogonadal men show that DHT maintains sex
characteristics, increases muscle mass, and improves sexual function with-
out significant increases in prostate size (36). In fact, in elderly men, DHT
administration resulted in a 15% decrease in prostate size (37). This effect
was ascribed to the lack of aromatization of DHT to estradiol, therewith
reducing the hypothesized synergism between androgens and estrogens on
the prostate. In a more recent study, in which percutaneous DHT was
administered to aging men for 3 mo (38), no effect on circulating estradiol
levels was noted. Prostate disease markers, such as serum prostate-specific
antigen (PSA), the prostate symptom score, and prostate volume, assessed
with sonography, showed no changes after DHT replacement. In another
recent trial (39), DHT was also administered by the transdermal route for
6 mo to a group of aging men. In this study, a reduction of plasma estradiol
level was noted, but again effects on the prostate were not observed. Nei-
ther were detrimental effects on lipid profiles noted. Erectile function was
improved in the active compound group, as detected by the IIEF. On the
basis of these findings, DHT cannot be dismissed as a potentially useful
androgen for the aging male; however, a number of the same issues raised
previously in regard to testosterone have to be addressed in future studies.
For instance, DHT could be used as a single agent instead of testosterone
on hypogonadal men with ED or in combination with other drugs, as dis-
cussed earlier.

DHT gel is available in a dosage of 125 to 250 mg/d, which yields
plasma DHT levels comparable with physiological testosterone levels.
More recently, it has been shown that in healthy elderly males, a lower dose
of 32 to 64 mg/d yields comparable levels.

Prolactin

Although not a steroid hormone, prolactin needs to be mentioned among
the hormones to be considered in the assessment of men with sexual dys-
function. There are two reasons for this: Prolactin itself is a relatively
frequent cause of hypoactive sexual desire, and its overproduction is com-
monly associated with hypogonadism, which may or may not resolve after
adequate treatment of the hyperprolactinemic state. If low levels of test-
osterone and clinical manifestations of hypogonadism persist after suc-
cessful treatment of prolactinoma, testosterone supplementation is
indicated.
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TREATMENT OF ENDOCRINE ABNORMALITIES
EXCLUDING DIABETES MELLITUS

The algorithm shown in Fig. 1 provides a guide to when testosterone
replacement is indicated. Under ideal circumstances, testosterone replace-
ment therapy would employ the same molecule as the natural hormone,
with a dose schedule that mimics physiological hormone levels over a
24-h period. Currently, it is not known whether the molecule or the circa-
dian rhythmicity produced by some of the commercially available exogen-
ous testosterone preparations carries clinical significance.

The production of testosterone by the testicles is pulsatile and follows
a circadian rhythm. (It may also exhibit a seasonal rhythm.) Although the
availability of new forms of testosterone delivery represent an important
improvement in the pharmacokinetics and pharmacodynamics of thera-
peutic androgen substitution, none of these can replicate the patterns of
androgen production by the testis. This situation may have a bearing on
some of the adverse effects of testosterone supplementation. Such side
effects may be a result of the appearance of unphysiologically high or low
levels of testosterone, overreduction into 5 -DHT, or the aromatization of
testosterone into estrogen. Of course, a combination of these factors or
their relative ratios may also play a role.

The route of administration also matters; transdermal administration of
testosterone is associated with high DHT levels. This is also the case with
the oral testosterone undecanoate. This oral androgen circumvents a first
pass through the liver through its absorption from the gut, along with fats,
via the thoracic duct. Probably a fair amount of testosterone still arrives via
the portal vein in the liver and causes a significant decline in the production
of sex hormone-binding globulin (40). Although it is documented much
more clearly for estrogens, it seems likely that androgens also exert differ-
ent metabolic effects depending on their route of administration.

COMMERCIAL PREPARATIONS

With the notable exception of the 17- -alkylated preparation, currently
available preparations generally are (with some peculiar variations) safe
and effective. The choice depends primarily on perceived safety, efficacy,
cost, convenience, and patient’s and physician’s choice (see Fig. 2). Each
preparation offers advantages and drawbacks.

Injectables have the longest history of use and are the least expensive.
They are, however, inconvenient, frequently produce a “roller-coaster”
effect, and are more prone to induce polycythemia.

The oral testosterone undecanoate is safe and effective, although it may
require doses greater than manufacturers’ recommendations. It needs to be
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taken with food (to avoid first passage through the liver) and is not avail-
able in the United States. Other oral preparations (the alkylated ones)
exhibit a potential for liver toxicity and have been banned from many
countries, although they are still available in the United States.

Testosterone patches are also safe and effective. They must be applied
in the evening but have a tendency to produce skin irritation in a significant
number of patients. In addition, they are visible, a drawback that some men
find unacceptable.

There are several testosterone gels available. They circumvent the prob-
lem of skin irritation, but precautions need to be taken to avoid passage to
a second party through skin contact.

Buccal preparations are the newest in the North American market. Sat-
isfactory levels of serum testosterone are achieved. Our experience with
this delivery form is still very limited.

It needs to be emphasized that exogenous administration of androgens
directly affects the feedback mechanisms of the hypothalamus–pituitary–
gonadal axis. Chronic testosterone supplementation will eventually trans-
late in a shutting off of endogenous androgen by the gonads. Therefore,
even in cases of partial androgen production—as seen with the aging pro-
cess—full therapeutic substitution is usually required.

RECOMMENDATIONS

The Second Consultation on Sexual Dysfunction produced a series of
recommendations for the use of androgen replacement in men with ED.
It appears eminently practical to include them in this chapter.

Definition
Adult-onset hypogonadism is a clinical and biochemical syndrome fre-

quently associated with advancing age and characterized by a deficiency
in serum androgen levels, with or without changes in receptor sensitivity
to androgens. It may affect the function of multiple organ systems and
result in significant detriment in the quality of life, including major alter-
ations in sexual function.

Clinical Diagnosis
The clinical manifestations of adult hypogonadism are not specific.

Sexual dysfunction (decrease in sexual interest and quality of erections) is
prominent and often the presenting symptom. Depression, irritability, and
diminished cognition and sleep, as well as diminished strength and endur-
ance, may also be present. The physical examination is frequently unhelp-
ful. Alterations in testicular size and consistency, hair distribution, muscle
mass and body shape, and sequelae of osteoporosis can be detected. Not all
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the manifestations need to be evident simultaneously, and their intensity
shows marked interindividual variability.

Biochemical Diagnosis
In patients with sexual dysfunction, the following biochemical investi-

gations are recommended: First, a blood sample for testosterone level
determination between 8:00 and 11:00 am. The most accessible and reli-
able assays to establish the presence of hypogonadism are the measurement
of bioavailable testosterone or the calculated free testosterone . Assays for
total testosterone, particularly in the elderly, may not reflect the true andro-
genic status. If testosterone levels are below or at the lower limit of the
accepted normal values, it is prudent to confirm the results with a second
determination, together with assessment of LH, FSH, and prolactin.

Prolactin
Hyperprolactinemia is an uncommon cause of ED.However, determi-

nation of serum prolactin level is recommended in cases associated with
diminished sexual interest and when biochemical hypogonadism has been
documented.

Other Hormonal Alterations Beside Sex Hormones
It is recognized that significant alterations in other endocrine systems

occur in association with aging, but the significance of these changes is not
well understood, particularly in relation to sexual function. In general
terms, determinations of estradiol, DHEA, DHEAS, melatonin, GH, and
insulin-like growth factor I are not indicated in the uncomplicated evalu-
ation of hypogonadism. Under special circumstances or for well-defined
clinical research, however, assessment of these and other hormones may
be warranted.

Diabetes
Diabetes mellitus is a frequent endocrinological cause of ED. It should

be ruled out in men complaining of sexual inadequacy. Appropriate gly-
cemic control is fundamental before consideration of any other hormonal
treatment in men with ED.

Lipids
A lipid profile should be considered a relevant option in the initial

assessment of men with ED.

Indications for Therapy
A clear indication (a clinical picture together with biochemical evidence

of hypogonadism) should exist before initiation of androgen therapy.
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Age
In the absence of defined contraindications, age is not a limiting factor

to the initiation ofART in aged men with hypoandrogenism.

Sexual Function
Hypogonadal men with specific sexual dysfunctions (e.g., ED or dimin-

ished interest, or both) are candidates for androgen therapy. Absence of an
adequate response after appropriate testosterone treatment calls for further
investigation to rule out associated comorbidities.

Combined Treatment for ED
Evidence is emerging suggesting a therapeutic synergism with the com-

bined use of testosterone and PDE5 inhibitors in hypogonadal or border-
line eugonadal men. These observations are very preliminary and require
additional study. The combination treatment can be considered in patients
in whom adequate treatment with PDE inhibitors alone fails. No credible
evidence for or against the use of other drugs in combination with andro-
gens exists.

Testosterone Commercial Formulations
Currently commercially available preparations of testosterone (with the

exception of the alkylated ones) are safe and effective. The treating physician
should have sufficient knowledge and adequate understanding of the advan-
tages and drawbacks of each preparation. The patient should be given the
opportunity to actively participate in the choice of androgen formulation.

SERUM LEVELS

The purpose of ART is to bring serum testosterone levels within the
physiological range and maintain them there. Supraphysiological levels
are to be avoided. Although it may appear to be desirable, no evidence
exists for or against the need to maintain a circadian rhythm in serum
testosterone levels.

Other Androgens
The use of DHEA and DHT has not been proven to be effective, spe-

cifically in male sexual dysfunction. Current evidence on DHT efficacy
is also insufficient. There is a need for additional studies aimed expressly
at investigating the effects of these hormones on sexual function.

Androgen Abuse
Androgens should be used only when specific indications exist. Their

(ab)use for performance enhancement, in the absence of hypogonadism, is
to be condemned in the strongest terms.
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Monitoring the Liver

Currently available testosterone preparations are largely free of hepatic
toxicity. (Methylated forms are an exception.) Liver function studies are
advisable before the onset of therapy. Periodic assessment during treat-
ment may be considered. Despite the lack of evidence, commercial manu-
facturers (for regulatory purposes) include warnings about hepatic risks in
their product inserts.

Monitoring Lipids

A fasting lipid profile is recommended before initiation of treatment,
if not done as part of the initial evaluation. Reassessment 3 or 6 mo after
onset of testosterone administration is also recommended.

Monitoring the Prostate

In men older than 40 yr of age, digital rectal examination and determi-
nation of serum PSA level are mandatory as baseline measurements of
prostate health before therapy with androgens, every 3 to 6 mo for the first
12 mo, and yearly thereafter. Transrectal ultrasound-guided biopsies of the
prostate are indicated only if the digital rectal examination or the PSA
levels are abnormal.

Prostate and Breast Safety I

Androgen administration is absolutely contraindicated in men suspected
of harboring carcinoma of the prostate or breast.

Prostate Safety II

Men successfully treated for prostate cancer and suffering from symp-
tomatic hypogonadism may become candidates for androgen therapy after
a prudent interval if there is no evidence of residual cancer. The risk and
benefits must be clearly understood by the patient, and the follow-up must
be particularly careful. No reliable evidence exists in favor of or against
this recommendation. The clinician must exercise good clinical judgment,
together with demonstrating adequate knowledge of the advantages and
drawbacks of androgen therapy, in this situation.

Prostate Safety III

Androgen supplementation is contraindicated in men with severe blad-
der outlet obstruction owing to an enlarged, clinically benign prostate.
Moderate obstruction represents a partial contraindication to ART. After
successful treatment of the obstruction, the contraindication can be lifted.
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Monitoring Mood

ART normally results in improvements in mood and well-being. The
development of negative behavioral patterns (aggressiveness, hypersexu-
ality) during treatment calls for dose modifications or discontinuation of
therapy.

Monitoring Hematology

Polycythemia may develop during ART. Periodic hematological assess-
ment is indicated. Dose adjustments, change of preparation, periodic phle-
botomy, or discontinuation of treatment may be necessary.

Monitoring Sleep Apnea

Exacerbation of sleep apnea may occur during testosterone supplemen-
tation therapy. Proper assessment and treatment of the sleep apnea are
indicated during testosterone supplementation. Careful consideration
should be given to the need for testosterone treatment if the sleep distur-
bances deteriorate.

Physician’s Responsibilities

ART normally continues for life. This demands a lifetime commitment
for follow-up. The treating physician must be familiar with the diagnostic,
therapeutic, and monitoring aspects of androgen therapy. Good clinical
judgment is equally important. Inadequate therapeutic response or the
appearance of significant adverse effects call for reassessment of treatment
indications.
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INTRODUCTION

Success in developing an understanding of the vascular and neural
biology of the penis and its pathology has shaped modern sexual medicine.
The most recent and pervasive contribution to this progression has been
the rise of the phosphodiesterase (PDE) inhibitors as a highly successful
therapeutic strategy. The extrapenile tissues of the neurovascular-genital
axis (NVGA), also known as the cerebroneurogenital axis, have received
notably less attention, and correspondingly there has been less success in
designing a drug to target them. Extrapenile problems encompass a large
group of sexually relevant disorders, including the entire spectrum of
female sexual difficulties, desire disorders, ejaculatory disorders, and
interpersonal and relationship issues. Understanding the central control of
erection and sexual activity is also an extrapenile consideration.

The importance of the central nervous system (CNS) within the NVGA
is unquestioned, but its complexity has been a hindrance to harnessing it
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successfully for therapeutic ends. Furthermore, the power to change the
penis by remote actuation (e.g., using neural connections) is limited in
comparison with the power of direct vascular intervention. In fact, it is
probable that the efficacy of interventions to improve erections diminishes
with each generation of development: Prostheses are more effective than
intracavernous injection, which is more effective than oral PDE inhibitors,
which in turn are more effective than CNS agents. It may also be true that
the impact ranking would be reversed if the focus of development of new
treatments were broadened to include the whole spectrum of conditions
needing management in sexual medicine; that is, the CNS must be the
target for many other aspects that may strongly influence the quality of
sexual health, such as desire, orgasm, and reward, whereas penocentric
treatment would have little benefit on those endpoints.

As a consequence of the inability of the human brain to understand its
details and complexities, much of what we know about the central control
of erection comes from animal experiments. Technical experimental tools,
such as microdialysis, stereotactic brain lesioning, iontophoretic drug infu-
sion, and focal electrical stimulation, as well as tracing of neural tracks,
have provided a wealth of information. In addition, experimentally there
has been freedom to use new chemical entities in fully instrumented animals
or in complex mating paradigms, which provides a glimpse of the impor-
tance of functional pathways, thereby providing therapeutic possibilities
for CNS manipulation. Despite best efforts, however, the complexity of
man’s sexuality compared with the experimental paradigms has made clini-
cal trial observation and patient-based reporting the only true yardsticks of
effect. Even the dynamic imaging techniques of positron emission tomog-
raphy (PET) and functional magnetic resonance imaging have only served
to illustrate generalities. Animal-derived understanding has been put to the
test as the predominantly D2 receptor agonist apomorphine and melanocortin
receptor agonists have been tried. The data in men and women show that
there is real but underdeveloped potential for pharmacological intervention
involving the CNS with respect to managing sexual health.

CONCEPTUAL ORGANIZATION
OF CENTRAL CONTROL OF ERECTION

Male sexual activity is normally focused on the genitals, but it must be
recognized that it is also rich in imagery (i.e., characterized by desire,
cognitive and sensory arousal, erection, climax [seminal emission and
ejaculation and orgasm], and detumescence). These aspects of the overall
sexual response are under the control of a complex interplay of the central
and peripheral neural systems. In the male, the end-point experience of a
satisfactory erectile response must involve these systems appropriately as
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local and central participants in a cycle of input/processing/output func-
tions within the NVGA. The development of a normal erection is depen-
dent on various sensory inputs, brain processing, and neurally controlled,
mainly vascular outputs. In general, the initial erection is mainly derived
from visual and sensual stimuli. The enjoyment of the accompanying sexual
activity draws on a broader range of inputs, but the final experience and the
reward in humans are wholly achieved through the CNS (Fig. 1).

ROLE OF THE CNS

As discussed, the understanding of CNS control of sexual function is
less complete than the understanding of the processes regulating local
penile vascular, physiological, biochemical, and genomic responses.
There are established parallels between peripheral vascular problems and
erectile dysfunction (ED) and their common origin in endothelial disease.
The importance of this association has become increasingly evident, such
that it is now being used to guide overall management of patients present-
ing with either vascular condition. What is somewhat surprising is that it
has taken more than 10 yr for these parallels to reach the mainstream of
thinking. Similarly, although it has long been known that diseases of the
neural system (e.g., depression and Parkinson’s disease) negatively affect
erectile function, little consideration is presently given to the deteriora-

Fig. 1. A schematic representation of the neurovascular–genital axis, conceptualizing
the interaction of central and peripheral neural elements vital to a sexual erection and
the overall sexual response.
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tion of erectile function associated with subclinical or unrecognized CNS
disease.

An important step in determining the basis of the disorder is recognizing
that when vascular problems cannot fully explain the lack of response to
conventional therapy, it is probable that the additional disease burden is
based in CNS or neural dysfunction. The understanding of extrapenile
NVGA contributions to erection and other essential elements of human
sexuality are many years behind the understanding of erections. As the
scientific, diagnostic, and therapeutic tools become available, the under-
standing of the essential elements of CNS involvement in sexual function
will improve.

Overall Organization

There are many primary sources of information from which to piece
together the central contributions of the NVGA. Most of the knowledge is
derived from animal modeling, which increases the details of the analysis
and the interpretation, but lacks direct applicability to the human situation.
The complexity of the human sexual response places some severe limita-
tions on the relevance of animal studies. A few excellent detailed reviews
of the neural substrates of female (1) and male (2) sexual function are
available.

Various models can be constructed to explain the relationship between
the CNS and sex, although the more discrete the required resolution, the
greater the required complexity and uncertainty. The neural control of
sexual function, including penile erection and female genital arousal, may
on a practical basis be divided into three main areas: local neural path-
ways, midbrain and spinal cord pathways, and higher brain centers. Local
neural pathways incorporate genital and pelvic nerves and plexi. These
function as cables—hard-wiring that connects the genital structures with
central organization and control. Within these pathways, there is rela-
tively limited self-regulation of the signal (for instance, by feedback
loops). At many points, there is ample opportunity to modulate the signal-
ing in local neural pathways through pharmacological, hormonal, or trau-
matic or surgical means. In the midbrain and spinal cord, there are many
complex pathways with extensive interconnections and many possibili-
ties for signal modulation or conditioning. Although reflexive erections
can take place with the involvement of only processes within and below
the spinal cord, coordination of genital, hemodynamic, erectile, and ejacu-
latory responses depends on the midbrain and spinal cord. Higher brain
centers are critical in generating signals essential to the human sexual
response that indicate or provoke reward, awareness, visualization, sen-
sory responses, and motor function, as well as imagination and memory.
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Higher Brain Centers
The four major categories of sexual stimulation are tactile sensation,

visual input, imagination, and olfactory input (3). Imagination, particularly
in healthy middle-aged and older married individuals, has been shown to be
an important determinant of sexual activity, although the partner’s desire
must always be considered a factor (4). In men with ED of no evident
organic cause, enhancing imaginative stimuli has been shown to be more
efficacious than placebo medication in improving erectile response (5).
Studies in rats involving lesioning of particular brain regions or injection of
drugs directly into the brain have shown that the amygdala has an important
role in determining the putative imaginative components of recognition of
sexual partner, acquisition, and the corresponding sexual arousal (6). Simple
peptide neurotransmitters, such as vasopressin and oxytocin, have been
thought to be involved in these mechanisms.

Brief Overview of Neuroanatomy
The neurons of the supraspinal control systems involved in generating

erectile responses in men, and most probably arousal in women, are mainly
located in the limbic system (olfactory nuclei, medial preoptic area
[MPOA], nucleus accumbens, amygdala, hippocampus) and in the hypo-
thalamus (paraventricular and ventromedial nuclei).

Neural information travels via the brainstem, spinal cord, and auto-
nomic nervous system to the genitalia (see Fig. 2). The prosexual function
neurotransmitters involved include dopamine (DA), oxytocin, nitric oxide
(NO), adrenocorticotropic hormone–melanocyte-stimulating hormone
peptides, and glutamic acid, whereas serotonin, -aminobutyric acid
(GABA), and the opioid peptides are recognized to be inhibitory.

Functional magnetic resonance imaging and derivative techniques, as
well as PET, have been used used to identify areas of the brain relevant to
sexual function. Although the images are useful in documenting overall
changes in activity, the interpretation of the images is limited because of
inadequate spatial resolution and differences in the imaging protocols
themselves. Despite the progress in medical imaging, most of the under-
standing of what links the active or inactive regions to each other and to the
periphery is still based on traditional neuroanatomical dissection.

A number of issues need to be controlled to achieve greater consensus
regarding the approach to imaging studies to be taken by various investi-
gators. In addition, in these studies, there should be an appropriate catego-
rization of the sexual function status of the men and women studied, as well
as some standardization of the sexual stimuli (usually neutral and erotic
film clips), for comparing active drug to placebo. The sophistication of the
studies would benefit further if there were controls of nonspecific behav-
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ioral excitation and movement and brain activities that are not sexual in
content.

Based on current approaches, imaging-based measurements are still
indirect and for the most part correspond to increased local brain perfusion.
In general, findings detail changes by anatomical brain region, although
the exact degree of change and the precise neurons or nuclei involved are
not commonly provided. The findings in nine recent reports are summa-
rized in Table 1.

Of interest is that the overall pattern of activation corresponds to the
current concepts linking cortical areas, cingulate gyrus, and basal nuclei
and the predominant patterns of cholinergic, serotonergic, and dopamin-
ergic neurons. More advanced techniques will illuminate the active path-
ways, probably in the next 5 yr.

The sensory, sexual receptivity, and reward aspects of the CNS response
to sexual activity are of particular interest and importance. It is only via
signals in these areas that we appreciate or are conscious of the gratifica-
tion associated with sexual activity. Greater understanding of this aspect
of the role of the brain in sexual health will open major new therapeutic
possibilities. For example, the pleasant aspects of sexual imagery are pri-
marily associated with activation in the dominant (or left moreso than
right) brain hemisphere (16).

Fig. 2. A diagram of the multiple levels of central signal processing involved in the
generation of erectile signals for the periphery. The interconnectivity suggested is not
intended to be literal or exclusive in that multiple further connections exist and may
be important.
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The ongoing development and improvement of new technologies that
enable the mapping of human sexual response in the brain will assist in the
visualization of abnormal responses, the classification of the CNS states
that contribute to sexual dysfunction, and the documentation of the impact
of therapies.

MIDBRAIN AND SPINAL CORD

The first level of reflex organization for signals supporting sexual func-
tion is in the lumbar spinal cord. Nerve tracing studies using neurotropic
viruses show that pelvic and sexual reflexes depend on the central gray
region for coordination and generation of sexual responses, including erec-
tion, arousal, and orgasm (17).

Spinal reflexes may be activated by sensory changes at the level of the
penile or clitoral skin, with the bulbocavernosus reflex being an obvious
exam-ple. Stimulation of the glans penis evokes a contraction in the
bulbocavernosus muscles; the equivalent stimulus in the female mani-
fests as contraction of elements of the pelvic floor (18). Stimulation of the
clitoris and vagina inhibits bladder activity, a response appropriate to
sexual activity (19).

These spinal reflexes can be vitally regulated by descending signals
from the midbrain and higher centers and by hormonal milieu. Spinal
reflexes rest in an inhibited state. The efferent side is tonically directed
to nonsexual function (penile flaccidity, lack of engorgement, baseline
lubrication). Local sensory input and descending spinal signals can
change the balance and activate a prosexual cascade of parasympathetic
activity, reduced sympathetic activity, and somatic muscular support.
The stimulus-selective use of particular spinal pathways that target the
peripheral nervous system in a stimulus response-specific manner has
not been fully worked out. There is a suggestion that GABA plays a
critical role as an inhibitory neurotransmitter (20). For instance, experi-
mentally it can be shown that reflexive erections can be modulated by
learning and opportunity (here correctly labeled psychogenic) and that
this modulation does not depend on the hypogastric nerves, showing that
this is a CNS-driven change (21).

A critical recent addition to the understanding of the importance of
spinal events in sexual function comes from a study showing that a popu-
lation of lumbar spinothalamic cells is essential in the generation of ejacu-
latory behavior (22). These cells, found to express neurokinin-1, relay
ejaculation-related signals from reproductive organs to the brain. Impor-
tantly, if this population of cells is destroyed, the only aspect of sexual
behavior that is altered is ejaculation. Further work is needed to establish
the human implications of this concept and how the central and peripheral
efferent and sensory signals integrate with the experience of ejaculation.
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Sensory information is conveyed cephalad through spinothalamic (fast
fibers serving the penis and clitoris), spinoreticular (slower fibers), and
vagal (extraspinal fibers) pathways. Electrophysiological studies have
revealed that the thalamus has significant input from the male genitalia
relevant to various aspects of penile sensation associated with sexual
response (23).

The nucleus paragigantocellularis (nPG) receives ascending sensory
input (24) and also has neurons that innervate the penis (25). The nPG
appears to have a role in orgasm but is not vital to erection. The most
common neurotransmitter that has been identified in the nPG is serotonin.
The nPG, as with other central sites of sexual function, is not exclusively
employed in regulating sexual response. In fact, the major output from the
midbrain that affects sexual response is autonomic. Furthermore, it is
completely appropriate that points of control that autonomically regulate
circulatory and respiratory homeostasis, as well as other pelvic functions,
are found in the same regions. One such common region is the periaque-
ductal gray; this area has a large number of connections with hypothalamic
sites involved in sexual response (26).

The paraventricular nucleus (PVN) has a major role in controlling
genital responses. PVN neurons send direct projections via the nPG onto
neurons that innervate the penis (27). The PVN has direct projections to
pelvic and autonomic efferents and is reciprocally connected to the
MPOA. Experiments indicate that penile erections, associated with the
largely dopaminergic and oxytocinergic receptor population of the PVN,
are eliminated by lesioning (28). PVN activation has also been shown to
be critical in models of female response (29).

In addition to its role in blood pressure and respiratory control, the
MPOA has been shown in many studies to have a vital role in controlling
sexual behavior. Not surprisingly, it is well connected through reciprocal
links with the nPG and periaqueductal gray. Much of this pathway has been
shown to be under sex hormone modulation (30)—a characteristic that
should eventually be proven to be more widespread than is currently the
case. It makes sense that the pathways actively involved in reproduction
and possibly gender-specific function should depend on sex hormones
(31). Of interest is that neurons lying within the MPOA have been shown
to regulate timing aspects of female rat copulatory behavior (32), as well
as potentially playing a role in copulatory ability (33).

LOCAL NEURAL PATHWAYS

Clitoral and vaginal responses and erections occur via activation of
efferent fibers that originate in the sacral parasympathetic center and pass
through the pelvic nerve bundles (preganglionic neurons from the interme-
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diolateral cell column through S2, S3, and S4). These neurons, together
with fibers from the inferior hypogastric (sympathetic) nerves, form the
pelvic plexus. This major pelvic ganglion, also called the paracervical
ganglion or the uterine cervical ganglion, innervates the pelvic organs,
including the clitoris, penis, vagina, urethra, and bladder. The cavernous
nerves are postganglionic, mixed parasympathetic, and sympathetic types
and they supply the erectile tissue. A simple demonstration of the efferent
circuit in females is the increase in vaginal blood flow that follows pelvic
plexus nerve stimulation (34).

There is a more generalized nerve distribution to the pelvic viscera
from the pelvic plexus that may account for the regulation of pelvic
prepenile, prevaginal, and preclitoral resistance vessels, and possibly the
crosstalk between genitals and bladder, and between prostate function
and dysfunction. This wider distribution is also important because there
are multiple pathways by which vasodilator fibers reach the penis in the
rat; this suggests that if a similar situation exists in humans, the telephone-
cable model of penile vasodilator innervation involving two cavernous
nerves may be an oversimplification (35). The pudendal nerve innervates
the striated muscles of the pelvis, as well as sphincters, in a very similar
pattern in males and females. The lumbar spinal cord provides the origin
for these nerves, and the number of motoneurons is roughly proportional
to the muscle bulk.

In the male, the afferent neural pathway consists of sensory receptors
in penile skin connecting through the dorsal nerve of the penis to the
pudendal nerve and then the sacral cord. The female afferent equivalent
involves sensations detected in clitoral skin, perineum, and urethra, which
are then connected via fibers tracking through the pudendal nerve. In
addition, there are pelvic and hypogastric nerve sensory fibers from the
internal pelvic organs (in the female, vagina and uterus; in the male, pros-
tate). Within the spinal cord, the pudendal afferents are medial, whereas
the other afferents terminate in the dorsal horn and dorsal gray commis-
sure. Evidence from spinal cord-injured women in particular suggests that
vagus nerves can convey genital sensory input directly to the brain in
women (36). This concept is supported by animal studies and suggests the
presence of at least four distinct pathways for the communication of geni-
tal signals in women: clitoral, perineal, and inner thigh via the pudendal
nerves; cervix and proximal three-fifths of the uterus via the hypogastric
nerves; vagina, cervix, and perineal skin via the pelvic nerves; and cervix
and deep pelvic sensations via vagal fibers.

Intuitively, both hormones and age should be expected to significantly
affect the peripheral innervation of genital structures, as well as other
components of the NVGA. Sex hormones have potent effects on the struc-
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ture of many pelvic ganglion cells. There may be complex interactions
between steroids, notably testosterone and nerve growth factors, in main-
taining neuronal structure and function in vivo (37). Age has been experi-
mentally shown to induce degenerative changes in the pelvic nerves. The
sympathetic and parasympathetic preganglionic neuronal populations
change in aged rats differentially (38). These changes should be expected
to play a role in dysfunction of both genital and urinary structures (i.e., ED
and lower urinary tract symptoms).

Because of the way in which the CNS circuitry detail is arranged in any
given species, it is not surprising that the inhibitory side of the equation
at almost any level dominates (39). Conceptually, it seems almost univer-
sally accurate to portray control of sexual function within the NVGA as
a balance between erectogenic and erectolytic influences. This balance is
common in simpler autonomic systems and permits subtle changes in set
point, equilibration at high or low levels of activation, and time-depen-
dent variations in balance. Interestingly, this negative balance is not just
seen in the brain because there is a preponderance of inhibitory influence
in the spinal cord as well. It appears that humans have the greatest consti-
tutive presence of central inhibitory control—an overriding factor that we
have failed to address up to this point in the development of therapies for
sexual dysfunction. Therefore, it is not surprising that in men, enhancing
the central proerectile signal by enhancing imagination or by pharmaco-
logical means will reasonably be expected to enhance the erection. A
stronger neural signal at the level of the peripheral vasculature causes
better erection, as seen in postprostatectomy patients (in whom two nervi
erigentes are better than one or none) (40), reversible nerve-lesioning
experiments, and with graded stimulation (imagination is less effective
than visual stimulation studies, which is in turn less effective than vibra-
tory stimulation) (41).

Essential Neurotransmitters

In any discussion of neurotransmitters relevant to the NVGA, it is nec-
essary to recall that general measurements, such as the concentration of
a particular molecule in cerebrospinal fluid or brain tissue homogenate,
reveal little about the actual activity of that molecule at synapses in select
brain areas. One of the most critical elements of the NVGA in erection is
a group of oxytocinergic neurons in the PVN of the hypothalamus that
project to functionally important and related brain areas (spinal cord, hip-
pocampus, and medulla oblongata) (42). Activation of these neural path-
ways by DA and DA agonists, oxytocin, excitatory amino acids (N-methyl-
D-aspartic acid), or electrical stimulation, results in penile erection. The
activation of oxytocinergic neurons in the PVN at least in part, appears
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to be dependent on the production of NO via NO synthase. Oxytocin,
which is also associated with reproductive pathways, has been shown to be
capable of inducing erection when introduced into the hippocampus,
whereas intracavernous oxytocin is not effective (43). The potential for
oxytocinergic compounds that cross the blood–brain barrier and can be
delivered readily has yet to be fully explored.

Many studies have detailed the role of DA in the MPOA in promoting
erections. Increased levels of DA in the MPOA have been shown to
increase reflexive and noncontact erections in rodents (44). The MPOA
and the PVN have been considered to be prime sites—as well as some
spinal centers—for the action of DA agonists, such as apomorphine in
facilitating erections. Apomorphine is a nonselective dopaminergic
receptor agonist (binding affinity [Kd] of D1:101; D2:32; D3:26; D4:2.6;
and D5:10 nM) that can induce erections more effectively after subcuta-
neous or intracerebroventricular injection than after intrathecal adminis-
tration (45). For the most part, human evidence of the effects of activation
of DA receptors in the erectile pathway is derived from clinical trial
responses to sublingual (SL) apomorphine (46). Although apomorphine-
induced D2 receptor activation is normally a recognized target, it is inter-
esting that in one study the erectogenic effect was thought to be
particularly associated with the D4 receptor, whereas others have found
a role for D1 receptor activation (47).

DA is an important neurotransmitter that has a positive impact on the
perception of reward (48), although the implications of this in the context
of sexual pleasure or reward in humans have not been fully investigated.
The data from women are limited, but there are indications that dopamin-
ergic treatment (apomorphine) has a positive impact on general measures
of sexual function in certain women.

Neurons of the MPOA have high densities of 2-adrenergic receptors,
as well as DA receptors. Some studies have suggested that the effects of
DA in the MPOA, at least in part, include the activation of 2 (inhibition)
and 1 (excitation) adrenoceptors (49). 2-Adrenoceptor antagonists, by
blocking this inhibitory influence, may have a stimulatory effect on ejacu-
latory function, although the dose range for this has been shown to be
narrow (50).

The melanocortins have effects in similar anatomical regions, and the
melanocortin-4 receptor (MC4R) appears to be most responsible for the
stimulation of penile erection (and appetite control) (51). PT-141 is a
synthetic peptide analogue of -melanocyte-stimulating hormone (MSH)
and is an agonist at melanocortin receptors, including the MC3R and
MC4R. The positive effect on erections is considered to be via actions in
the hypothalamus, as documented by the selective increase in c-Fos immu-
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noreactivity in this brain region (52,53), although oxytocinergic pathways
are also believed to be involved (54). Administration of PT-141 to rats and
nonhuman primates results in penile erections.

Certain peptide analogues of hexarelin, a growth hormone-releasing
peptide, have also been found to induce penile erection. Similar to DA and
MC4R agonists, these substances are thought to act in the PVN and influ-
ence oxytocinergic neurons (55). This erectogenic action of some elastic
peptides has been compared with that of apomorphine. Certain of these
elastic peptides actually prevent penile erection, an action that has been
associated with preventing the increase in NO production that occurs with
proerectile stimulation (56).

There is growing evidence of the importance of NO in central signaling
related to erectile function. For example, experimental inhibition of NO
activity in the CNS negatively affected erectile response (57). Manipula-
tion of NO or cyclic guanosine monophosphate levels specifically alter
MPOA-triggered intracavernous pressure responses via a CNS mecha-
nism. The expression of inducible NO synthase increases with age in the
PVN and MPOA and in regions known to control the synthesis and release
of gonadotropin-releasing hormone and oxytocin, although whether this is
a compensatory or primary increase is not known. In fact, many, if not all,
of the pathways necessary for normal function of the NVGA are NO-
dependent.

Activation of GABA type A receptors in the PVN can reduce both
pharmacologically (apomorphine) and physiologically induced erections.
Thus, it appears that increased GABAergic activity in the PVN provides
a mechanism to balance (inhibit) proerectile signaling (58). Other candi-
dates for inhibitory control are serotonin (5-HT) and thyrotropin-releas-
ing hormone (TRH). Both 5-HT and TRH (intrathecal) exhibit inhibitory
effects on penile erection through common or parallel sets of neurons (59).
Therapeutic modulation of 5-HT and TRH activity may have potential
benefit for erectile function if suitable compounds and routes of delivery
can be found.

APOMORPHINE

Apomorphine was developed to facilitate erections in humans based on
the understanding of dopaminergic effects in the CNS. Apomorphine
hydrochloride was formulated as a tablet for SL administration to gain the
benefit of rapid but controlled absorption without gastric effect. The phar-
macokinetic characteristics were manipulated to enhance the predomi-
nance of the proerectile effects and blunt other potential dopaminergic
effects (60). The dose and subsequent serum concentrations contemplated
were so small that significant peripheral activity was not a concern.
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The clinical program began in the late 1990s, and the results from the
pivotal and supportive clinical trials have been published. Apomorphine
was approved for clinical use in more than 50 countries, but in its SL form
it is not currently available or in trials in the United States or Canada.

The role of a potential agent that has a CNS proerectile effect has changed
radically since the introduction of PDE inhibitors. Periodic use of apomor-
phine has an effect in terms of improving penile rigidity less than that of
sildenafil in most men and is active in a smaller percentage of men. In a
context where the expectations of success are measured in terms of penile
rigidity with administration somewhat in advance of the time of need, the
subtle differences and the potential advantages of a CNS agent in select
groups of men (and women?) has not been realized. There are no published,
well-designed and conducted clinical trials comparing PDE inhibitors and
SL apomorphine in terms of erectile effect, but, arguably, none are needed
to determine that PDE inhibitors are more effective.

Temporarily lost in the rush to treat the majority are some interesting
minorities, as well as the larger issue of exploring the human benefits of
CNS strategies for the remediation of sexual dysfunction. There have
been no good clinical trials (looking for sexually relevant end points) of
suitable dopaminergics in women, in people with CNS disease (e.g.,
depression), in men with disturbed androgen milieu, or in men and women
with disturbances of desire or orgasm or in instances when the treatment
has been based on chronic or semiacute rather than situational adminis-
tration.

A particular minority that has been studied but not targeted for SL
apomorphine (or the same drug administered by any other route) are men
taking short- and long-acting nitrates, for whom PDE inhibitor-adminis-
tration is contraindicated. Apomorphine, unlike PDE inhibitors, does not
have a mechanism of action that would lead to clinically relevant hemody-
namic problems when given to a patient taking a nitrate (61). In fact, in a
subgroup analysis, these patients were shown to be responsive to SL apo-
morphine and not suffer any increase in the rate of side effects.

The clinical trials of SL apomorphine were designed before the advent
of the International Index of Erectile Function (IIEF) at a time when regu-
latory experts favored the use of objective criteria, such as RigiScan mea-
surements, for inclusion in the studies. The primary outcome variable was
therefore different from the current trend, the IIEF (based on 4-wk recall)
and custom scales and questions relating to general improvement in erec-
tion. Instead, patients recorded their day-by-day success in diaries, and the
investigators’ review of these data generated the percentage of attempts
resulting in erections firm enough for intercourse. This different assess-
ment methodology has added to the difficulty of comparing trials and
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different drugs in different trials. More than 5000 treatment-naïve patients
were enrolled in phase II and III clinical trials, and doses from 2 to 6 mg
were assessed (62).

Early analysis of clinical data identified that 3 mg was an optimal point
for risk vs benefit. One pivotal study measured the efficacy and safety of
a fixed 3-mg dose of SL apomorphine compared with placebo and com-
pared it with a fixed 4-mg dose of SL apomorphine in patients with typical
ED (63). A total of 296 men were studied in this randomized, double-
blind, crossover study. The reported outcomes were the percentage of
attempts resulting in erections firm enough for intercourse, the percentage
of attempts resulting in actual intercourse, the time to erection, and partner
assessment. It was found that 3 mg of SL apomorphine was significantly
more effective than placebo (p < 0.001) in the percentage of attempts
resulting in erections firm enough for intercourse (apomorphine 48%,
placebo 32%) and resulting in intercourse (apomorphine 49%, placebo
32%). The assessment by partners yielded similar numbers. The median
time to erection was confirmed at 18.8 min. The most frequent adverse
event was nausea, reported by 3.3% of patients on 3 mg vs 14.1% by those
on 4 mg of SL apomorphine.

Altwein and Keuler summarized the key clinical data in the pivotal
trials, and determined that the overall proportion of attempts resulting in
erections firm enough for intercourse was 49.4% for 3 mg of SL apomor-
phine, compared with a baseline value of 24.3% (64). The overall propor-
tion of erections was significantly increased over patient baseline and over
the results with placebo. The studies revealed that vasovagal syncope was
seen in less than 0.2% of men, and, whenever seen, it was preceded by clear
prodromal symptoms. Nausea was again the most frequently observed side
effect. As is typical for dopaminergics, the impact of nausea decreased
quickly with repeated use (within eight doses).

A multicenter, open-label, uncontrolled, phase III, dose-optimization
study of SL apomorphine was conducted in 849 men with ED (65). The
enrollment included the usual preponderance of men with severe dys-
functional ED (mild in 11.5%, moderate in 23.8%, and severe in 48.1%),
possibly reflecting the difficulty of recruiting treatment-naive patients
when sildenafil was available for prescription. As could be expected, the
overall percentage of attempts resulting in erections firm enough for
intercourse decreased to 39.4%, although baseline frequency was only
13.1%.

A total of 507 patients were enrolled at 34 European sites for a forced
dose-escalation study (2 to 3 to 4 mg) of SL apomorphine in men with ED
(66). The patients had a representative spectrum of comorbidities (24%
had hypertension, 11% had coronary artery disease, 10% had diabetes, and
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5.5% had benign prostatic hypertrophy), and 62.6% of treated patients
were taking medications for these problems. Adverse events included
nausea (9.8%), dizziness (7.1%), and headache (6.7%). (These effects had
a frequency of 0.4, 2.4, and 4.0%, respectively.) The proportion of success-
ful attempts resulting in sexual intercourse followed the expected pattern,
with statistically significant enhancement over placebo with drug use.

Analysis of the available data suggested that the probability of success
increased over the first six to eight doses (67). The overall picture was
established of a drug that clearly worked to ameliorate erectile function,
was better than placebo, and had an acceptable safety profile and good
tolerability. It met current criteria for clinically meaningful improvement
and was usable in difficult-to-treat patients (e.g., those taking nitrates).
Like the PDE inhibitors, SL apomorphine requires the simultaneous pres-
ence of a sexual stimulus for the erectile effect. The therapeutic potential
of this medication has not been realized, in part because it does not give
patients the same sensations, signs, and symptoms as a PDE inhibitor.
There is no persuasive flushing, cardioacceleration, headache, or age-
defying erection. SL apomorphine is a drug that can be used well in select
men who pay attention to the global CNS sensations, who want a prompt
effect, who usually have mild to moderate ED, and who have an awareness
of the softer issues (relationship, partnership, and so forth) involved in
reviving their sex life.

SL apomorphine may be the choice of a minority of men, some of whom
cannot use PDE inhibitors and some of whom simply chose apomorphine.
With ED, the patient’s choice is the determining factor in the therapeutic
strategy selected. The basis for choosing one therapy over another is
strongly influenced in most cases by the quest for a rigid erection. How-
ever, apomorphine is currently the proof that diversity exists in oral thera-
peutics for sexual dysfunction, although PDE inhibitors are currently the
better way to treat erectile problems.

SL apomorphine is the first approach to the oral therapy of sexual dys-
function that pharmacologically targets the CNS, but it will certainly not
be the last.

Alternative routes for delivering apomorphine have received some
attention. The bioavailability of conventional gastric absorption is poor,
but it may be possible to achieve a suitable pharmacokinetic profile from
this. Intranasal forms of apomorphine have been reported, but there are
currently no data beyond phase II trials. The critical question regarding
these other routes of administration is whether there is a true ceiling effect
for the action of apomorphine, or whether the ceiling results from determi-
nation of a risk–benefit ratio that has not been fully optimized with use of
the SL form. If lower rates of adverse events can be achieved with apomor-
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phine delivered via other routes, then higher doses (and, hence, serum
concentrations) can be used for potentially better therapeutic effects.

One further aspect of apomorphine use that remains unanswered is the
potential for combination therapy. Treating a dysfunctional NVGA at
two or more points simultaneously can potentially further enhance the
final result of an improved erection. Whether one can combine apomor-
phine with a PDE inhibitor and thereby both activate the CNS cascade
and boost the responsiveness of the penile vasculature has yet to be
properly addressed. The pharmacokinetic, pharmacodynamic, and eco-
nomic issues of the combination are not insignificant, but the concept has
occurred to many observers. There would appear to be an obvious basis
for predicting that this is a combination that will offer advantages. It is
one that may well be revisited as other new, probably selective, dopam-
inergic agonists advance through the drug development process.

MELANOCORTINS

Early human studies with the melanocortin Melanotan II have been
published (68). Melanotan II is a nonselective MCR agonist that was
selected for human trial based on its effects in dogs. In early phase II
studies, men with ED were documented to experience erections when
injected with Melanotan II subcutaneously. Sometimes, changes in desire
and nausea were also seen.

PT-141, a synthetic peptide analogue of -MSH chosen for potential
human use, has undergone early clinical trials in humans as an intranasal
preparation (52). Significant erectile effects were observed in normal men,
using objective measures, starting approx 30 min after administration.
In these conditions, doses ranging from 4 to 20 mg were seen to induce
responses without the need for sexual stimulation. When patients with
mild to moderate ED were studied using a dosage of 20 mg of PT-141 and
visual stimulation studies, increases in erection duration and rigidity were
seen. Further studies of its efficacy and tolerability in phase III clinical trial
settings are anticipated.

CONCLUSIONS

The CNS harbors all the mechanisms that make human sexuality so
vital. The brain and spinal cord are much more than just control mecha-
nisms for penile erection, although they do, in concert with the cardiovas-
cular system, fulfill that role. The CNS provides the basis for all the
aspects of human sexuality outside genital and hormonal function. The
contribution of the CNS to sexual dysfunction in age and disease is only
just now being assessed. The exquisite complexity of the neural substrates
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of sexuality is slowly being revealed in new animal and human studies,
through new imaging techniques in humans, and in the results of therapeu-
tic advances in humans. The rapid progress in imaging technology will
undoubtedly yield a dramatic new understanding of the CNS’s role in
human sexual function and dysfunction. The parallel advances in
genomics and proteomics should provide further clues to disease mecha-
nisms and reveal new therapeutic targets for untreated aspects of sexual
dysfunction in men and women.
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INTRODUCTION

Oral pharmacotherapy fails to provide an adequate erection in approx
30 to 35% of all patients tried on this initial therapy, and at higher rates in
those patients who have diabetes mellitus and those who have had radical
pelvic cancer surgery. In those patients with initial success from oral
pharmacotherapy, there have been few reports of complete tachyphylaxis,
although many who are started on lower doses initially feel that they
obtain better results from the oral therapy by increasing to the higher dose
recommended for use. Dropout rates owing to intolerable side effects are
rare with all of the phosphodiesterase inhibitors. Occasionally, some users
of oral therapy cannot afford to continue the use of the oral agents and
prefer a more economical treatment for their erectile dysfunction (ED).
Vacuum therapy provides such a solution. Certainly, penile prostheses
are less economical for such patients. If there is a progression of disease—
such as Peyronie’s disease of a severe nature, or more fibrosis of sinus
smooth muscle, such as that associated with diabetes mellitus—then
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a penile prosthesis may become the next step in therapy for the patient
with ED.

The patient and his partner who move away from oral therapy as the
solution for ED should already be aware of the choice of vacuum therapy.
This should have been presented to the patient in the beginning of the
process—when the different therapies for ED were discussed—as one of
the primary choices for the management of ED. Many, if not most couples,
when hearing about the two primary choices of oral therapy or vacuum
therapy, naturally prefer oral therapy. The mechanical nature of the vacuum
therapy is a perceived drawback for most men with ED, although some
couples that hear about the two types of primary therapy do select vacuum
therapy as their first choice. These are usually the older couples that have
a very stable marriage and a very adaptable sexual satisfaction level.
Moving to vacuum therapy can be a smooth transition for the patient who
has failed oral pharmacotherapy, particularly because it is noninvasive and
safe compared to the more invasive secondary therapeutic choices, such as
injection therapy, or urethral suppositories, such as the Medical Transure-
thral System for Erection (MUSE).

EXTERNAL VACUUM THERAPY

The use of external vacuum therapy for the treatment of ED has been
extensively reviewed in the past (1,2). Vacuum devices can now be pur-
chased over-the-counter, but the author still prefers the prescription-only
products because they offer more physiological tension bands as regards
to shape and ease of removal.

Some vacuum cylinders have pop-off valves to limit the amount of
negative pressure applied to the penis during the erection phase, and some
have more secure adaptable cylinder inserts for more efficient vacuum seal
at the start of the vacuum phase. Many of the prescription devices also have
different cylinder sizes provided with the initial purchase, which allows for
better individualization for penile size variation, and accommodation for
minimal Peyronie’s disease curvatures. Finally, some of the prescription
vacuum devices offer a technical support staff available for users who
might be having some problems using the vacuum device to reach by
telephone, greatly aiding in success for the couple who may need minor
adjustments in their use of this ED solution.

Satisfaction rates for the vacuum devices vary in reports, reaching as
high as 94%, and as low as 26.7%. Dropout rates have been reported from
20 to 30% (1,2). The reasons for dropouts include the following:
1. Inability to achieve and maintain a full erection.
2. Pain and discomfort from use of the device.
3. Poor health.
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4. Marital problems or the loss of a spouse.
5. Unnatural interruption of the act of love-making.
6. The return of natural erections.
7. Too much trouble to use.
8. Nonacceptance by partner.
9. Desire to switch to another type of therapy.

10. Inability to use because of worsening of Peyronie’s curvature.
11. Cool penile temperature obtained by the patient with the use of the device

(1,2).
Complications from the vacuum devices are rare. They include the fol-

lowing:
1. Occasional mild numbness and numbness of the penis as a problem.
2. Decreased or increased time to orgasm.
3. Pivoting of the base of the penis.
4. Bruising of the penis.
5. Penile petechiae.
6. Pain or swelling of the penis after use of the device.
7. Pain with orgasm because of the tension rings.
8. Rarely, penile skin necrosis.
9. Fournier’s gangrene.

10. Urethral bleeding
11. Herniation of the scrotal tunica vaginalis into the penile shaft (1,2).

Even patients who have experienced failure or the removal of a penile
prosthesis have been successful in subsequent use of the vacuum device
to solve their erectile dysfunction problem (3,4). The first authors reported
successful salvage in four of five patients with an explanted penile pros-
thesis, and an enhanced erection in four patients who had a semirigid
penile prosthesis (3). In the second study of 14 explanted men, which
included six men who had the implant removed because of infection, 10
(71%) engaged in regular intercourse using the vacuum device (5 of the 6
who had infected associated removed devices). Of the 11 who tried the
vacuum device at home, six reported that the device was a better solution
for their ED than the previous implant (4). However, patients who have
severe penile scarring of the corpora cavernosa, such as that seen with
priapism, or those who have had extensive penile scarring because
of cavernosal infection in association with a penile prosthesis, may not
obtain full engorgement with the vacuum device (5). Patients on well-
controlled anticoagulant therapy have been shown to be at no added risk
by using vacuum therapy as a solution for their ED (6).

Composition of the Vacuum System
There are three components of the vacuum system: the cylinder, the

pump, and the tension rings (1) (Fig. 1).
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The cylinders are generally constructed of clear plastic, some of them
tapering out distally, with a nipple-like extension for the attachment of
plastic tubing to a hand-held vacuum pump. Some cylinders are open-
ended at the distal end to allow for direct attachment of the pump, compris-
ing a one-piece unit with a pump handle, or with an outer pumping cylinder
over an inner cylinder. Several companies also produce a battery-driven
pump particularly designed for patients who lack the mechanical facility
or strength to produce hand-motion pumping. Some companies provide
different cylinder choices with each unit to allow for variance in penile
size, whereas others use various optional inserts to modify the internal
diameter of the cylinder. Larger cylinders are available for the rare patient
who obtains significantly greater penile circumference with application of
the vacuum device. Larger cylinders may also be necessary for patients
with severe penile angulation secondary to Peyronie’s disease who have
difficulty removing the cylinder once engorgement has been obtained.

Fig. 1. An example of a vacuum device with an attached battery-powered pump on
one end of the cylinder, and the cylinder with the insert ring in place (photograph
provided by Augusta Medical Systems, Augusta, GA).
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As a safety feature built into the pump, most devices have a vacuum
valve that activates after a certain negative pressure has been reached
(300–350 mmHg). To produce adequate rigidity of the penis, the vacuum
pressure must exceed 90 mmHg. All devices have a release mechanism
built into the pump for the release of the negative pressure when adequate
penile engorgement has occurred and tension rings have been placed around
the base of the penis.

Tension prostheses can be wide-width rubber bands, rings of varying
size and tension, or plastic discs with a central opening. Some companies
produce round tension bands of varying width, whereas another company
produces rings molded to include a urethra-sparing notch on the inside
curve of the ventral position of the ring. Tension rings must have tabs or
strings to ease their removal after use. Recently, one company has created
disposable tear off tension bands (Fig. 2; SureRelease, Augusta Medical
Systems, Augusta, GA).

After use, all parts of the vacuum devices, except for the pump itself, can
be submerged in soapy water for cleaning.

Fig. 2. An example of a tension band that has been designed for temporary use and
easy removal by a tear apart system (SureRelease™. Figure provided by Augusta
Medical Systems, Augusta, GA).
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The patient assembles the device by placing the tension apparatus
(sometimes using more than one tension ring) on the proximal end of
the cylinder and connecting the pump to the cylinder on the distal end. He
then lubricates the proximal open end of the cylinder with a water-soluble
lubricant to obtain a better seal to the skin surrounding the base of
the penis. If excessive pubic hair prevents a tight seal at the abdomen, the
patient may have to shave or cut some of this hair. With one hand around
the cylinder, the patient presses the device against the skin surrounding
the base of the penis and begins to pump by hand or by activating the
pump switch on the battery-powered model. If the cylinder design allows
it, some users press the distal end of the cylinder against a table or counter
to free one hand. Once adequate penile rigidity has been obtained, the
preloaded tension rings are eased off of the proximal end of the cylinder
and onto the base of the penis. The vacuum is released by a valve or button
on the pump, the cylinder is removed, and the patient is ready for inter-
course. It is recommended that the tension rings be left in place for no
longer than 30 min.

THE VACUUM-ASSISTED ERECTION

The assisted erection obtained with a vacuum device is slightly different
from an erection obtained normally in that there is no initial relaxation of
the sinus smooth muscle within the corpora cavernosa. Instead, all tissue
of the penis becomes engorged with trapped blood, which has been drawn
into the penis by the action of negative pressure. In some cases, the actual
penile size (especially the glans) achieved by vacuum-assisted erection is
larger than that obtained with a natural erection. Because the buried portion
of the corpora cavernosa proximal to the tension ring does not usually
become tumescent, there is some lack of fixation of the penis, and the
resulting hinged effect is bothersome to some patients. The penis may
become slightly cool or numb, and may become slightly bluish in color
owing to cyanosis. Some partners are unhappy with the coldness of the
penis and the need to use lubricating jelly.

Pain with penile engorgement and the application of the vacuum device
is rare, mostly of a mild nature, and usually not a concern for the patient.
Pain with ejaculation related to trapping of the ejaculatory fluid is
extremely rare. With orgasm and ejaculation, there may not be expulsion
of fluid from the penis because of the tension apparatus around the shaft
of the penis. This is not always the case (present in 30–40% of cases),
but is commonplace and does not present a problem, especially if the
patient has been forewarned. When the rings have been removed after
intercourse and ejaculation, the seminal fluid will usually run or drip from
the penile meatus.
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PENILE PROSTHESES

Penile prostheses are very successful and provide a high satisfaction
rate for the patient with ED. They are, of course, one of the most invasive
solutions for the treatment of ED (7). They are not usually the next choice
for those who have failed oral pharmacotherapy, but, as mentioned previ-
ously, there are certain penile cavernous disease states where penile pros-
theses are certainly a reasonable choice. Fibrosis of the corpora cavernosal
tissue, especially if severe, and severe curvature as a result of Peyronie’s
disease, often preclude the patient’s ability to use vacuum therapy or other
more invasive therapy such as intracavernous injection or urethral supposi-
tories in place of failed oral therapy. The use of a vacuum device preopera-
tively has been reported to improve penile length and assist in softening
corporeal fibrosis (8). The two major choices for prostheses include mal-
leable devices and the hydraulic devices (see Table 1; Figs. 3–5). The
hydraulic devices include so-called two- and three-piece devices.

A more physiological duplication of a normal erection and normal
flaccidity is offered by the hydraulic devices, particularly the three-piece

Table 1
Currently Available Penile Implants

Type Prosthesis Vendor

Semirigid
• Malleable Acu-form™ Mentor a

Malleable™650 AMS b

Malleable™ 600M AMS
• Mechanical Dura II Malleable AMS

Inflatable
• Two-piece Ambicor® AMS

Excel™ (investigational use only) Mentor
• Three-piece Titan™ Mentor

Titan Narrow Base™ Mentor
Lock-out valve reservoir Mentor
700 CX™ AMS
700 CX™ Preconnected AMS
700 CXR™ AMS
700 Ultrex® AMS
700 Ultrex® Preconnected AMS
(Last five come with or without
Inhibizone™ antibiotic surface treatment).

a Mentor Corporation, Santa Barbara, California.
bAmerican Medical Systems, Minnetonka, Minnesota.
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Fig. 4. Shown are the examples of inflatable devices produced by American Medical
Systems. (A) Three-piece 700 CX penile prosthesis. (B) Three-piece inflatable pros-
thesis that has a capacity to increase in girth and length called the Ultrex. (C) Example
of an antibiotic-coated three-piece inflatable CXR system. Note that the rear tip extend-
ers are snap-on rear tip extenders for this particular device. (D) Two-piece inflatable
device called the Ambicor. (These photos are provided by American Medical Systems,
Minnetonka, MN).

Fig. 3. Two malleable devices marketed by AMS (American Medical Systems,
Minnetonka, Minnesota). (A) Two malleable cylinders (malleable 600). (B) A single
Dura II device in the straight position (Dura II). (C) Shows the flexibility (180°) and
memory obtainable by the Dura II device. (These photos are provided by American
Medical Systems, Minnetonka, MN).

devices, but the choice of a particular device should be the decision of the
patient with information provided by the implanting surgeon, who will
also have some preferences regarding the best device for a particular
patient. Cost may play a role in the type of prosthesis chosen because the
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semirigid devices, for the most part, are less expensive than the hydraulic
devices. The reader is referred to other publications for a more detailed
discussion of current indications for the different types of penile prosthe-
ses (7,9,10).

The patient who is considering a penile prosthesis needs to know the
following information:
1. Are there any other possible conservative therapeutic options for manage-

ment of his ED?
2. What will the prosthesis do for him and what changes in body status will

result?
3. In layman’s terms, where will the components of the selected device be

placed?
4. What are the expected functional and cosmetic results afforded by the

selected prosthesis?

Fig. 5. This figure shows examples of the three penile prostheses produced by the
Mentor Corporation. (A) Two malleable cylinders called the Acu-Form.(B) Two-
piece investigational device that is called the Excel device. (C) Three-piece
Titan.Shown with this model is the lock-out reservoir (this prosthesis has a hydro-
philic coat that has the ability of the device cylinders to retain more of the antibiotic
on soaking the device before placement).
(Photographs supplied by Mentor Corporation, Santa Barbara, CA).
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5. What are the possible complications, including increased risks from other
disease states, such as diabetes mellitus, and the possible need for revision
surgery (particularly the complication of infection)?

6. What is the longevity of the selected prosthesis?

Whenever possible, the patient’s partner should be involved in this
informed consent, and certainly when the partner may be involved with
mechanical inflation or deflation of the device. The patient and partner,
when included, should be encouraged to ask questions about the prosthesis
and the planned surgery. A most important message to deliver to the patient
is that no penile prosthesis will restore the full length previously achieved
by the patient with his natural erection. A large part of the preparation of
the patient is ensuring that he and his partner have realistic expectations for
the device and an understanding that any present residual erectile activity
may be lost, particularly if the device has to be removed, and that future
revision surgery may be necessary.

PENILE PROSTHESIS PLACEMENT

The technique of penile prosthesis placement for primary and more
complicated secondary procedures has been presented in other publica-
tions by this author (7,11). Basically, the patient is placed in a supine
position on the operating room table, and an extended antibiotic scrub and
painting is performed for 15 min. Usually the hair in the suprapubic and
scrotal region is removed by an electric razor just before this preparation.
Some surgeons prefer 2- or 3-d phisohex showers to be performed by the
patient at home in the days just before the surgery. All infection, including
urinary tract infection, should have been eliminated prior to the placement
of a prosthesis. A urinary catheter is placed in the bladder, especially if a
reservoir is to be placed in the suprapubic area with a three-piece device,
to lessen the possibility of bladder perforation when making the space for
the reservoir. Most surgeons prefer some type of broad-spectrum prophy-
lactic parenteral antibiotic therapy started at the time of the prep of the
patient. A plastic adhesive barrier drape placed over the exposed opera-
tive skin helps to control skin contact with the device components during
the rest of the case. The incision can be a circumcising incision for place-
ment of the semirigid devices, necessitating a circumcision in those who
are uncircumcised (usually recommended at an earlier time if phimosis or
paraphimosis or history of balanoposthititis is present) or a penile–scrotal
incision. For the placement of two-piece devices, a penile–scrotal inci-
sion is usually the preferred incision, although a few surgeons still prefer
an infrapubic incision for even this type of prosthesis. For three-piece
inflatable devices, the choice of incision is penile–scrotal or infrapubic.
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The potential advantages and disadvantages of each of these approaches
is discussed in more detail elsewhere (see ref. 7).

The corpora cavernosa tunica albuginea is exposed on the lateral ven-
tral aspect of the penis, depending on the type of incision. A longitudinal
incision of about 2 cm is made into the tunica albuginea to expose the
underlying corporeal spongy tissue. This author prefers these to be as
close to the crural end of the corpora as possible for the inflatable cylin-
ders to decrease the amount of rear tip extenders needed so that the tubing
attached to the cylinder exits from the corpora in as direct a manner as
possible. This also allows for the selection of the maximum cylinder
length possible. A space is made in the corpora with dilators of the
surgeon’s preference large enough to accept the chosen cylinders. Usu-
ally, particularly in inflatable device surgery, closing sutures are placed
on either side of the corporotomy incisions prior to the placement of the
cylinder, so that risk of injury to the cylinders is minimal. However, with
semirigid devices, the corporotomy can be closed after placement of the
cylinders in a running fashion, preferably burying the knots inside the
corpora. Long-lasting absorbable suture is preferred for use with inflat-
able cylinders so that knots tied on the outside eventually dissolve and are
no longer palpable to the patient or partner. A subcutaneous or subdartos
scrotal pouch is made on the side of the handedness of the patient for
placement of the pump or resipump in two-piece devices. Most modern
inflatable devices have eliminated the need for connectors between cyl-
inder tubing and pump tubing by providing preconnected devices.

A space for the reservoir is made behind the rectus muscle in the midline
in infrapubic approaches, and through the external ring and the floor of the
inguinal canal in penile–scrotal approaches. The reservoir is placed and
filled with appropriate amounts of sterile injectable saline or, more rarely
today, prescribed mixtures of radiographic agent and saline defined by the
prosthetic companies. Usually, spaces created for the placement of the cyl-
inders, pump, and reservoir are irrigated with antibiotic solution. Devices
are presoaked in antibiotic solution, except those precoated with antibiotic
coatings. Usually, a single connection is made between the tubing of the
pump and the tubing of the reservoir. Some surgeons prefer to separate the
tubings from the various components in different planes with tissue suture.
Some also like to fix the pump into the scrotum with tissue suture above the
pump to minimize upward migration of the pump. Surgical wounds are
closed in two or three layers to provide deeper placement of the device’s
tubing. Usually, subcutaneous absorbable skin suture is used for the final
closure. Some surgeons prefer surgical drains to minimize hematoma for-
mation, whereas others feel that they increase the possibility of wound
infection and thus do not provide an acceptable risk benefit to be used.
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Most surgeons continue parenteral prophylactic antibiotics during the
first 24 h after the placement of the device. Others use oral antibiotics for
several d or wk after placement of the device. Certainly, continued sev-
eral-week broad-spectrum oral antibiotic coverage may be helpful in the
patient with diabetes mellitus. With the use of the antibiotic-coated
devices from one of the makers of inflatable devices, antibiotic coverage
beyond the initial parenteral tissue coverage at the time of initiation of the
anesthesia may not be indicated.

PENILE PROSTHESIS COMPLICATIONS

Complications from penile prosthesis consist of the intraoperative tech-
nical problems, infection, and other postoperative surgical problems; and
mechanical failures. One intraoperative problem is crural perforation of
the corpora which can be repaired with perineal exposure of the crura for
intraoperative closure, placement of a wind sock with artificial material,
or using one of the rear tip extenders via the corporotomy incision sutured
to the inside wall of the tunica albuginea. In the case of inflatable cylin-
ders, fixing corpora sutures on either side of the exiting cylinder tubing
migration unlikely in the 5 or 6 wk that the cylinders are in a deflated state,
during which time the crural tear usually scars closed. Usually, distal
corporeal perforation is rare unless the urethra can be closed via a distal
penile circumcision incision and the device still placed. However, if a tear
is made into the urethra, the cylinder should not be placed, and the place-
ment should be abandoned and rescheduled at a later date. This is particu-
larly recommended if a tear occurs during the dilation of the first corpora.
If it is elected to place cylinders in these cases, urinary diversion is rec-
ommended by suprapubic catheter placement or perineal catheter place-
ment, and the tear into the urethra can be repaired by exposing the tear via
a more distal circumcising incision. However, this is recommended only
for the experienced prosthetic surgeon. No one will criticize abandon-
ment of the procedure and a return at another time after the perforation has
healed. Infection is the most dreaded and potentially severe complication
of any prosthetic device, including the penile prosthesis. It occurs in less
than 1% of patients without other known medical risk factors at the time
of placement of primary devices. For secondary and tertiary placement of
devices, the risk of infection is much higher. Most infections occur within
the first 3 mo of surgery. The best control of infection is preventive and
is spelled out in Table 2. Salvage procedures are discussed in detail in refs.
7 and 11.

Other surgical complications include problems with position, pain,
encapsulation, and pressure erosion. The three most common position
problems are inadequate cylinder length, producing what has become
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known as SST deformity of the glans; high-riding pump or reservoir/pump
for the two-piece devices; and a kinked reservoir neck.

The SST deformity can be corrected by the Ball procedure (12). Gradual
decreasing pain may be present in patients receiving penile prosthesis for
4 to 6 wk after surgery, but by the end of this time it should dissolve. It
may be inexplicably more severe in patients with diabetes mellitus. Pain
associated with elevated white blood cell count and fever should suggest
infection. Oversized cylinder placement may also cause pain. Another
complication of cylinder length is the S-shaped deformity of the Ultrex
cylinders when not downsizing with original placement by 1 cm in length.
This type of device is not recommended in patients with Peyronie’s dis-
ease, nor as a replacement device for previously removed semirigid or
self-contained hydraulic devices. Encapsulation of a reservoir or the pump
reservoir of the two-piece device may preclude full deflation of the device
and may require operative hydrodilation of the entrapped component.
The annoying self-inflation of the three-piece device with any increase in
intra-abdominal pressure has been greatly eliminated for the Mentor three-
piece inflatable device with the lockout valve at the base of the reservoir.
Pressure erosion does not necessarily mean infection, although it can be
associated with infection. Salvage procedures without frank purulent
material may be indicated. Mechanical complications from breakdown of
the devices are more likely to occur with the more complicated three-
piece hydraulic devices, but changes in the design, such as kink-proof
tubing, wear-resistant coating and reinforcement of wear sites, elimina-
tion of certain connector sites, and improving cylinder design for strength

Table 2
Prosthetic Infection Prevention

• Short hospital stay preoperatively and postoperatively.
• Elimination of other sites of infection preoperatively.
• Discontinuation of chronic indwelling urethral catheters 2 wk before

surgery and diversion of urine drainage.
• Antiseptic soap shower three nights before and the morning of surgery.
• Prophylactic perioperative antibiotics.
• Shaving immediately before surgery with an electric razor in the operating

room immediately before the skin preparation.
• 15-min skin preparation with antibiotic scrub and paint.
• Strict intraoperative sterile technique (curtail operating room traffic).
• Intraoperative antibiotic wound irrigation and prosthesis soaking (except

for antibiotic-coated products).
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and use of more wear-resistant material for these cylinders, eliminated
some of the more likely mechanical problems. Today, these devices will
only have mechanical breakdown in approx 5% of these devices within
5 to 10 yr of placement (7).

PATIENT SATISFACTION

In general, patient and partner satisfaction with penile prostheses range
from 60 to 80% (7). One paper published in 2003 compared satisfaction
rates and erectile function in patients treated with sildenafil, intracavern-
ous prostaglandin E1, and penile implant surgery for ED (13). One hun-
dred six patients were followed by using two tools for evaluation. The
first, the Erectile Dysfunction Inventory for Treatment Satisfaction (ED-
ITS), was a measure of satisfaction of treatment; and the second, erectile
function domain (EFD) of the International Index of Erectile Dysfunction
(IIEF), evaluated erectile status while in treatment. Of the 106 patients, 74
(70.59%) used multiple forms of therapy and changed from one therapy
to another before continuing with the final form of therapy. In the end, 31
were using sil-denafil therapy, 22 were using intracavernous injection
therapy (ICI), and 32 had penile prosthesis and were using the implant for
sexual activity. Average follow-up was similar in the three treatment
groups, 20.16 mo for those on oral therapy; 19.59 mo for those on ICI
therapy; and 18.91 mo for those who underwent penile implant therapy.
Twenty-one patients were undergoing no form of treatment for erectile
function and thus were incapable of sexual intercourse. In those patients
who had penile implants, mean EDITS score, mean EDITS index, and
mean EFD scores were significantly higher than the other two treatment
groups. This difference persisted when patients who had undergone radi-
cal prostate surgery were eliminated because these patients had a natural
bias against oral therapy. There was no significant difference in these three
measurements between those on oral therapy and those on intracavernous
injection therapy.
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INTRODUCTION

Lifestyle Changes: Heart Health Equals Erectile Health
No conversation on dietary supplements, prescription drugs, or any

conventional intervention for erectile dysfunction (ED) should ever begin
without discussing lifestyle changes that may favorably impact the risk of
ED A basic analogy to this situation exists for cholesterol reduction, where
diet or lifestyle changes are generally the initial interventions utilized and
drug therapy follows if lifestyle changes do not have a dramatic impact
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(1,2). Even if drug therapy is initiated, lifestyle changes should continue
to be emphasized because of potential synergistic effects, and the general
goal of patients should be a better quality and quantity of life and not just
to treat their ED. Lifestyle changes may assist the patient in reaching these
goals when initiated early and emphasized often.

Sexual function in general tends to decline in healthy aging men (3). The
latent time period between sexual stimulation and erection increases, erec-
tile turgidity is reduced, ejaculation is not as forceful, the volume of the
ejaculate declines, and the interval between erections becomes greater. A
decrease in testosterone and an increase in cavernous muscle tone occur,
and the penile sensitivity to stimulation also declines.

Approximately 50% of men with chronic diabetes have ED (3). Chronic
renal failure has also been associated with reduced erectile function and
libido. Men with coronary artery disease (CAD) or heart disease, periph-
eral vascular disease, and stroke also have an increased risk of ED (4–6).
Other factors associated with ED include: smoking, hypertension, obesity,
hypercholesterolemia, minimal physical activity, stress, and chronic alco-
holism or drug abuse (7,8).

A specific ongoing concern is the lack of understanding that surrounds
basic cholesterol values and management. Despite cardiovascular disease
being the number cause of death in men and women, surveys continue to
demonstrate the need for the general public to understand basic cardiovas-
cular health markers (9). How can clinicians educate patients on basic
cardiovascular risks and lifestyle interventions when such a large propor-
tion of adults have a deficient understanding of this condition overall? In
other words, it would seem difficult to teach prevention in an ED clinic
when a majority of individuals do not have a good knowledge of basic
cardiovascular risk factors. However, if the connection between heart
health and ED health is stressed to men, the potential of a greater adherence
to moderate lifestyle changes may be within reach. Patients need to under-
stand that starting from an early age, cardiovascular health is basically
equivalent to health and longevity in other areas of life (10,11), including
living longer and better, and possibly reducing the incidence of numerous
health conditions, which would include ED itself.

Past and recent large epidemiology studies continue to suggest that
emphasizing heart-healthy lifestyle changes may reduce the overall risk of
ED. For example, one of the largest, most cited, past epidemiological
studies is the Massachusetts Male Aging Study that found a fairly consis-
tent association between cardiovascular disease and ED (12). Follow-up to
this same investigation has continued to demonstrate this correlation (13).
Most recently, results of the Health Professionals Follow-up Study (HPFS)
were published in regards to lifestyle risk factors for ED (14). This is one
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of the largest ongoing prospective epidemiological investigations in medi-
cine. A total of 31,742 US male health professionals were included in this
14-yr follow-up study. Physical activity correlated with a 30% reduced
risk of ED, whereas obesity correlated with a 30% higher risk of ED.
Smoking, alcohol intake, and television viewing time were also associated
with an increased risk of ED. Males with the lowest risk of ED were those
without chronic medical conditions and who regularly participated in
healthy activities. Other smaller clinical studies also suggest a correlation
between cardiovascular and erectile health. For example, a recent cross-
sectional study from the UK of 132 men with angiographic CAD demon-
strated that objective ED existed in 65% of this study population (15).
Erectile function scores were significantly (p < 0.001) associated with
cardiovascular risk factors and with the overall atherosclerotic disease
burden (p < 0.001), even after allowing for drug treatments associated with
ED. In fact, what may be even more alarming are the recent reports and
surveys from around the world that have found some association between
cardiovascular and erectile health. Investigations from the US (16), Thai-
land (17), Korea (18), Saudi Arabia (19), Turkey (20), Spain (21), Norway
(22), Belgium (23), the Netherlands (24), Brazil (25), and many other
countries (26), recently demonstrated this apparent worrying association
between cardiovascular risk factors and ED risk overall in young and older
men. Indeed, this issue has become a global concern.

Research continues to suggest that healthy lifestyle modifications ini-
tiated early in life may have a profound impact on reducing the risk of ED.
Whether or not lifestyle changes initiated later in life have any effect on
reducing ED itself remains to be determined from future investigations.
Regardless, it has become apparent that implementing healthy changes at
any age can affect the quality and quantity of an individual’s life. This
needs to be emphasized by clinicians attempting to encourage patients to
adopt overall healthy behaviors. Cardiovascular health continues to mirror
erectile health (27).

IMPACT AND REGULATIONS
FOR DIETARY SUPPLEMENTS:

DOES ANYONE ADHERE TO THE CURRENT RULES?
Complementary or alternative medicine (CAM) continues to enjoy tre-

mendous attention around the world (28–30). One of the most rapidly
increasing areas of CAM utilization is dietary supplements, which includes
herbs, vitamins, minerals, and other compounds (31). Sales of dietary
supplements have increased dramatically, from approx $9 billion in 1994
to almost $16 billion in 2000. This may be partially the result of the US
1994 Dietary Supplement Health and Education Act (DSHEA), which was
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easily approved by both Houses of Congress and also approved at by the
President (32). This act permitted virtually almost any substance to be
promoted as a dietary supplement as long as no specific health claims or
benefits are made on the label of the supplement container. No specific
claims are permitted that say a supplement can treat, cure, mitigate, or
diagnose any disease or condition. Only general claims are permitted, such
as “promotes sexual health” or “promotes cardiovascular function.” The
Food and Drug Administration (FDA) reserves the right to remove any
supplement that is in violation of this 1994 act. However, even when spe-
cific health claims are advertised without any medical research, the actual
burden of proof falls on the US federal government to prove that a claim
is actually false, misleading, inaccurate, or irresponsible. Therefore, this
act reduces the authority of the FDA to strictly regulate or control manufac-
turers of dietary supplements. The supplement industry is not held to the
same standards as the pharmaceutical industry, which needs to demon-
strate to the FDA that their product is safe, effective, and has good or
adequate quality control.

Which manufacturers actually follow the guidelines set forth by Con-
gress and DSHEA? Interestingly, one of the largest Internet investiga-
tions was recently published (33), and the results of this study need to be
discussed with patients (34), Researchers attempted to access Internet
information for the top eight selling supplements in the US (33). A total
of 443 websites met the inclusion criteria for the study. A total of 81% of
the retail websites made one or more health claims, and 55% actually
claimed to treat, prevent, diagnose, or cure specific diseases. More than
50% of the websites with a health claim omitted the standard federal
disclaimer. The researchers of this unique investigation essentially con-
cluded that a large number of manufacturers are not adhering to the federal
guidelines.

Large-scale surveys suggest that the American public does not believe
that physicians have adequate knowledge about dietary supplements and
are probably biased against them (31). However, the majority of the indi-
viduals surveyed were also in favor of more government regulations of
supplements in general to determine whether claims about the overall ben-
efits of dietary supplements are indeed valid. Participants also generally
stated that the FDA should have more authority to evaluate the safety of new
dietary supplements before they are marketed. Some dietary interventions
and supplements may gain FDA approval if adequate clinical evidence
suggests a potential health benefit may exist. Manufacturers need to submit
a specific claim along with clinical evidence for potential approval. A com-
monly cited example is soy protein. Several years ago, the FDA approved
a specific health claim for the use of soy protein to reduce the risk of heart
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disease because past investigations demonstrated cholesterol reduction
from, for example, a specific published meta-analysis of clinical trials (35).
The FDA only approved soy protein and not the “plant estrogens,” or
isoflavones, in soy for cholesterol reduction. This finding occurred mostly
in individuals with hypercholesterolemia who reduced saturated fat and
increased consumption of soy protein. Thus, companies can now advertise
that 25 g/d of soy protein may reduce the risk of heart disease. In the near
future, manufacturers of other dietary interventions or supplements will
probably continue to seek FDA approval for the treatment of a variety of
conditions or ailments. For example, the use of fish oil supplements to
reduce the risk of heart disease. Whether or not FDA approval will be
granted for a claim depends on the sum total of the evidence.

QUALITY CONTROL
Dietary supplements sold in the US are not required to follow specific

standards or to ensure quality control (34,36). Other parts of the world
(including many European countries) demonstrate an entirely different
scenario. One prime urological example that highlights this discrepancy
includes the use of saw palmetto in France for benign prostatic hyperpla-
sia. Manufacturers in this country have to demonstrate some quality
control, but many of these so-called “supplements” sold in the US are
actually prescription drugs in these other countries. In the US, a supple-
ment label may report a specific dosage of a substance, but in reality the
actual pills or capsules may contain higher, lower, or no specific amounts
of this supplement. Therefore, without any proper independent and uni-
versal randomized quality control studies, it is a formidable task to evalu-
ate the actual quality and quantity of any of the thousands of dietary
supplements sold in the US. Another prime urological example involves
a recent study of ginseng supplements (discussed for ED later in this
chapter). Researchers found that out of 25 preparations analyzed, a con-
centration variability of 15 to 200-fold in the main active ingredients
existed between products (37). Another investigation of 16 different
dehydroepiandrosterone (DHEA) dietary supplements (also discussed
later in this chapter) found the actual dosage range of contents to be 0 to
150% of what was actually promoted on the label (38). Additionally, a
journalist from the Newark, New Jersey Star-Ledger purchased 10 over-
the-counter (OTC) products that advertised enhancement of sexual func-
tion (39,40). The newspaper submitted these products to an independent
laboratory for chemical analysis and found that nine out of the 10 prod-
ucts contained at least one or more compounds that could not be identi-
fied or were detected in minimal concentrations compared to what was
advertised on the bottle label. The tenth product had less than 50% of the
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promoted amount of its only compound, yohimbine. Again, without
any enforced standards or regulations, the consumer must be constantly
reminded by the clinician that the adage “anything goes” applies, or
simply not to be surprised to expect the unexpected when purchasing
some dietary supplement products.

DRUG–SUPPLEMENT AND DRUG–PROCEDURE
INTERACTIONS: A GROWING PROBLEM

Drug–supplement interactions are also a constant source of difficulty
because very little clinical research has been obtained in this specific disci-
pline. A recent study highlights this ongoing serious problem. One of the
biggest selling herbal supplements for depression, St. John’s wort, is specifi-
cally metabolized by the cytochrome P450 3A4 pathway in the liver, and this
may cause over 50% of the available prescription drugs in the US to be
rendered less efficacious when combined with this specific and commonly
used herbal supplement (41). Clinicians need to tell patients that when a
prescription drug is combined with any dietary supplement the potential for
increased or decreased metabolism of the prescription agent could theoreti-
cally occur unless some specific past investigation has been conducted that
suggests otherwise. It is also for this reason and other concerns that this
author suggests that most supplements should not be taken before any sur-
gical procedure or, initially, with any other prescription medications
because numerous supplements have already demonstrated the ability to
interact with either an anesthetic or a parameter of coagulation (42). For
example, initial evidence demonstrated that some of the dietary supple-
ments that should be discontinued before surgery include: echinacea, ephe-
dra, garlic, ginkgo, ginseng, kava, St. John’s wort, and valerian. The only
time a prescription agent should be combined with a supplement is after
proper clinical drug–supplement interactions have been researched. In other
words, it is imperative to tell patients that it is better to be safe than sorry.

This does not mean that no supplements are useful during or immedi-
ately after a surgical procedure or in association with a prescription agent
(discussed later in the chapter). For example, initial evidence has found
that use of vitamin C during and after cardiac bypass graft surgery may
reduce the risk of postoperative atrial fibrillation (43,44). A current, large,
randomized trial is attempting to determine if this should become standard
medical surgical practice.

PLACEBO EFFECTS AND ED SUPPLEMENT UTILIZATION

Randomized, controlled clinical trials are generally considered the gold
standard for determining causality (45). Some investigations tend to utilize
a placebo group when it is deemed appropriate. Other investigations may
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utilize the standard treatment as the comparison group. The first article on
the overall placebo effect was published in 1945 (46), and 10 yr later,
another publication suggested that, in general, about one-third of patients
in clinical studies experience this response (47).

Later publications demonstrated its effects when investigating some con-
ditions (48), but currently, this one-third response may be an oversimplifi-
cation. Another perspective of a wide range of medical conditions found
that objective studies, such as serum and imaging tests, demonstrate little,
if any, placebo response, whereas subjective improvements or self-evalu-
ations and symptoms tend to have larger placebo response rates (49). Two
prime examples are the HMG-CoA reductase inhibitors, or statin drugs
(50–53), and FDA-approved osteoporosis drugs (54) because both agents
have demonstrated minimal to no response in the placebo group. The situ-
ation becomes remarkably different when utilizing subjective or patient-
evaluated endpoints. Pain is one example of a symptom that is subjectively
evaluated by the patient in clinical studies. Clinical studies have demon-
strated a 25 to 40% overall placebo response when investigating medica-
tions for pain control (49). Other subjective outcomes, such as hair growth
or a decrease in hair loss for men or women, have also been quite sensitive
to rather notable placebo response rates in clinical trials designed to deter-
mine a drug’s effectiveness for this specific condition (55,56).

ED is usually defined as the persistent inability to achieve or maintain
an erection necessary for sexual performance (57). It has a wide variety of
etiologies and is estimated to affect approx 30 million men in the US alone
(58). Aging and numerous other factors are correlated with this condition.
Currently, numerous treatments exist; however, ED studies that usually
include some subjective self-evaluations are also prone to some rather
large placebo responses (3).

The first effective oral agent for ED, sildenafil (Viagra®), was approved
by FDA in the 1990s. An evaluation of past clinical trials also illustrates that
the placebo response demonstrated in these trials was modest but fairly
consistent. A 24-wk dose-response investigation of 532 men demonstrated
improved erections 56, 77, and 84% of men taking 25, 50, and 100 mg of
sildenafil, respectively (59).

These response rates were significantly larger than placebo, but the pla-
cebo response was a modest and consistent value of 25%. Other clinical
studies have found similar results. A 26-wk investigation of 315 men from
five countries was completed (60), and ED was the result of a wide variety
of causes, such as hypertension, history of pelvic surgery, diabetes, and heart
disease. Approximately 79 to 82% of men taking sildenafil self-reported
improved erectile function, compared with 23 to 24% of men taking placebo
after 12 and 26 wk of intervention. An earlier but similar 12-wk, randomized
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trial of 514 men was completed (61). The etiology of ED was organic in 32%
of men, psychogenic in 25%, and mixed in 43%. Again, a variety of dosages
were tested and erectile function improved in 67 to 86% of men receiving
sildenafil compared with 24% receiving placebo. Partner responses even
mirrored the patient reports in this study. Minimal attention regarding this
consistent and moderate placebo effect from ED clinical trials can be found
in past medical literature. Newer oral agents that have already been approved
in other countries and may soon gain FDA approval for ED, observed pla-
cebo responses of 25 to 41% (62). Interestingly, many of the best selling and
most popular dietary supplements are for conditions that have observed
dramatic placebo response rates (benign prostatic hyperplasia, depression,
ED, hair loss, pain, etc.) from clinical studies (63,65). Two new oral pre-
scribed agents for ED, vardenafil and tadalafil, were approved by the FDA
during the time of this manuscript’s preparation (8), and this fact alone may
spark a dramatic increase in the advertising and promotion of numerous
novel and untested ED dietary supplement compounds.

Clinical trials of female sexual dysfunction (FSD) are not immune to
these apparent placebo effects. A trial of transdermal testosterone therapy
for sexual dysfunction in women postoophorectomy found a placebo
response that was approximately as large or even larger with some sexual
function dimensions vs the lower received dosage of testosterone (66).
An editorial published in the New England Journal of Medicine men-
tioned that the utilization of a placebo in this clinical study was important
because without it, the apparent benefit of the lower-dose testosterone
patch would have been significant (67). Therefore, determining the pre-
cise placebo response rates in ED or another related or unrelated condi-
tion seems to be of primary importance in evaluating the precise effective
dosage of a prescription product.

Surveys or studies attempting to establish the prevalence of ED dietary
supplement use in the US and other countries have not been completed. A
daily rapid search and review of the Internet, magazines, and national
newspapers reveals numerous potential sources whereby the public is able
to purchase a wide variety of ED supplements. It is not possible to analyze
the benefits and detriments of the thousands of supplements that do exist,
but several procedures or compounds seem to be more commonly recom-
mended or found in most of these dietary supplements, and many of these
are listed in this chapter for clinician and patient guidance.

ALTERNATIVE PROCEDURE/THERAPY FOR ED
Acupuncture

Acupuncture has been advocated for a variety of medical conditions
(68–70). China has used some form of this procedure for over 2500 yr, and
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it is currently a component of their health care system. The general theory
behind acupuncture in traditional Chinese medicine supports the thought
that there are circuits of energy flow (Qi) throughout the human body that
are vital for maintaining adequate health. Any potential disruption of this
flow is believed to be responsible for illness or disease. A trained or
licensed acupuncturist can apparently fix inadequate Qi at various loca-
tions close to the skin with the insertion of fine needles or by applying heat
or electrical stimulation at a number of acupuncture points. Auricular
acupuncture may also be used during a specific session, because the ear
in traditional Chinese medicine has a series of sites that represent various
anatomic locations throughout the human body.

Science-based findings that may interpret acupuncture’s effectiveness
is that placing a needle(s) at a specific site(s) may stimulate the nervous
system or physiological pathways to produce and secrete a variety of endo-
genous compounds—opioids, for example—in the muscles, spinal cord,
and brain (70). These compounds may either alter the perception of symp-
toms, or stimulate the production and release of other compounds and
hormones that affect the body’s internal regulating system. The natural
healing potential of the body may also be apparently upregulated with the
use of this procedure. It is also possible that some of the results with
acupuncture may demonstrate symptomatic relief by eliciting nothing more
than a placebo response.

The National Institutes of Health (NIH) published a consensus docu-
ment on acupuncture in November 1997, after a 2 1/2 d conference orga-
nized by the NIH Office of Alternative Medicine and the NIH Office of
Medical Applications of Research (71,72). This unique alternative medi-
cine session gathered numerous experts in the fields of acupuncture, drug
abuse, epidemiology, biostatistics, health policy, pain, physical medicine,
physiology, primary care, and psychiatry. This NIH report basically stated
that the overall effectiveness of acupuncture could be appropriately con-
sidered because of the variety of clinical studies that have already been
completed in this discipline. However, this consensus report also stated
that quality research of acupuncture vs placebo is severely limited and
more randomized trials are needed. The majority of published data are on
traditional needle insertion acupuncture and have not adequately involved
additional forms of apparent synergistic acupuncture stimuli techniques,
such as electrostimulation (electroacupuncture), laser (laser acupuncture),
external pressure (acupressure), or heat (moxibustion). The majority of
the research on acupuncture has focused on its use for acute and chronic
pain relief or the management of pain. The consensus statement also stated
that the evidence does support needle acupuncture’s effectiveness for
relief from two distinct conditions: postoperative pain and chemotherapy-
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induced nausea. There are virtually no large randomized studies to date
that have been published which demonstrate the potentail role of this
treatment in patients experiencing side effects, such as ED from cancer
treatment, or that experience ED from other etiologies.

Adverse effects from this procedure itself have been minimal in the
hands of a well-trained or licensed practitioner. A larger investigation
demonstrated that forgotten needles and transient hypotension were some
of the more common side effects (73). Moderate to severe side effects are
a possibility with an acupuncturist who has received little or improper
training. Pneumothorax and infection from an aseptic procedure is pos-
sible in the hands of the less trained practitioners (74–76). Also, before this
treatment is initiated many patients generally have to self-evaluate whether
or not proper education and training was completed by the specific
practitioner(s) in question. Some states do not require or demand addi-
tional training in acupuncture to perform this procedure. An MD or DO
degree is the only basic requirement, regardless of the clinical background
of the practitioner.

A preliminary and pilot study of the effect of acupuncture in the treatment
of psychogenic ED was completed and presented, but not yet published, in
a peer review journal (77). Ten patients (median age 41.8 yr) were included
in this crossover study. Group 1 (n = 7) received a total of 10 wk of acupunc-
ture (2 sessions/wk) that specifically addressed ED, whereas group 2 (pla-
cebo group, n = 3) was treated for 4 wk with general acupuncture that did not
specifically address ED The patients in group 2 were crossed over into group
1 in the case of placebo nonresponses. It should be noted that prior to acu-
puncture treatment, all of these patients responded to 0.01 mg of Alprostadil
with a full and rigid erection. Overall, seven patients self-reported “good
results” with improvements noted in their sexual performance, and six
patients did not require additional treatment and were self-defined as suc-
cessfully cured. In three cases, acupuncture was not helpful and these
patients were successfully treated with 50 mg of oral sildenafil. This small
preliminary study obviously requires a larger randomized trial to validate
these results, but it seemed worthy of mentioning. Currently, it is not realistic
to determine the true effectiveness of acupuncture for any type of ED. How-
ever, these initial results were interesting, and perhaps it is possible that
acupuncture may have additional benefits beyond a placebo response, but
the possibility of a large placebo response with this procedure needs to be
addressed. For example, acupuncture has garnered some attention for the
relief of hot flashes from prostate cancer treatment, but this study did not
utilize a placebo group (78). Other supplements and alternative procedures
that have reported a dramatic benefit for hot flash reduction from initial
nonplacebo studies have been a major disappointment when large placebo-



Chapter 16 / Prevention and Treatment of ED 349

controlled trials were completed (79). For example, a study of soy pills found
that 36% of patients receiving placebo and only 24% receiving soy pills
reported a hot flash reduction frequency of 50% (80). More patients actually
preferred the placebo at the end of the study compared to the soy pill for hot
flash reduction. Results with vitamin E for hot flashes demonstrated a some-
what similar story and conclusion (81), as did a recent, large, randomized
trial of red clover (“plant estrogen”) pills (82). A recent small and prelimi-
nary randomized trial of acupuncture for lower urinary tract symptoms and
prostate-specific antigen (PSA) reduction observed that it was not superior
to watchful waiting or sham acupuncture over the 12-wk study time (83).The
symptom scores were actually reduced to a greater degree in the sham acu-
puncture group vs the acupuncture group. Therefore, clinicians need to be
extremely careful before recommending acupuncture for ED until some type
of randomized study is published. Perhaps one could argue that patients with
psychogenical ED having nothing to lose when attempting acupuncture in
the hands of a well-trained practitioner, but of course this is would still be
quite controversial until more data is published. Regardless, if a clinician
wants to establish an objective discussion with a patient inquiring about
acupuncture, a summary of its potential uses and limitations for a variety of
medical conditions are provided in Table 1 (68,70,71,77,83).

L-Arginine: An Amino Acid Supplement
and a Potential Precursor to Nitric Oxide

The primary neurotransmitter that mediates penile erection is most likely
the compound nitric oxide (NO) (3,84,85) It is released during non-adren-
ergic, noncholinergic neurotransmission from the endothelium. Within the
muscle itself, NO activates a guanylyl cyclase, which increases the produc-
tion of intracellular levels of cyclic guanosine monophosphate. Cyclic gua-
nosine monophosphate is an intracellular second messenger that mediates
smooth muscle relaxation, activates specific protein kinases that phospho-
rylate specific proteins to cause an opening of potassium channels, and a
closing of calcium channels and an overall sequestration of intracellular
calcium. The decrease in intracellular calcium results in smooth muscle
relaxation, and an increase in the flow of penile blood. L-arginine, an amino
acid, is a precursor to NO. It does seem plausible that an adequate amount
of this precursor via a concentrated pill has the potential to improve ED in
some men. Large sources of dietary nonconcentrated L-arginine do exist in
the food supply. Whether or not these sources improve ED is unknown, but
they may improve cardiovascular function (86), which in turn could theoreti-
cally promote healthy erectile or sexual function. For example, legumes,
whole grains, and a variety of nuts may be a source of several grams or more
of L-arginine daily when consumed in moderate to large amounts (87).
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Three noteworthy, small, pilot clinical studies of L-arginine vs placebo
have been completed to date. The first study was a placebo-controlled clini-
cal trial that used 2800 mg/d of L-arginine for only 2 wk, and found that 40%
of patients had improvement in their erections (88). Actual responders were
younger and had better overall vascular function by hemodynamic investi-
gation vs the nonresponders. The second pilot trial included 1500 mg/d of
L-arginine vs placebo for 2 wk for men with mixed type ED. L-arginine at this
specific dosage did not demonstrate a benefit compared to placebo (89). In
the third small trial, 50 patients were given a high dosage (5 g/d) of L-
arginine or placebo for 6 wk for organic EDs that were mostly the result of
diabetic or arteriogenic etiologies (90). Approximately 31% of the men in
the L-arginine group self-reported an improvement compared with 12% in
the placebo arm. The difference was statistically significant. Additionally,
men who improved were found to have low concentrations of NO in the
urine. The primary side effect was a reduction of systolic and/or diastolic
blood pressure of approx 10% in the L-arginine group. It seems plausible that
men secreting low levels of NO who are willing to take fairly large daily
dosages of L-arginine may observe a benefit. Larger randomized clinical
trials are needed in this area, but currently L-arginine seems to be one of
several possible exceptions to the observation that dietary supplements
currently provide little to no benefit for men with ED. Recent cardiovascular
studies utilizing very large oral dosages (12 g/d) of oral L-arginine vs pla-
cebo for short time periods (3 wk) in hypercolesterolemic men with normal
blood pressures have demonstrated reductions in blood pressure and homo-
cysteine levels (91). The ability of this supplement to improve certain types
of ED seems plausible given its effects on vascular endothelial function, but
whether or not ingesting rather expensive mega-doses of L-arginine for a
long period of time for the prevention or treatment of ED is another issue
entirely that eventually needs to be addressed in the medical literature.

Anabolic Steroid Supplements Androstenedione and DHEA:
Why Are They for Sale OTC, Do They Work
for ED, and Why Not Just Use Testosterone?

Why are anabolic steroid supplements even available for OTC purchase
in the US by individuals of any age? This is the initial question that should
be addressed before discussing the benefits and limitations in detail. The
brief answer to this question is a result of two federal laws and rulings
approved by Congress in the past 15 yr (32). The DSHEA was mentioned
earlier and was easily approved by Congress in 1994. This act allows
virtually any substance to become a dietary supplement as long as the
manufacturer does not make any specific health claims on the label of the
supplement container. More specific to these anabolic supplements is



352 Moyad

the approval of the 1990 Anabolic Steroid Control Act. This act requires
four different criteria be fulfilled before for the removal of any anabolic-
type dietary supplement can occur. These criteria include: (1) Molecular
structure related to testosterone; (2) pharmacology related to testosterone;
(3) cannot be an estrogen, progestin, or orticosteroid; and (4) the substance
cannot promote muscle growth.

Androstenedione (andro) and/or DHEA has a molecular structure and
pharmacology quite similar to testosterone, and it is not an estrogen,
progestin, or corticosteroid. The reason that these supplements are still
available for purchase OTC is because they have not yet clearly demon-
strated muscle enhancement or growth in past clinical trials utilizing
smaller dosages. It seems possible that they promote muscle growth when
higher dosages are used, but these trials either have not been completed
or the initial current findings have not been consistent (92). Therefore,
under current federal law, manufacturers are still allowed to sell these
types of supplements.

Other androgenic–anabolic steroids have demonstrated some positive
effects on muscle size and strength with certain types of resistance training
(93,94). Normally, andro is produced by the gonads and adrenal glands and
can be converted to testosterone (95). This steroid can also be produced by
some plants and has been touted as a “natural” alternative to anabolic
steroid utilization, and as a potential supplement for ED. Several random-
ized trials of short duration have been completed with this supplement to
determine its effects on a variety of body functions.

For example, one trial was conducted in 1998 (96). A total of 30 healthy
young men, ages 19 to 29 with normal testosterone levels were randomly
assigned 300 mg of andro or placebo over an 8-wk period. Significant
increases in testosterone levels did not occur and supplementation had no
effect on muscle size and strength. Individuals in the andro group did
experience an increase in serum levels of estrone and estradiol. These
findings suggested that more aromatization occurred with this supplement
and/or from increasing testosterone levels. The ingestion of this dietary
supplement was also associated with reduced serum levels of high-density
lipoproteins (HDL), or “good cholesterol,” of approx 10%.

Other clinical studies have found similar and other unique effects of
andro dietary supplements (97–102). For example, 42 healthy men, ages
20 to 40, received 100 or 300 mg of andro daily for 7 d vs a similar group
not receiving any supplements (99). The men receiving no supplements or
100 mg of andro demonstrated no significant mean increases in testoster-
one. The group receiving 300 mg experienced a mean increase in testoster-
one of 34%. Estradiol levels increased significantly by 42 and 128% for the
100 mg and 300 mg groups, respectively.
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A short clinical trial of 55 healthy men (30–56-yr-old) utilized either a
100 mg of andro or placebo three times daily for 28 d (101). Total serum test-
osterone and PSA levels were not affected by supplementation. Although,
increases in free testosterone (FT), estradiol, and dihydrotestosterone (DHT)
were observed. Decreases in serum HDL cholesterol also occurred with the
supplemented group. No difference in the perception of mood, health, or
libido occurred between treatment and placebo groups. This has also been
documented in other studies with this and other related supplements (102).

In summary, several randomized trials of andro demonstrated a good
correlation between dosage and estradiol levels and an inverse relation-
ship with HDL levels. Other proposed or potential benefits, such as an
increase in muscle mass or improved sexual function, have not been found
vs placebo. This should be a concern for any individual hoping to utilize
these supplements at any age regardless of their condition, especially
because these supplements may even demonstrate an opposite effect to
what has been touted by some manufacturers. Estrogen has been associ-
ated with some favorable cardiovascular benefits (103), but in men these
increases may also increase the risk of cardiovascular disease (104), gyne-
comastia (105), pancreatic cancer, and other abnormal medical conditions
(106). Reductions in HDL also contribute negatively to cardiovascular
protection (107). It is plausible that with greater andro intake or in men
with baseline-low levels of testosterone, an increase in testosterone can be
observed with these supplements (99,101). However, the combined nega-
tive effects associated with these supplements do not make them a valid
option for most individuals. The results of past short-term clinical trials
should encourage individuals (men and women) to inquire about testoster-
one replacement instead of attempting to consume a supplement that only
provides a precursor to this and other hormones. For example, a small pilot
study (n = 30) of postmenopausal women randomly assigned to a sin-
gle oral dose of 0, 50, or 100 mg of andro was published (108). Large
increases in serum testosterone and estrone levels were observed only
with the 50 or 100-mg dose of andro. This was not surprising given that
these women already had lower levels of these two hormones. Again,
these supplements tend to produce higher quantities of hormones that are
initially low, and have a smaller effect on hormones that are already in the
normal to high range. This demonstrates that testosterone replacement
may be attractive option for some women or men, but more research is
needed (66,67,109).

DHEA Equals Andro?
DHEA supplements belong in the same category and discussion as andro

supplements. These supplements, derived from such plants as the wild
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yam, carry an added potential limiting factor of the requirement to be
converted in a laboratory to produce an actual DHEA-like structure (110).
Many OTC DHEA supplements have not undergone this conversion, and
thus contain minimal to no actual DHEA-specific activity. In postmeno-
pausal women, orally active DHEA increases serum testosterone levels
(111–115). Studies with DHEA also demonstrate increases in estradiol
levels in postmenopausal women and women with panhypopituitarism
(111,112,116). Other potentially potent DHEA supplements contain the
same estrogen producing qualities from past clinical trials with men (117).
Hypogonadal men, or those receiving androgen suppression or luteinizing-
hormone releasing hormone (LHRH) agonist treatment for prostate cancer
may experience a subsequent testosterone increase (flare) or transient symp-
tomatic benefit with DHEA, but other associated negative effects do not
currently make these supplements an attractive option (118,119). Receiv-
ing a precursor to testosterone does not seem to make clinical sense when
just testosterone by itself (if a patient qualifies) seems like the most sensible
and practical approach at this time. An analogy to this situation would be
choosing a precursor to salicylic acid vs aspirin for cardiovascular prophy-
laxis. One does not necessarily substitute one for the other, and the precur-
sor may not be nearly as effective for the condition.

An exception to testosterone replacement lies in men with normal levels
of testosterone, but with potentially low levels of serum DHEA. A small,
randomized trial of men (n = 40) fitting this unique and specific category
was published in 1999 (120.) Men with DHEA sulfate levels below 1.5
μmol/L and normal serum levels of testosterone, dihydro-testosterone
(DHT), prolactin, and PSA, were recruited to ingest 50 mg DHEA/d vs
placebo for 6 mo. All of the men in this study had initially achieved a full
erection with 10 μg of prostaglandin E1, and patients with obvious or well-
known causes of organic ED were also excluded from the study. DHEA
treatment was correlated with higher mean scores for all five domains of
the International Index of Erectile Function (IIEF), despite no increases
in most hormone serum levels or other parameters, except a significant
increase in serum DHEA that began at 8 wk and remained throughout the
treatment’s duration compared to placebo.

An initial significant increase in testosterone also occurred and remained
in the DHEA group, compared to placebo (at 8 wk), but estrogen levels or
lipid markers were not measured in this study. Some men with early
organic or psychogenic ED may benefit from small doses of DHEA. How-
ever, larger randomized trials of greater duration are required. A follow-
up to this study that included more men and more definable etiologies for
ED demonstrated that oral DHEA could potentially benefit men with ED
because of hypertension or without an organic etiology (121).
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Men with diabetes or neurological conditions did not benefit from
DHEA. It is noteworthy that from the Massachusetts Male Aging Study,
the only hormone measured that demonstrated an inverse correlation
with ED was DHEA (122). Overall, these studies are interesting and
further studies should be noteworthy, such as studies that address whether
or not replacement or pharmacological doses of DHEA have any impact
on ED (92).

Ginkgo Biloba—A Circulation Enhancement Supplement:
Good for Demetia and Erectile Function?

Using Ginkgo biloba for ED seems to have garnered some interest in
alternative medicine circles for a number of reasons, including the appar-
ent benefits of this herbal product in other areas of medicine. There is
some clinical evidence that demonstrates Ginkgo extracts can improve
vascular perfusion; however, most of these trials have focused primarily
on its use in dementia, where a specific extract is utilized rather than a
variety of compounds from the plant itself (123–125).

It has been approved in Germany for demetia, and it has some limited
clinical data that it may improve chronic cerebrovascular insufficiency.
No studies to date have been published on the use of Ginkgo for ED
following localized or advanced prostate cancer treatment, but there have
been other relevant studies.

One study included 60 patients who did not respond to papaverine
injections (50 mg or less) and were treated with 60 mg of an extract of
Ginkgo biloba for 12 to 18 mo, but no placebo group was included (126).
Ultrasound techniques detected an improved blood perfusion after 6 to 8
wk in some men, and after 6 mo, 50% of these patients regained erectile
function. In a smaller number, papaverine injections were later success-
ful. The authors concluded the study by mentioning that a randomized
controlled trial was going to be initiated, and the results of their follow-
up study were presented in 1998 (127). The follow-up study was a pla-
cebo-controlled, double-blind, randomized study utilizing 240 mg daily
of an extract of Ginkgo for 24 wk vs placebo for vasculogenic ED. No
significant difference was found between the two groups, which high-
lights the ongoing need for quality randomized studies before recommen-
dations can be proffered. Although Ginkgo still needs to be tested alone
or in combination with other drugs for patients who experience ED from
a variety of etiologies before a definitive conclusion can be made, it is
important to emphasize that there is no current data to support its use for
patients with any type of ED. Perhaps the most disconcerting issue is that
several studies have suggested that Ginkgo may increase bleeding time,
increase the risk of hemorrhages, and further enhance the action of anti-
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coagulants (42,128–130). Further studies need to be completed to confirm
this finding because of its widespread overall use in the population com-
pared with the limited number of observed adverse effects published (131),
but again, for patients it seems that it is better to be safe than sorry.

A clinical study of sexual dysfunction apparently caused by the use of
antidepressants (SSRIs) reported a 91% “relative success” rate in women
(n = 33) and 76% in men (n = 30) when 209 mg/d of Ginkgo extract was
taken daily for approx 1 mo (132). Ginkgo was credited for improving
sexual functions that included enhanced desire, excitement, orgasm, and
resolution. A closer analysis of this study revealed numerous problems
(133). No placebo group was utilized and the apparent overall success
rate was either misinterpreted or miscalculated. The study reported a
success rate of 84%, but when all of these numbers are added, this rate
was approx 68%. The authors also did not document other important
details. There was no report of the treatment success or benefits with the
antidepressant for depression itself. Other current medications that
these patients were taking for other comorbidites were also not listed or
obtained for the publication. The authors concluded that the sexual side
effects “appeared” to be a result of the use of the SSRIs, but no pretreat-
ment evaluation was described or reported, so how the authors arrived at
this conclusion is unknown. Finally, the authors mentioned “no adverse
side effects were reported” with the use of Ginkgo. Again, a closer
evaluation of the data described some adverse effects (headaches, for
example) after ingesting Ginkgo, so again how the authors arrived at
this conclusion is unknown. A similar or adequate comparative clinical
investigation found no improvement in similar patients with Ginkgo com-
pared to a placebo arm (134). Other recent Ginkgo studies utilizing
a placebo for some other non-ED type conditions have also failed to
observe significant or even noteworthy benefits (135). Thus, any previ-
ous data advocating Ginkgo supplements for sexual function improve-
ment or ED is suspect at this time until larger randomized trials are
completed. In addition, the best possible approach for a future clinical
study of ED would be for researchers to utilize the exact same Ginkgo
extract that has been already utilized in clinical trials that demonstrated
some past success for patients with dementia compared to placebo (125).

Korean Red Ginseng:
Another Potential NO Producer
With Initial Promising Studies

Another recent potential exception to the observation that many dietary
supplements do not have initial promising data comes from the supplement
Korean red ginseng (panax ginseng). It is one of the most commonly used
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ginseng products in the US, and many brands are marketed under the name
Panax (136). It has been preliminarily investigated against human immu-
nodeficiency virus (137), and as a potential agent for reducing severe cli-
macteric symptoms or improving mood in postmenopausal women with
some limited positive results compared to placebo (138,139). Other studies
with this herbal product have found that it may contain numerous active
compounds (140), some with antiplatelet and blood thinning potential
(141). It may also improve vascular endothelial abnormalities in hyperten-
sive patients by increasing the concentration of NO (142). A laboratory
investigation of this form of ginseng on rabbit corpus cavernosal smooth
muscle found that it can cause dose-dependent relaxation by increasing
the release of NO from corporal sinusoids, and may increase intracellular
sequestration of calcium (143). A recent laboratory study has confirmed
this previous finding and also found that this product may enhance periph-
eral neurophysiological mechanisms (144). Two small clinical trials of
Korean red ginseng have provided some encouraging results (145,146).
The older trial was published in 1995 and utilized 90 patients with ED that
were divided into three groups of 30 and were given Korean red ginseng,
placebo, or trazodone (145). No significant changes in the frequency of
intercourse, premature ejaculation, and morning erections occurred post-
treatment in any arm. The group taking Korean red ginseng experienced
significant positive changes in a number of other erectile parameters, such
as penile rigidity, penile girth, libido, and patient satisfaction vs the other
groups. Approximately 60% of the patients taking ginseng experienced a
therapeutic benefit vs 30% for the placebo and drug groups. Only responses
of partial ED remission were recorded. Penile hemodynamic changes did
not occur after the administration of this specific form of ginseng. Thus, it
is difficult to currently conclude whether or not ginseng had a noticeable
objective effect without further investigations. Other trials are needed, but
its apparent ability to increase NO levels or reduce fatigue, insomnia, and/
or depression demonstrates that specific compound(s) from this herb may
have some activity for some types of ED or sexual dysfunction (138,144).
Another preliminary trial of Korean red ginseng was recently published
(146). A total of 45 patients with ED without previous treatment were
recruited from a urology clinic in Korea and enrolled in this double-blind,
placebo-controlled, crossover study that consisted of 8 wk of treatment, a
2-wk washout period, and another 8 wk of treatment. The dose of oral
ginseng was 900 mg three times daily. The mean patient age was 54 yr, 70%
of the men had moderate or severe ED as measured by a Korean version of
the IIEF, and organic comorbidities (hypertension, diabetes, dylipidemia)
were found in over 50% of the men. Exclusion criteria included men with
a history of radical prostatectomy, neurological problems, hormonal and
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chemotherapy treatment, Peyronie’s disease, substance abuse. and drugs
that interfere with sexual function. All patients had baseline evaluations
including IIEF self-assessment, measurement of rigidity and tumescence
experienced during audiovisual sexual stimulation, penile duplex ultra-
sound, and response to an intrapenile injection of papaverine, phentola-
mine, and prostaglandin E1. Patients were assessed every 4 wk during the
two 8-wk treatment intervals. Improvement was measured by self-report
on the IIEF and its subscales, and by objective assessments of penile blood
flow, size, and rigidity. Follow-up was complete at 16 wk of treatment. The
study was underpowered to find statistically significant improvement in
some clinical outcomes, such as improvement in orgasmic function or
overall satisfaction for men and their partners. Regardless, the mean IIEF
scores were significantly higher (baseline, 28.0 ± 16.7 to a score of 38.1 ±
16.6 with ginseng) in the ginseng-treated patients compared with placebo
(baseline, 28.0 ± 16.7 to a score of 30.9 ± 15.7), as well as the parameters
of penetration and maintenance. When analyzed individually, scores for
erectile function, sexual desire, and intercourse satisfaction were signifi-
cantly improved with ginseng. Approximately 60% of treated patients
experienced an improvement in erection compared with 20% with placebo.
This places the number needed to treat at 2.5, but caution should be urged
because this is a small study, and no data were reported for partner
satisfaction. Penile tip rigidity (RigiScan) also demonstrated significant
improvement for ginseng compared with placebo. However, another note-
worthy but cautionary finding was the absence of significant difference
recorded for orgasmic function and overall satisfaction between the two
treatments. The authors also commented that the mechanism of action for
ginseng was probably not related to testosterone increases that did not
change significantly during the study. Although it was noted that serum
testosterone normalized in four of the seven patients with a decreased
baseline level after ginseng was received, so more research is needed to
resolve this issue. Other potential mechanisms of action, such as an inhibi-
tory effect on the uptake of -aminobutyric acid, glutamate, dopamine, and
other neurotransmitters along with increased production of NO were prof-
fered as potential mechanisms of action from animal data (147,148). This
small trial offered some support for ginseng for some subjective symptoms
of ED and an enhanced penile tip rigidity, but this supplement still needs
a larger placebo trial to determine its overall role for ED treatment. Regard-
less, this small trial has already generated some positive attention in pri-
mary care medicine, and part of the attention, as explained by some authors,
might be a result of the cost of Korean red ginseng, which is approx ¢6 for
one 500-mg capsule compared with the profoundly higher price of conven-
tional FDA-approved prescribed oral agents (149).
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During the time of the submission of this chapter, another small but
interesting trial of Korean red ginseng was presented. Researchers from
Brazil included 60 men (mild to moderate ED) with a mean age of 53.4 yr
(range 26–74 yr) in a double-blind trial of 3 g/d of Korean red ginseng
compared with placebo for 3 mo (150). Compared with the placebo group,
the group taking Korean red ginseng experienced a significant improve-
ment in the erectile domain score of the IIEF, and to all the questions of this
domain individually, with a maintenance of response during the 3 mo of
follow-up. The percentage of men that felt the treatment with ginseng
improved their erections and sexual intercourse was significantly higher
(66.6%) compared with placebo (18.5%; p < 0.001). Interestingly, the
basal- and 3-mo glucose, cholesterol (total cholesterol and triglycerides),
and hormone levels (testosterone and prolactin) were approx similar for
both agents. The side effects observed in the treatment arm (3.7%) were
headache, insomnia, drowsiness, and spontaneous regression during the
first month. A total of two patients (7.4%) noted delayed ejaculations
during the second and third mo of treatment. Again, this small trial may be
an indication that Korean red ginseng may benefit some men with ED.
However, the presentation did not mention the etiology of ED in these men.

Yohimbine: an Apparent Drug Copycat That Is
Difficult to Find in Most Dietary Supplements

Yohimbine is an indole alkaloid extracted from the bark of West African
yohim trees (151). It is a prescription drug that obtained previous FDA
approval for pupillary dilation. It appeared to produce blood vessel dilation
and increase perfusion, therefore, some researchers began to test its ability
to improve erectile function. It contains some compounds similar to an

-2 adrenoreceptor antagonist with some central and peripheral effects.
Apparently it functions primarily at receptors in brain centers associated
with libido and erections. A meta-analysis of seven randomized trials of
over 400 men with ED from a variety of etiologies found that yohimbine
(15–43 mg/d) was better vs placebo for all forms of ED combined, but its
most apparent improvement occurred with nonorganic ED (152). The most
common adverse effects are palpitations, fine tremor, elevation of diastolic
blood pressure, anxiety, and nausea. Yohimbine should not be recom-
mended for individuals with organic ED because of novel and more effec-
tive ED agents, and its overall effect seems minimal (3).

Yohimbine is also available as an OTC supplement, but it is question-
able whether or not they have any value or contain any of the active ingre-
dients found in the drug yohimbine itself (39,40,153). In 1995, the FDA
found little or no yohimbine in the majority (11 of 18) of yohimbine supple-
ments brands that were tested (153).
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None of the other seven brands contained amounts of yohimbine that
were similar to what has been utilized in past clinical trials. Thus there
seems no current justification for purchasing any dietary supplement that
claims to contain yohimbine. If an individual patient expresses interest
in this compound or combining this drug with other ED treatments, the
potential for using the prescription drug should be the focus of this con-
versation.

Zinc: Hype, Hope, Minimal Medical Evidence,
and a Major Potential Health Concern for Many Individuals?
Dietary supplements with the mineral zinc are used by approx 15% of

the US population (154). This should be a concern because the actual
current recommended government dietary intake of zinc is low and may be
a surprise to some individuals. The current recommended intake levels are
listed in Table 2 along with dietary levels of copper because large doses of
zinc can decrease the concentration of copper in the body, so a proper
balance or intake between the two makes the most sense (155).

The recommended daily allowance (RDA) of zinc is only 11 mg/d for
men, but it seems that some individuals ingest far greater daily quantities
than the RDA (156). The reasons for this discrepancy are not currently
understood, but may include some highly publicized alternative medicine
magazines/books that advocate the use of zinc supplements for everything
from the common cold to ED to cancer. Other potential reasons for greater
zinc intake are the observations from several laboratory studies that zinc
may inhibit the growth and progression of prostate cancer (157–161).

The concentration of zinc in the prostate gland is greater than that in any
other human tissue in the body (162). Zinc levels in prostate cancer are
substantially reduced vs normal prostate tissue, which may lead some

Table 2
Current Government Guidelines for Daily Recommended Dietary

Allowance and Appropriate Intake Levels of Daily Zinc and Copper

Age Zinc (mg) Copper (mcg)

0–6 mo 2 200
7–12 mo 3 220

1–3 yr 3 340
4–8 yr 5 440

9–13 yr 8 700
14–18 yr 11 (male); 9 (female) 890

19 yr or older 11 (male); 8 (female) 900
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individuals to suggest that prostate cancer is actually a state of zinc defi-
ciency that may be corrected or prevented by larger intakes of zinc.

Other laboratory and clinical studies suggest that larger intraprostatic
or serum zinc concentrations may increase the risk or progression of
prostate cancer. For example, zinc promotes the activity of the enzyme
telomerase, which is thought to have a role in the ongoing proliferation
of cancer cells and whose overall activity is increased in prostate cancer
tissue (163,164). Zinc has also demonstrated the ability to abolish the
inhibitory activity of bisphosphonate drugs on prostate cancer cell inva-
sion, which is a serious potential concern (165,166), because these drugs
have demonstrated some ability to impact a variety of cancers (167,168).
Human studies also suggest that higher zinc intakes are positively corre-
lated to circulating levels of insulin-like growth factor-I (169), and test-
osterone (170). Both of these compounds may be related to an increased
risk of prostate cancer.

In summary, several studies have now demonstrated the potential for
zinc to increase prostate carcinoma risk, but perhaps one of the most promi-
nent epidemiological investigations to implicate greater intake of zinc
supplements as one apparent etiology of prostate cancer was recently pub-
lished. This finding was taken from the Health Professionals Follow-Up
Study (156). A total of approx 47,000 US men were included in this pro-
spective investigation. During 14 yr of follow-up, a total of 2901 new cases
of prostate cancer were found and 434 of these cases were diagnosed as
advanced prostate cancer. Researchers found zinc supplement doses equal
to or less than 100 mg/d were not correlated to a risk of prostate cancer.
However, compared with nonusers of these dietary supplements, men that
ingested more than 100 mg/d of zinc supplements had a significantly higher
risk of being diagnosed with advanced prostate cancer (RR = 2.29). Men
that consumed zinc supplements for 10 yr or more also had a significantly
higher risk of being diagnosed with advanced prostate cancer (RR = 2.37).
In this cohort, approx 32% of the total zinc intake was from dietary supple-
ments, which represented the largest source of zinc intake. Other sources,
which were much lower, were from beef (11%) and breakfast cereals (5%).
However, zinc from food sources was not correlated with prostate cancer
risk. Men consuming zinc supplements also consumed more supplemental
calcium, multivitamins, vitamin E supplements, lycopene, iron, copper,
folate, and fish, but consumed less red meat and were less likely to have had
a history of PSA screening compared to nonusers of zinc supplements.
Researchers also attempted to identify any other confounding factors in
this investigation. One analysis restricted the study population to men
reporting lower levels of calcium supplement intake, and adjusting for
intakes of iron, copper, folate, BPH, and other factors, but this had no
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impact on the final results of the study. Therefore, zinc supplements them-
selves were still the most likely etiology from this investigation.

Increased zinc ingestion may also increase the risk of BPH. The impact
of dietary zinc intake on subsequent intraprostatic zinc levels is not cur-
rently known. However, a case-control study from Greece of diet and
BPH observed that greater intakes of dietary zinc had the most significant
correlation with the overall risk of BPH (OR = 1.89) (171). Zinc (mostly
from meat and some seed sources) was more closely correlated with BPH
risk than any other evaluated dietary nutrient, and zinc also strongly
confounded the relationship of saturated fat with the risk of BPH. There-
fore, the suggestion that meat consumption increases the risk of prostatic
disease may be too simplistic. Other factors in meat, such as zinc, may
have a more profound impact. Interestingly, zinc concentration increases
in BPH tissue (162,172–178). Testosterone appears to be involved in the
development of BPH and prostate cancer, and it significantly increases
the concentration of cellular and mitochondrial zinc. Laboratory inves-
tigations have also observed that androgen uptake by the prostate was
significantly increased by the addition of zinc (175). Zinc also appears to
impact the enzyme 5- -reductase in the prostate (179). Whether or not
this is a favorable or unfavorable affect has yet to be researched.

Zinc supplements may be beneficial for a variety of medical conditions
including the common cold (180), acne (181), acute diarrhea (182), pro-
gressive myoclonic epilepsy (183), and Wilson’s disease (abnormal accu-
mulations of copper resulting from an autosomal recessive genetic
mutation) (184,185). However, the negative effects of zinc supplements
may outweigh the potential benefits in many or most individuals, and the
current benefits of zinc supplements for more benign conditions, such as
the common cold, have been challenged by other investigations (186).
Zinc supplements also seem to be associated with other negative affects.
For example, excess zinc intake must be included in the overall differential
diagnosis of sideroblastic anemia (187). The diagnosis of zinc-promoted
copper deficiency can be established from reduced serum copper and ceru-
loplasmin levels along with an increased zinc serum level. Therefore, a
reversible cause of anemia and neutropenia in some individuals may occur
via a reduction or cessation of zinc supplementation.

A small, older clinical study suggested a concern with the ingestion of
larger doses of zinc supplements. Ingestion of 150 mg of elemental zinc
twice a day (300 mg/d total) for only 6 wk in 11 healthy adult men dem-
onstrated general immune dysfunction that began to reverse with the
cessation of the zinc supplements (188). Levels of serum high-density
lipoproteins ( “good cholesterol”) were also significantly decreased, and
levels of low-density lipoproteins ( “bad cholesterol”) were increased in
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these men. These negative effects on cholesterol may have contributed to
the lymphocyte and polymorphonuclear leukocyte abnormalities in this
small investigation. Zinc supplements in large doses may also decrease
antioxidant defense pathways that may be vital to cancer or other disease
prevention (189). Animal studies have also found that zinc may inhibit
the cancer-protective ability related to selenium ingestion (190).

There is minimal evidence that zinc supplements can impact ED. Sev-
eral previous studies have tested zinc supplements on sexual function, but
these mostly included men on kidney dialysis. Some studies demonstrated
a benefit, while in the other studies no benefits were found (191,192).
Patients on dialysis may have a zinc deficiency with hyperprolactinemia
and consuming supplemental zinc may correct this deficiency and produce
greater levels of male hormone (175,193). However, these investigations
cannot provide a proper assessment of what role, if any, zinc has in general
ED treatment. Clinicians should explain to patients that the evidence is not
available and taking zinc supplements can result in numerous adverse
effects.

It is disconcerting that many of the popular alternative medicine books
seem to promote the use of zinc supplements for “prostate health” or
“sexual health” with very little data to support or refute this thought.
Recent and past research not only challenges this thought, but it seriously
questions larger intake of zinc supplements and perhaps dietary zinc.
More research is required in this area. Currently, health professionals
should express to patients concerned with prostate disease, ED, and other
conditions that with few exceptions, the potential for zinc supplements to
promote a serious adverse consequence is plausible. Zinc in many multi-
vitamins seems to be adequate, especially when the RDA level is gener-
ally contained in the supplement, but larger intakes of individual zinc
supplements (�100 mg/d, for example) should be absolutely discouraged
until adequate research resolves this controversial issue.

Other OTC Dietary Supplements:
Looking Into the Present and Future

Numerous dietary supplements have limited clinical data, so it is cur-
rently difficult to evaluate their effect on any form of ED. For example,
Avena sativa is another name for wild oats, oat bran, or oatstraw. It has the
ability to reduce cholesterol and possibly blood pressure (194–197). Sev-
eral dietary supplements for ED tend to contain some concentrations of
Avena sativa, perhaps with the thought that reducing cholesterol levels/
blood pressure or altering the male hormone milieu may impact ED favor-
ably. No specific trials of Avena sativa and ED have been published to date.
Outside of a potential cardiovascular benefit, no comment can be made
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with regard to its efficacy. Numerous other OTC soluble fiber products
(198–200), also with some limited cholesterol-lowering ability, such as
psyllium, pectin, guar gum, and locust bean gum, may make up a portion
of some ED supplements, again with the thought that cholesterol reduction
could lead to enhanced erectile function. However, no clinical trials have
used these specific compounds for ED. Other potential cholesterol-lower-
ing products or supplements, such as soy, may be found in some supple-
ments, but the minimal-to-moderate ability, along with other OTC products
mentioned above, to decrease cholesterol remains controversial (201–203).
It seems that any product that can impact cholesterol (or weight) has the
potential to become a part of some herbal blend for ED in the future, and
the limitations of this marketing decision without appropriate clinical trials
should always be discussed with patients inquiring about these agents.

Tribulus terrestris is a plant that grows in numerous countries around
the world. It contains many unique compounds that have steroid-like or
steroid saponin activity (204–206). A compound called protodioscin can
be extracted from some of these plants under the appropriate conditions
and can apparently be transformed into the compound DHEA (207). Some
initial laboratory investigations have found some activity with this com-
pound for potentially improving erectile function (208,209), but this plant
supplement has failed, at least in initial studies, to change body composi-
tion, enhance exercise, or impact testosterone levels in young men, but it
has demonstrated an ability to increase levels of andro and/or estradiol at
least when combined with other DHEA-like products (98,210). It seems
plausible that somewhat similar results could be expected as have been
observed with andro/DHEA in the past, but specific and adequate clinical
trials addressing their individual impact or other unique effects on hor-
monal levels in hypogonadal men and/or those with ED have not been
published to date.

Other ED supplements, such as damiana (Turnera diffusa) combined
with numerous other herbals, vitamins, and minerals, or other plants and
their extracts, have demonstrated some initial promising results in women
and men (211,212), but larger randomized trials are required to confirm
this efficacy and to determine its safety profile and any potential mecha-
nisms of action.

COMBINING PRESCRIPTION DRUGS
AND SUPPLEMENTS THROUGH ADEQUATE

CLINICAL RESEARCH—THE NEW FRONTIER?

Perhaps one of the most fascinating and exciting potential uses of
dietary supplements for ED may be the potential for some agents to
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enhance some of the available prescription agents for ED In other words,
the potential for a synergistic affect exists from some early preliminary
research. Recent animal studies have suggested that diabetic rats given
a combination of sildenafil and vitamin demonstrated lower activities
of phosphodiesterase-5 activity compared with those rats given sildena-
fil alone (213). Thus, the potential for an antioxidant to enhance the
response of sidenafil in diabetic men seems at least plausible, but clinical
studies are needed. In addition, a recent small study of men with ED as
a result of etiologies not mentioned that did not respond to sildenafil,
were instructed to take 800 International Units and 5 mg of folic acid
daily along with 50 to 100 mg of sildenafil when necessary (214). The
response to this therapy was evaluated at a 6 to 12 wk interval. A total of
124 sildenafil nonresponders were included in this study. The mean age
of the participants was 57.2 yr. Researchers found that 59 (89.4%) of
these men chose this combined regimen and three chose sildenafil only.
Interestingly, a total of 36 (61%) men had a partial or complete response
to this regimen, with 32 men (88.9%) reporting excellent/satisfactory
results. A total of 17 men (28.8%) reported a poor response, four men
(6.8%) reported a moderate response, and six men (10.2%) did not use
the dietary supplement regimen or sildenafil. Among men that did not
respond to the supplement regimen with sildenafil, a total of eight men
responded to further treatments, such as intracaversonal injection (six
men), testosterone (one man), and a penile implant (one man). An impres-
sive 84.7% of the original nonresponders were actually salvaged using
the dietary supplement and/or salvage treatments. No side effects were
found or reported in the vitamin E and folic acid group. A placebo-
controlled trial is needed, but the potential for these dietary supplements
to enhance the response to a conventional drug does seem intriguing. In
fact, a recent cardiovascular study of patients postangioplasty found that
individuals taking a supplement that included 1 mg/d of folic acid, 400
mcg/d of B12, and 10 mg/d of B6 compared to placebo had a lower risk
of another procedure, fewer deaths, and nonfatal myocardial infarctions
after 1 yr of study (215). Thus, the potential for antioxidants to improve
vessel patency exists, which can be indirectly translated to studies of men
with ED that have at least a vasculogenic etiology. Other potential com-
binations of supplements and drugs, such as L-arginine and yohimbine,
also demonstrated some efficacy for ED patients in a smaller trial (216),
but more studies utilizing these supplements and many others are needed
because other unique combinations of supplements alone have not nec-
essarily provided a benefit in some trials (217). Regardless, minimal
research has been completed in this area and more definite answers will
only be achieved through adequate research.
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CONCLUSIONS

It seems naïve to steadfastly believe that some plants/herbs do not con-
tain specific compounds that could benefit ED. However, many supple-
ments have not been investigated in a laboratory or clinical research setting
prior to commercial sale, and this will generally set up a large and poten-
tially complex situation. If efficacy is demonstrated or not demonstrated
through adequate research, then this benefit or lack of benefit cannot be
advertised or mentioned on the label. Also, the public and clinicians cannot
be made acutely aware of which compounds or supplements are indeed
effective if no general standards for sale currently exist under the present
guidelines. Dietary supplements have received and enjoyed a tremendous
amount of publicity. The large and growing market that exists for ED
treatment seems to have been the partial impetus for numerous supple-
ments to advertise and promote apparent benefits with their product(s).
Whether or not many of these dietary supplements have merit is currently
questionable. Some supplements may actually provide the opposite result
of what is touted in advertising. Other supplements may be enjoying the
overall benefits of the placebo effect. Because a general placebo response
of 25 to 50% has been recorded in past clinical trials with effective agents,
it is not difficult to understand why some supplements continue to enjoy
tremendous financial success despite the limited research espousing their
actual use. In other words, if 1 to 2 out of four individuals or one of every
three individuals who try a dietary supplement actually derive some ben-
efit for their ED, the market for these supplements will still remain extraor-
dinary. On a larger scale this means that of 100,000 men who try a
supplement, approx 25,000 to 50,000 will claim some success with any
particular agent in question. The challenge for clinicians is to properly
discuss the placebo response and the need for good research before
any intervention, especially when supplements can be advocated for gen-
eral public use. Table 3 provides a summary of some of the more popular
ED supplements and some general conclusions that can be derived from
past clinical investigations.

There seems to be little doubt that at least some dietary supplements
may, in the near future, have some active ingredient or impact those with
certain types of ED in a favorable manner. Another novel and exciting
future area of dietary supplement research is the ability of certain agents
to have a synergistic effect with prescription agents for ED, thereby
improving the response rates in men that have initially failed approved ED
therapy, especially with oral agents. Regardless, randomized clinical trials
are still the most direct route of determining which specific dietary supple-
ments will or will not become a part of conventional medicine. Therefore,
more randomized trials for dietary supplements are desperately needed,



Chapter 16 / Prevention and Treatment of ED 367

367

T
ab

le
 3

A
 S

um
m

ar
y 

of
 A

lt
er

na
ti

ve
 T

he
ra

pi
es

 a
nd

 C
om

m
er

ci
al

ly
  A

va
ila

bl
e 

E
D

 S
up

pl
em

en
ts

 (
Fr

om
 A

–Z
)

E
D

 a
lt

er
na

ti
ve

/s
up

pl
em

en
t

O
ve

ra
ll

 e
vi

de
nc

e

A
cu

pu
nc

tu
re

P
sy

ch
og

en
ic

 E
D

. N
ee

ds
 a

 r
an

do
m

iz
ed

 tr
ia

l.
A

nd
ro

st
en

ed
io

ne
/D

H
E

A
In

cr
ea

se
s 

es
tr

ad
io

l 
an

d 
po

ss
ib

ly
 t

es
to

st
er

on
e 

in
 m

en
 w

it
h 

no
rm

al
 t

es
to

st
er

on
e 

le
ve

ls
, a

nd
lo

w
er

s 
H

D
L

 b
y 

an
 a

ve
ra

ge
 o

f 
10

%
. M

ay
 i

nc
re

as
e 

te
st

os
te

ro
ne

 d
ra

m
at

ic
al

ly
 i

n 
hy

po
go

na
da

l
m

en
. M

ay
 p

ro
vi

de
 a

 b
en

ef
it

 f
or

 n
on

or
ga

ni
c 

E
D

 a
nd

 o
th

er
s 

in
 m

en
 w

it
h 

su
bo

pt
im

al
 l

ev
el

s 
of

th
es

e 
pr

ec
ur

so
rs

 o
nl

y.
G

in
kg

o 
bi

lo
ba

M
ay

 h
av

e 
a 

bl
oo

d 
th

in
ni

ng
 e

ff
ec

t (
be

 c
ar

ef
ul

).
 L

ac
ks

 a
ny

 b
en

ef
it

 th
us

 f
ar

 in
 a

 s
m

al
l n

um
be

r 
of

st
ud

ie
s 

w
it

h 
m

en
 w

it
h 

E
D

.
K

or
ea

n 
re

d 
gi

ns
en

g
T

hr
ee

 p
re

li
m

in
ar

y 
tr

ia
ls

 s
ug

ge
st

 a
 p

ot
en

ti
al

 b
en

ef
it

 f
or

 m
en

 w
it

h 
E

D
. H

ow
ev

er
, q

ua
li

ty
 c

on
tr

ol
   

 (
P

an
ax

 g
in

se
ng

)
is

 a
 s

er
io

us
 is

su
e 

w
it

h 
th

is
 s

up
pl

em
en

t a
nd

 m
or

e 
ra

nd
om

iz
ed

 tr
ia

ls
 a

re
 n

ee
de

d.
L
-A

rg
in

in
e

A
 p

re
cu

rs
or

 to
 n

it
ri

c 
ox

id
e 

(N
O

).
 H

ig
h 

do
se

s 
m

ay
 b

en
ef

it
 a

 m
in

or
it

y 
of

 m
en

 th
at

 s
ec

re
te

 lo
w

le
ve

ls
 o

f 
N

O
. M

ay
 lo

w
er

 b
lo

od
 p

re
ss

ur
e.

 N
ee

ds
 m

or
e 

ra
nd

om
iz

ed
 tr

ia
ls

.
Y

oh
im

bi
ne

S
up

pl
em

en
ts

 p
ro

ba
bl

y 
co

nt
ai

n 
li

tt
le

 to
 n

o 
yo

hi
m

bi
ne

. P
re

sc
ri

pt
io

n 
fo

rm
 is

 b
es

t a
nd

 m
ay

 b
en

ef
it

so
m

e 
w

it
h 

ps
yc

ho
ge

ni
c 

E
D

. C
an

 c
au

se
 s

er
io

us
 s

id
e 

ef
fe

ct
s.

Z
in

c
M

ay
 b

en
ef

it
 o

nl
y 

th
os

e 
w

it
h 

a 
se

ve
re

 z
in

c 
de

fi
ci

en
cy

. O
th

er
w

is
e 

th
er

e 
is

 a
 la

ck
 o

f 
da

ta
, a

nd
 h

ig
h

do
sa

ge
s 

ca
n 

be
 d

an
ge

ro
us

 a
nd

 im
m

un
os

up
pr

es
iv

e.
O

th
er

 S
up

pl
em

en
ts

A
ve

na
 s

at
iv

a 
an

d 
ot

he
r 

po
te

nt
ia

l c
ho

le
st

er
ol

 a
nd

 b
lo

od
 p

re
ss

ur
e 

re
du

ce
rs

, a
nd

 T
ri

bu
lu

s 
te

rr
es

tr
is

(p
re

cu
rs

or
 to

 D
H

E
A

?)
 n

ee
ds

 c
li

ni
ca

l t
ri

al
s.

 A
 r

ec
en

t s
tu

dy
 o

f 
a 

C
hi

ne
se

 h
er

ba
l c

om
bi

na
ti

on
de

m
on

st
ra

te
d 

no
 im

pa
ct

 o
n 

se
xu

al
 f

un
ct

io
n 

vs
 p

la
ce

bo
.

A
nt

io
xi

da
nt

s 
in

 c
om

bi
na

ti
on

F
ol

ic
 a

ci
d 

+
 v

it
am

in
 E

 m
ay

 e
nh

an
ce

 th
e 

re
sp

on
se

 to
 s

il
de

na
fi

l i
n 

m
en

 th
at

 f
ai

le
d 

to
 in

it
ia

ll
y

   
 w

it
h 

or
al

ly
 a

pp
ro

ve
d 

F
D

A
re

sp
on

d 
to

 s
il

de
na

fi
l. 

O
th

er
 o

ra
l d

ru
gs

 +
 a

 v
ar

ie
ty

 o
f 

ot
he

r 
su

pp
le

m
en

ts
, e

.g
., 

yo
hi

m
bi

ne
 a

nd
   

 m
ed

ic
at

io
ns

ar
gi

ni
ne

, m
ay

 e
nh

an
ce

 e
re

ct
il

e 
re

sp
on

se
. L

ar
ge

 p
la

ce
bo

-c
on

tr
ol

le
d 

tr
ia

ls
 a

re
 n

ee
de

d 
in

 th
is

 a
re

a
to

 s
up

po
rt

 o
r 

re
fu

te
 th

es
e 

re
ce

nt
 o

bs
er

va
ti

on
s.

D
H

E
A

, d
eh

yd
ro

ep
ia

nd
ro

st
er

on
e;

 E
D

, e
re

ct
il

e 
dy

sf
un

ct
io

n;
 F

D
A

, F
oo

d 
an

d 
D

ru
g 

A
dm

in
is

tr
at

io
m

n;
 H

D
L

, h
ig

h-
de

ns
it

y 
li

po
pr

ot
ei

n.



368 Moyad

which means that more money or funding needs to be made available for
ED studies that are testing alternative agents so that they may at least have
the opportunity to become a part of the mainstream milieu. Indeed, the next
few years of research should bring enormous excitement and objectivity to
this area of medicine.
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INTRODUCTION

Rapid ejaculation is one of the most common male sexual disorders
and has been estimated to occur in 4 to 39% of men in the general com-
munity (1–5). The Diagnostic and Statistical Manual of Psychiatry (DSM-
IV) defines it as “persistent or recurrent ejaculation with minimal sexual
stimulation before, on, or shortly after penetration and before the person
wishes it ...” which is associated with “...marked distress or interpersonal
difficulty...” (6). Most of the community-based epidemiological studies
employ inconsistent and poorly validated definitions of rapid ejaculation
and true normative data is lacking. The true prevalence of rapid ejacula-
tion cannot be determined without conducting a large community-based,
age-ranging study involving stopwatch timing of the intravaginal ejacu-
lation latency time (IELT), and regarding rapid ejaculation as ejaculation
within 1 min of intromission.
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PHYSIOLOGY OF EJACULATION

There are three basic mechanisms involved in normal antegrade ejacu-
lation—emission, ejection, and orgasm (Table 1) (7).

Ejaculatory dysfunction can result from disruption at any point in this
cascade of events. Emission is the result of a sympathetic spinal cord reflex
initiated by genital and/or cerebral erotic stimuli (Fig. 1).

Emission involves the sequential contraction of accessory sexual organs
and the sensation of emission is a result of distension of the posterior
urethra. There is considerable voluntary control of emission (7). As the
sensation of ejaculatory inevitability increases, voluntary control progres-
sively decreases until a point at which ejaculation cannot be stopped is
reached. Ejection also involves a sympathetic spinal cord reflex over which
there is limited voluntary control. Ejection involves bladder neck closure
to prevent retrograde flow, rhythmic contractions of bulbocavernous,
bulbospongiosus and other pelvic floor muscles, and relaxation of the
external urinary sphincter. Intermittent contraction of the urethral sphinc-
ter prevents retrograde flow into the proximal urethra (8). Orgasm is the
result of cerebral processing of pudendal nerve sensory stimuli resulting
from increased pressure in the posterior urethra, sensory stimuli arising

Table 1
The Three Mechanisms of Normal Antegrade Ejaculation

Emission

• Sympathetic spinal cord reflux (T10–L2).
• Genital and or cerebral erotic stimuli with considerable voluntary control.
• Peristaltic contraction of epididymis and vas deferens.
• Contraction of seminal vesicles and prostate.
• Expulsion of spermatozoa/seminal/prostatic fluid into posterior urethra.
• Ejaculatory inevitability sensation resulting from distension of posterior urethra.

Ejection

• Paraympathetic spinal cord reflex (S2–S4).
• Limited voluntary control.
• Rhythmic contractions of bulbocavernous/pelvic floor muscles.
• Bladder neck closure.
• Relaxation of external urinary sphincter

Orgasm

• Build-up and release of pressure in posterior urethra.
• Smooth muscle contraction of accessory sexual organs and urethral bulb.
• Sensation owing to cerebral processing of pudendal nerve sensory stimuli.
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from the veramontanum, and contraction of the urethral bulb and accessory
sexual organs.

DEFINING RAPID EJACULATION

The first report of rapid ejaculation in the medical literature appeared in
1887 (9). In 1901, Von Krafft-Ebing described a case of abnormally rapid
ejaculation (10). The first use of the term ejaculatio praecox was attributed
to Abrahams in 1917 (11). The current classification of rapid ejaculation
into primary (lifelong) and secondary (acquired) forms evolved from the
initial suggestion by Schapiro in 1943 that rapid ejaculation was a psycho-
somatic disturbance (12). He proposed that rapid ejaculation was the result
of a combination of a psychologically overanxious personality and “an
inferior ejaculatory apparatus as a point of least resistance for emotional
pressure.” The behavioristic view that chronic rapid ejaculation was the
result of performance anxiety related to a disturbing initial episode of rapid
ejaculation was first proposed by Masters and Johnson (13). Most of the
behavioral treatments currently used are based on this premise.

Fig. 1. 1. Nerves involved with emission and ejection. Sympathetic nerves from T10-
L2 innervate the vas deferens, prostate, and bladder neck. Contraction results in
emission and bladder neck closure. 2. Somatic nerve fibers in the pudendal nerve arise
fom S2–S4 and innervate the pelvic floor musculature, the contraction of which causes
forceful ejection.
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Over the past 15 yr, an increasing number of publications have reported
the pharmacological treatment of rapid ejaculation with a variety of dif-
ferent medications which act either centrally or locally to retard the
psychoneurological control of ejaculation and subsequent orgasm. It is
well-established that major tranquillizers, such as the phenothiazine,
Melleril, and the selective serotonin reuptake inhibitor drugs (SSRIs),
retard ejaculation significantly and will, in a small percentage of men,
result in anejaculation (14–16). The efficacy of these drugs in delaying
ejaculation combined with the low-side effect profile made them first
choice agents for rapid ejaculation on a daily, as well as an on-demand,
basis (17,18). At the same time, animal and sexual psychopharmacologi-
cal human studies attributed a serotonergic genesis and possible genetic
etiology to the neurobiological view of rapid ejaculation (19–22).

Medical literature contains several one-dimensional and multidimen-
sional operational definitions of rapid ejaculation. The lack of agreement
as to what constitutes rapid ejaculation has hampered basic and clinical
research into the etiology and management of this condition. Quantita-
tive measures of intercourse, such as the IELT, the number of thrusts
between penetration and ejaculation, the extent of partner sexual satis-
faction, and the patient’s assessment of his voluntary control over ejacu-
lation have been described. All definitions of rapid ejaculation assume
heterosexual intercourse initiated by the male partner and are limited to
actual sexual intercourse, ignoring other forms of noncoital sexual ex-
pression.

Number of Thrusts
Operationalization of rapid ejaculation using the quantifiable and objec-

tive number of intravaginal thrusts between penetration and ejaculation has
been reported by several authors (23,25–28). Segraves et al. proposed ejacu-
lation prior to eight thrusts as a standard definition of rapid ejaculation,
whereas Fanciullacci et al. suggested 15 thrusts as a more appropriate
defining limit (24,28).

These definitions were subjective, had neither a rational nor empirical
basis, and no normative data was presented.

IELT
Operationalization of rapid ejaculation using the length of time between

penetration and ejaculation, the IELT forms the basis of most current clini-
cal studies on rapid ejaculation. There is considerable variance of the
latencies used to identify men with rapid ejaculation with IELTs ranging
from 1 to 7 min, and none of the definitions offer any supportive rationale
for their proposed cut-off time or normative data (29–37). Waldinger et al.
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reported IELTs of less than 30 s and less than 60 s in 77 and 90% of 110
men with premature ejaculation (PE), respectively (38). (Fig. 2).

McMahon et al. reported similar results in 1346 consecutive men with
rapid ejaculation and mean IELT of 43.4 ± 40.8 seconds (39). Ejaculation
ante portas (during foreplay) occurred on the majority of occasions in
5.6% of men. Lifelong rapid ejaculation was present in 736 men (74.4%),
and acquired rapid ejaculation was present in 253 men (25.6%).

Partner Satisfaction
The inability to control and defer ejaculation until the female partner

was sexually satisfied on at least 50% of intercourse attempts was pro-
posed as a definition of rapid ejaculation by Masters and Johnson (13).
Although the sexual pleasure of both partners must be considered when
assessing the extent of sexual dysfunction, an inherent problem exists in
defining a man as dysfunctional based on the sexual responsivity of his
partner. What constituted sexual satisfaction was not defined and no ratio-
nale is offered for the 50% cutoff figure. This definition implies that any
male whose female partner has difficulty in reaching orgasm should be
labelled as a rapid ejaculator. Furthermore, it suggests that female partners
should achieve orgasm in 50% of intercourse episodes, which is at odds
with the report that only 30% of women achieve orgasm during sexual
intercourse regardless of the extent of their partner’s ejaculatory control
and latency.

Fig. 2. Intravaginal ejaculation latency time measure with a stopwatch in 110 men
with lifelong premature ejaculation, of whom 90% ejaculated within 1 min of vaginal
penetration, 80% of whom ejaculated within 30 s (67). IELT, intravaginal ejaculation
latency time.
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Voluntary Control

Kaplan and other authors have suggested that an inability to voluntarily
defer ejaculation defines rapid ejaculation (25,40–42). This definition has
yet to be adequately operationalized to allow comparison across subjects
or across studies. Grenier and Byers failed to demonstrate a strong corre-
lation between ejaculatory latency and subjective ejaculatory control
(5,43). They reported that some men with a brief ejaculatory latency time
reported adequate ejaculatory control and vice versa, and concluded that
the dimensions of ejaculatory control and latency are distinct concepts.
Contrary to this, Waldinger et al. reported a moderate correlation between
the IELT and the feeling of ejaculatory control (44).

The use of a combination of the control and latency dimensions was first
reported by Strassberg et al. (31) in 1990, and forms the basis of the DSM-
IV definition of rapid ejaculation.

Although this approach is somewhat of an improvement over previous
definitions in that it acknowledges that rapid ejaculation may have aspects
of both control and latency, the lack of operationalization of the control
dimension, and the lack of guidelines offering a rationale for the use of age,
novelty, situation, or frequency of sexual activity diagnosing rapid ejacu-
lation. limits its application.

The lack of a reliable operational definition for rapid ejaculation severely
limits clinical research into the understanding of rapid ejaculation. Studies
that fail to define rapid ejaculation offer meaningless or difficult-to-inter-
pret results. The lack of a universally accepted, operationalized definition
makes comparison of different studies difficult or impossible, as experi-
mental group subjects in one study may very well have been placed in the
control group of a second study. The ability to compare study results and
generalize study results requires the development of a uniform, operation-
alized, multivariate definition of rapid ejaculation including the dimen-
sions of latency and control. Both dimensions should be defined, measuredm
and analyzed as continuous variables without arbitrary cutoff values. The
development of a nomogram of age-specific latency and degree of ejacula-
tory control is an integral part of the development of clinical research in
ejaculatory dysfunction.

THE ETIOLOGY OF RAPID EJACULATION

Historically, attempts to explain the etiology of rapid ejaculation has
included a diverse range of biogenic and psychological theories (Figs. 3
and 4).

Most of these proposed etiologies are speculative and not evidence-
based. Psychological theories include the effect of early experience and
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sexual conditioning, anxiety, sexual technique, the frequency of sexual
activity, and psychodynamic explanations. Biogenic explanations include
evolutionary theories, penile sensitivity, central neurotransmitter levels
and receptor sensitivity, degree of arousability, the speed of the ejaculatory
reflex, and the level of sex hormones. The lack of an operationalized defi-
nition for rapid ejaculation, and the presence of methodological problems
related to the inadequate definitions used are common flaws in the majority
of these studies.

Fig. 4. Proposed psychosocial etiologies of premature ejaculation.

Fig. 3. Proposed biogenic etiologies of premature ejaculation.
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Anxiety
Anxiety has been reported as a cause of rapid ejaculation by multiple

authors and is entrenched in the folklore of sexual medicine as the most
likely cause of rapid ejaculation despite scant empirical research evidence
to support any causal role (25,26,42,45,46). Several authors have sug-
gested that anxiety activates the sympathetic nervous system and reduces
the ejaculatory threshold as a result of an earlier emission phase of ejacu-
lation (25,45). Strassberg et al. failed to demonstrate any difference in
sexual anxiety between a control group of men with normal ejaculatory
control and men with rapid ejaculation (31).

The possibility that high levels of anxiety and excessive and control-
ling concerns about sexual performance and potential sexual failure might
distract a man from monitoring his level of arousal and recognizing the
prodromal sensations that precede ejaculatory inevitability has been sug-
gested as a possible cause of rapid ejaculation by several authors (25,42,
46,47). The causal link between anxiety and rapid ejaculation is specula-
tive, is not supported by any empirical evidence, and is, in fact, contrary
to empirical evidence from other researchers.

Early Sexual Experience
Masters and Johnson were the first of several researchers to suggest that

early sexual experiences characterized by anxiety and rush might condi-
tion men to develop a subsequent pattern of rapid ejaculation (13,48).
However, no empirical evidence was offered to support this hypothesis,
and no distinction was made between men with lifelong rapid ejaculation
and men with acquired rapid ejaculation.

Frequency of Sexual Intercourse
The evidence to support a link between ejaculatory control and fre-

quency of sexual activity is conflicting. Speiss reported that the frequency
of sexual activity in men with rapid ejaculation is lower than age-matched
controls with normal ejaculatory control, whereas Strassberg failed to
demonstrate any relationship (30,32). The observation that men with rapid
ejaculation may develop a pattern of sexual avoidance may also explain
this observed reduced frequency of sexual intercourse, indicating that the
polarity of the relationship between rapid ejaculation and frequency of
sexual activity remains undetermined (49).

Ejaculatory Control Techniques
Zilbergeld suggested that some men with ejaculatory control might

consciously learn a variety of effective sexual techniques for deferring
ejaculation during their early sexual experiences and unconsciously use
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those techniques later (42). Data to support this hypothesis are weak and
studies to evaluate the use and effectiveness of control techniques in men
with rapid ejaculation is lacking.

Evolutionary
Hong suggested that rapid ejaculation was the result of evolutionary

natural selection, arguing that rapid copulation allowed copulation with
more females with transmission of a possible genetic basis for rapid ejacu-
lation to more offspring (50). The observation that primate courtship and
sexual contact are often extended is inconsistent with this hypothesis (51).

Psychodynamic Theories
Abraham was the first to suggest a psychodynamic basis of rapid ejacu-

lation. He theorized that rapid ejaculation was the adult manifestation of
unresolved and excessive narcissism during infancy that resulted in exag-
gerated importance being placed on the penis and the associated pleasure
of urination (52).

He offered no empirical basis for this theory, and subsequent studies by
other authors have failed to demonstrate any evidence for his narcissism
hypothesis (12).

Penile Hypersensitivity
Multiple authors have proposed that men with rapid ejaculation have

hypersensitive penises, and either reach ejaculatory threshold more rap-
idly, or have a lower ejaculatory threshold than men with normal ejacula-
tory control (12,31,52,53). A limitation of the universal applicability of
this theory is its inability to explain acquired rapid ejaculation. Xin et al.
demonstrated that men with rapid ejaculation have lower biothesiometric
vibration perception thresholds and significantly shorter mean somatosen-
sory-evoked potential latency times of the glans and penile shaft than
controls (54,55). However, Paick et al. and Rowland were unable to repro-
duce these findings, reporting no significant statistical differences between
normal controls and patients with primary rapid ejaculation (56,57).

Hyperexcitable Ejaculatory Reflex
Several authors have suggested that rapid ejaculation is the result of a

defective and rapid ejaculatory reflex with either a faster emission or expul-
sion phase (23,28,58,59). Several authors have reported a link between
rapid ejaculation and a malfunctioning bulbocavernosal reflex. The bulb-
ocavernosus muscle surrounds the urethral bulb and is one of several
muscles responsible for the expulsive phase. This hypothesis lacks a firm
physiological basis, as the emission phase of the ejaculatory process has
already started by the time the bulbocavernosus muscle contracts.



388 McMahon

Arousability

Laboratory studies using solitary stimulation during audiovisual stimu-
lation have failed to demonstrate greater, more frequent, or more rapid
arousal in men with rapid ejaculation compared with a control group of
sexually nondysfunctional men (30).

Endocrinopathy

Although there are several reports of a possible link between rapid
ejaculation and levels of sexual hormones, a careful review of the pub-
lished literature fails to confirm any causal link (60,61,62).

Genetic Predisposition

Schapiro first reported a familial predisposition to rapid ejaculation in
1943 (12). Waldinger reported that 10 of 14 first-degree male relatives of
men with lifelong rapid ejaculation also suffered from rapid ejaculation
with an IELT of less than 1 min (22). Based on this small study, the odds
ratio of a familial occurrence of rapid ejaculation far exceeds the incidence
in the general community and supports Schapiro’s contention that rapid
ejaculation may have a genetic basis.

Serotonin (5-HT) Receptor Sensitivity

The current understanding of the functional neuroanatomy and the role
of central serotonin and dopamine neurotransmission in ejaculation are
based on male rat studies. The hypothalamic medial preoptic area (MPOA)
and the medullary nucleus paragigantocellularis (nPGI) in the ventral
medulla have pivotal roles in the central control of ejaculation (Fig. 5)
(63,64).

Electrical stimulation of or microinjection of dopamine agonists into the
MPOA promotes ejaculation (65). It has been suggested that descending
serotonergic pathways from the nPGI to the lumbosacral motor nuclei
tonically inhibit ejaculation, and that disinhibition of the nPGI results in
ejaculation (66).

Five types of dopaminergic receptors have been identified and 16
types of human 5-HT receptors have been identified. Studies using highly
selective 5-HT receptor agonists and antagonists identified a pivotal role
of 5-HT2C and 5-HT1A receptors in the central control of ejaculation.

Stimulation of the 5-HT2C receptors in male rats with nonselective
5-HT2C agonists, such as D-lysergic acid diethylamide, delays ejaculation
(67). Contrary to this, activation of postsynaptic 5-HT1A receptors by
the selective 5-HT1A receptor agonist 8-hydroxy-2-(di-n-propylamino-
tetralin) in male rats facilitates ejaculation (67).



Chapter 17 / Management of Rapid Ejaculation 389

Waldinger et al. hypothesized that lifelong rapid ejaculation in humans
may be explained by either hyposensitivity of the 5-HT2C and/or hyper-
sensitivity of the 5-HT1A receptor (68). Therefore, men with low 5-HT
neurotransmission and probable 5-HT2C receptor hyposensitivity may
have their ejaculatory threshold genetically “set” at a lower point and
ejaculate quickly with minimal stimulation, often prior to reaching their
erectile threshold. Men with a genetically determined higher set point can
sustain longer and higher levels of sexual stimulation and can exert more
control over ejaculation. Finally, men with a very high set point may
experience delayed or absent ejaculation despite prolonged sexual stimu-
lation and achieving a full erection (69). Treatment with an SSRI-class
drug will activate the 5-HT2C receptor, adjust the ejaculatory threshold set
point, and delay ejaculation. The extent of ejaculatory delay may vary
widely in different men according to the dosage and frequency of admin-
istration of SSRI, and the genetically determined ejaculatory threshold set
point. Cessation of treatment results in re-establishment of the previous set
point within 5 to 7 d in men with lifelong rapid ejaculation.

Fig. 5. The ejaculatory reflex comprises sensory receptors and areas, afferent path-
ways, cerebral sensory areas, cerebral motor centers, spinal motor centers, and effer-
ent pathways. MPOA, medical preoptic area; PVN, paraventricular nucleus; nPGi,
nucleus paragigantocellularis. (Adapted from ref. 67.)
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TREATMENT

Psychosexual Counselling

In many marriages, rapid ejaculation causes few, if any, problems. In
others, the couple may reach an accommodation of the problem through
various strategies—young men with a short refractory period may often
experience a second and more controlled ejaculation during an episode of
lovemaking, whereas many other men with rapid ejaculation learn to help
their spouse reach an orgasm manually or orally. Frequently, however,
rapid ejaculation eventually leads to significant problems in the relation-
ship: the spouse comes to feel the sexual relationship is completely one
sided, regards their husband as selfish, and develops a pattern of avoiding
intercourse.

The cornerstone of treatment is the Seman’s “stop-start” maneuver (59).
The Seman’s maneuver was designed to teach men with rapid ejaculation
to monitor the sensations immediately premonitory to orgasm, and reduce
or slow their thrusting sufficiently in order to allow the sensations to sub-
side. The Seman’s maneuver was modified by Masters and Johnson, who
encourage the woman to give the penis a hard squeeze for 3 or 4 s at the
level of the frenulum and the coronal ridge when the man signals aware-
ness of sensations premonitory to orgasm (26). As most men with rapid
ejaculation are aware of their anxiety and the sources of that anxiety tend
to be relatively superficial, treatment success with the Seman’s maneuver
or Master’s and Johnson’s squeeze technique is relatively good in the short
term. However, convincing long-term treatment outcome data are lacking
(70,71).

Many men decline psychosexual counselling for a variety of reasons.
Men may regard attending a psychiatrist or psychologist as stigmatized,
may be unable to devote the time required to attend several counselling
sessions, or may demand a quicker response than psychosexual counsel-
ling is reported to offer. Optimal results are highly dependent on the
participation of the sexual partner in the counselling sessions—many
men do not have a current partner or may have a noncompliant sexual
partner. Clearly, a significant treatment “hiatus” exists in the manage-
ment of rapid ejaculation that may be filled by alternate noncounselling
treatment methods.

Pharmacological Treatment

Rapid ejaculation may be treated pharmacologically with a variety of
different medications which act either centrally or locally to retard the
psychoneurological control of ejaculation and subsequent orgasm. It is
well-established that major tranquillizers, such as the phenothiazine (72),
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Melleril, and antidepressants, particularly members of the SSRI class,
will retard ejaculation significantly and, in a small percentage of men,
result in anejaculation (14–16). Deveaugh-Geiss et al. reported a com-
plete failure of ejaculation in 42% of 520 depressed patients treated with
clomipramine (15). Monteiro et al. reported a similar incidence with
clomipramine (33%), whereas Patterson reported a 75% incidence of
anejaculation in fluoxetine-treated depressed men (16,73). These reports
identify a high incidence of SSRI-associated sexual adverse effects, and
underscore the under-reported nature of antidepressant-associated sexual
dysfunction in the drug manufacturer’s prescribing information, which
is owing, in part, to the hypoactive sexual desire of depressed patients,
but also to less than ideal initial clinical trial design.

SSRIs have revolutionized the approach to and the treatment of rapid
ejaculation. SSRIs encompass five compounds—citalopram, fluoxetine,
fluvoxamine, paroxetine, and sertraline—with a similar pharmacological
mechanism of action. There is some evidence that citalopram and flu-
voxamine have less effect in delaying ejaculation than paroxetine,
sertraline, and fluoxetine (Fig. 6) (72,74,75).

Although the methodology of the initial drug treatment studies was
inadequate, subsequent placebo-controlled studies provide a high level of
evidence supporting the role of daily and/or “on-demand” serotonergic
antidepressants, and topical local anesthetics in the treatment of rapid
ejaculation (76,77).

Fig. 6. Effect on pareoxetine, sertraline, fluoxetine, and clomipramine on the intrav-
aginal ejaculatory latency time in men with premature ejaculation. IELT, intravaginal
ejaculatory latency time. (Adapted from ref. 72.)
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Clomipramine
In 1979, Ahlenius et al. reported that the serotonergic tricyclic antide-

pressant clomipramine prolonged ejaculatory latency in rats by inhibition
of central 5-HT uptake (78). Several anecdotal and controlled human
studies have reported that clomipramine is efficacious in the treatment of
rapid ejaculation. Its efficacy is limited by a reported 5 to 15% incidence
of adverse reactions, which include drowsiness, and less commonly, dry
mouth, blurred vision, and other cholinergic side effects.

In 1980, Goodman reported improved ejaculatory control in nine of 16
men with rapid ejaculation following treatment with clomipramine (79).
Girgis et al. reported similar results but qualified his reported 51% response
rate as complicated by dose-related anticholinergic adverse effects, reduced
sexual desire, and genital anesthesia (80). Segraves et al. reported a dose-
dependent increase in IELT, which was superior to placebo (28).

Althof et al. had similar findings reporting 250 and 500% increases in
IELT with doses of 25 and 50 mg, respectively; and statistically signifi-
cant improvements in male and female sexual satisfaction scores in a
double-blind placebo-controlled trial of 15 couples (81). Montorsi et al.
reported that 10 of 33 responders had maintained improved ejaculatory
control following withdrawal of the drug (82). Haensel et al. first reported
that on-demand clomipramine taken 12 to 24 h before anticipated sexual
activity is more effective than placebo in men with primary rapid ejacu-
lation, but is ineffective in men with both rapid ejaculation and ejacula-
tory dysfunction (83). Strassberg et al. subsequently reported that
clomipramine at doses as low of 25 mg taken on demand 3 to 4 h prior to
coitus was more effective than placebo in delaying ejaculation in a labo-
ratory setting using vibrotactile stimulation (84).

SSRIs
The SSRIs enhance 5-HT neurotransmission and activate 5-HT recep-

tors by blocking presynaptic and somatodendritic 5-HT reuptake trans-
porter receptors. Their action is assumed to be central but Hseih et al.
demonstrated that serotonin, fluoxetine, and clomipramine can reduce
the pressure response of the seminal vesicle to electrical nerve stimula-
tion of the lesser splanchnic nerve, suggesting an additional peripheral
action (85).

Berendson and Broekkamp observed that the responses to SSRIs in
rats resembled 5-HT1C receptor activation and suggested that SSRI-
induced inhibition of male ejaculatory dysfunction results from 5-HT1C
receptor stimulation (86). Contrary to this, Hillegaart and Ahlenius sug-
gested that SSRI-induced inhibition of male ejaculatory dysfunction is
because of 5-HT1B receptor stimulation (87). However, SSRIs may have
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different effects on the various subpopulations of serotonin receptors;
e.g. fluvoxamine, in contrast to other SSRIs, has little effect on ejacula-
tory latency. Olivier et al. took a more balanced approach and suggested
that fluvoxamine actions are primarily mediated via 5-HT1A receptors,
whereas those of fluoxetine and paroxetine are primarily mediated via
5-HT2C receptors (20). After chronic administration of an SSRI,
Waldinger et al. suggested that a number of adaptive processes, possibly
including presynaptic 5-HT1A and 5-HT1B/1D receptor desensitization
may play a role in achieving the observed greatly enhanced 5-HT neu-
rotransmission (68).

Fluoxetine

Fluoxetine achieves peak plasma concentrations within 6 to 8 h of
administration and is metabolized in the liver predominantly by demethyla-
tion to an active metabolite, norfluoxetine, which has equivalent potency
and selectivity as a SRI to its parent molecule. Both fluoxetine and nor-
fluoxetine are slowly eliminated, the former having nonlinear pharmaco-
kinetics, ensuring significant accumulation of both species with chronic
dosing and persistence of active drug for several weeks after drug with-
drawal (88).

Crenshaw first reported the efficacy of fluoxetine treatment of rapid
ejaculation describing a dose-related improvement in ejaculatory control
in 46 men, with some men maintaining improvement after withdrawal of
fluoxetine after 3 to 6 mo of treatment (89). Several other authors have
suggested a potential role for fluoxetine in the treatment of rapid ejacula-
tion (90–94).

Kara et al. in a double-blind, placebo-controlled study of fluoxetine
demonstrated a sevenfold increase in the ejaculatory interval which was
noted as early as 1 wk after initiation of treatment (94). Ejaculatory delay
is clearly an acute adverse effect of fluoxetine consistent with rapid
achievement of peak plasma concentrations and prompt augmentation of
5-HT synaptic neurotransmission. Haensel et al., in a prospective, double-
blind, placebo-controlled, crossover study of 40 men with either rapid
ejaculation, combined rapid ejaculation/ejaculatory dysfunction, ejacula-
tory dysfunction alone, or a control group of normal men, reported a sig-
nificant increase in IELT in the rapid ejaculation group; and, contrary to
their earlier findings with clomipramine, they found a subjective, but not
objective, improvement in erectile function, and no major adverse effects
in the rapid ejaculation/ejaculatory dysfunction group following treatment
with fluoxetine (95).

Fluoxetine is generally well tolerated by most patients, with adverse
effects including drowsiness, insomnia, anxiety, and nausea and, less com-
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monly, reduced sexual desire, and ejaculatory dysfunction. Anejaculation
is a dose-dependent adverse effect and may persist for several wk after
drug withdrawal because of the slow elimination of fluoxetine and its first
active metabolite. There have been infrequent anecdotal reports of
fluoxetine-related prolonged erection and priapism and spontaneous
involuntary orgasm (96,97).

Sertraline
Sertraline has a relatively long half-life of 26 h, allowing once-daily

dosing. It promptly achieves peak plasma levels within 4 to 6 h and under-
goes extensive first-pass metabolism to less active desmethylsertraline. In
addition to its selective 5-HT inhibitory actions, sertraline also appears to
inhibit excitatory responses through blocking dopamine receptors and
effecting amino acid -receptors, and by downregulating central adrener-
gic receptors (98). The most common side effects are sexual and gas-
trointestinal, but a very occasional patient will experience the agitation and
tremor seen with fluoxetine.

In 1994, Swartz first reported that sertraline at doses of 25 to 50 mg daily
improved the mean IELT to 20 min in a case series of 10 men with rapid
ejaculation (99). Balbay et al. reported improved ejaculatory control in 11
of 16 men after 1 wk and in a further three at the end of a second treatment
week (100). McMahon also reported the occurrence of improved ejacula-
tory control and improved sexual satisfaction, as evidenced by subsequent
increased frequency of intercourse within 1 to 2 wk, and a direct dose-
related increase in IELT which may be associated with anejaculation with
doses of 50 mg or higher (101). Similar case-series findings have been
reported by Kaplan and Wise (102,103).

Mendels et al., McMahon, and Biri et al. confirmed superiority to pla-
cebo in the treatment of rapid ejaculation in separate controlled studies
(104–106). McMahon also demonstrated a dose-dependent superiority to
placebo and reported that staged drug withdrawal allowed 20 of the 29
patients (67%) to discontinue treatment after a mean treatment interval of
7.3 mo yet maintain improved ejaculatory control (105).

Paroxetine
Paroxetine has a relatively long half-life of 24 h also allowing once-

daily dosing. It achieved peak plasma levels within 2 to 8 h with steady-
state systemic levels occurring after 7 to 14 d (107). Paroxetine selectively
uptakes 5-HT in brain neurons, but unlike sertraline, has little affinity for
dopamine receptors and central adrenergic receptors. Its adverse effect
profile parallels that of sertraline, and drug interactions with warfarin,
tryptophan, and dilantin have been reported.
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Waldinger et al. first reported a significant improvement in ejacula-
tory control with paroxetine compared to placebo in a double-blind study
of 17 men with rapid ejaculation (17). In a subsequent study, Waldinger
et al. demonstrated that improved ejaculatory control achieved with
paroxetine was dose-related (108).In an uncontrolled study of 32 men
with rapid ejaculation treated with 20 mg paroxetine for 2 mo, Ludovico
et al. reported improved ejaculatory control in all subjects with recur-
rence of symptoms in 28 men within 3 wk of drug withdrawal (109).
Reported adverse effects included sleepiness (61%) and mild sensory
confusion (68%). Giammusso et al., McMahon and Touma, and Isaksen
have reported similar efficacy in uncontrolled case series but less ad-
verse effects because of the lower dose of paroxetine employed (10 mg)
(110–112).

The use of “on-demand” paroxetine administered 3 to 4 h before planned
coitus was first reported by McMahon and Touma in an uncontrolled case
series of 94 men, and later in a crossover placebo-controlled study of 42
men (18,111). They reported an eightfold increase in the IELT with “on-
demand” paroxetine, which improved significantly if patients were ini-
tially treated with daily paroxetine for 3 wk (Fig. 7).

This “ejaculatory recruitment” is related to the greater 5-HT neurotrans-
mission seen with chronic administration and to the nonlinear pharmaco-
kinetics of paroxetine. Paroxetine is a potent inhibitor of the P450 2D6
enzyme, which is responsible for its first-pass metabolism, resulting in
prolonged drug clearance as the paroxetine concentration increases with
multiple dosing, and disproportionately greater increases in its concentra-
tion with every dose (113–115).

Fig. 7. Effect on “on-demand” paroxetine, daily paroxetine, and initial daily followed
by “on-demand” paroxetine, on the intravaginal ejaculation latency time in men with
premature ejaculation. ELT, ejaculation latency time. Adapted from ref. 18.
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SSRIs are an effective treatment for 80 to 85% of men with rapid ejacu-
lation. Most men will notice an increase in their IELT within 2 to 3 d, and
this rate will increase by six- to eightfold and plateau after 3 to 4 wk
treatment. Paroxetine, fluoxetine, Sertraline, and clomipramine appear to
have similar efficacy in several short term and longitudinal studies
(74,116,117). SSRIs are generally well-tolerated. Adverse effects are usu-
ally minimal and include minor drowsiness and gastrointestinal upset. Side
effects usually attenuate and disappear after 3 to 4 wk treatment. The
occasional patient who experiences anejaculation with inappropriate high-
starting doses or too rapid dose titration, will respond to drug withdrawal
and rechallenge at a lower dose after a brief washout period. Minor hyper-
activity and anxiety are occasionally seen as transient acute adverse ef-
fects, SSRIs are best avoided in patients with current or controlled bipolar
affective disorders, as frank mania may occur.

McMahon reported that men with lifelong rapid ejaculation respond
differently to SSRI drugs than do men with acquired rapid ejaculation.
Treatment with SSRI drugs was associated with a significantly lower
IELT in men with lifelong rapid ejaculation compared with acquired
rapid ejaculation after 24 wk of treatment (Fig. 8) (39). Restoration of
ejaculatory control after drug withdrawal occurred in 68.2% of men with
acquired rapid ejaculation within 12 mo following treatment with com-
bined paroxetine and ejaculatory control “re-education” using Seman’s
stop-start technique. The average duration of treatment was 4.7 mo, and
the prospect of restoration was directly related to the frequency of inter-

Fig. 8. Intravaginal ejaculation latency time (IELT) during long-term treatment with
paroxetine for men with lifelong and acquired premature ejaculation where IELT-
acquired PE > IELT, lifelong IELT > 24/52 (p < 0.05). IELT, intravaginal ejaculation
latency time; PE, premature ejaculation.
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course and inversely related to age. Only 17.1% of men with lifelong
rapid ejaculation achieved restoration of ejaculatory control within 12
mo and rapid ejaculation recurred in 50% of this group over the following
12 mo (Fig. 9).

This variance in response to treatment suggests that lifelong rapid ejacu-
lation has a different etiology than acquired rapid ejaculation, consistent
with Waldinger’s hypothesis that lifelong rapid ejaculation is a biological
variance of ejaculatory function with a lower ejaculatory threshold “set-
point” possibly owing to 5-HT receptor malfunction (69).

Phosphodiesterase Inhibitors
Nitric oxide (NO) is recognized as one of the important intracellular

messengers in the brain (118,119). Several authors have reported that NO
might be involved in the regulation of emotional and sexual behavior
(120–122). Microinjection of the NO precursor, L-arginine, into the rat
MPOA, induced significant elevations of extracellular NO and an increased
male copulatory behavior with a significant increase in mount rates (123).
Microinjection of the NO synthase inhibitor N-monomethyl-L-arginine
significantly reduced NO levels, inhibited copulatory behavior, and
decreased the latency to the first seminal emission (123,124). There is a
possibility that NO facilitates male copulatory behavior through accelera-
tion of dopamine release. Lorrain and Hull reported that microinjection of
the NO precursor, L-arginine, into the MPOA, increased the extracellular
dopamine level (125). Consistent with these studies, Kreigsfeld reported
that mice homozygous for endothelial NO synthase gene deletion have
striking reduction in ejaculatory latency (126). The results indicate that not

Fig. 9. Restoration of ejaculatory control in men with lifelong and acquired premature
ejaculation following withdrawal of selective serotonin reuptake inhibitor drug treat-
ment. PE, premature ejaculation; SSRI, selective serotonin reuptake inhibitor.
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only does NO promote erection in intact male rats, but it may also inhibit
seminal emission, probably by decreasing sympathetic nervous system
activity.

Several authors have reported their experience with sildenafil citrate as
a treatment for rapid ejaculation (127–129). Abdel-Hamid et al. compared
the efficacy and safety of the “on-demand” clomipramine, sertraline,
paroxetine, sildenafil, and the pause/squeeze technique in the treatment of
lifelong rapid ejaculation in a prospective noncontrolled study of 31 potent
men (5,127). Treatment with sildenafil was associated with a significantly
higher IELT (15 min) and sexual satisfaction score than all other treat-
ments and sexual satisfaction scores positively correlated with the IELT
for each treatment.

In an open-label study of 80 potent men, Salonia et al. compared treat-
ment with paroxetine alone using initial chronic and then “on-demand”
dosing, with a combination paroxetine and sildenafil, using the same dos-
ing regime for paroxetine and sildenafil administered 1 h prior to inter-
course (Fig. 10) (128).

Both treatments significantly improved the IELT and intercourse satis-
faction domain of the International Index of Erectile Function.

The combination of paroxetine and sildenafil produced superior results
in both endpoints at 6 mo treatment, and the authors suggested a possible
role of sildenafil in the treatment of rapid ejaculation.

The proposed mechanisms for the effect of sildenafil on ejaculatory
latencies include a central effect involving increased NO and reduced

Fig. 10. Effect of paroxetine on the intravaginal ejaculatory latency time in men
with premature ejaculation, using initial chronic and then “on-demand” dosing; and
a combination of paroxetine and sildenafil, using the same dosing regimen for
paroxetine and sildenafil, administered 1 h prior to intercourse (* p < 0.01,
** p < 0.001). ELT, ejaculation latency time. Adapted from ref. 167.
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sympathetic tone, smooth muscle dilatation of the vas deferens and semi-
nal vesicles which may oppose sympathetic vasoconstriction and delay
ejaculation, reduced performance anxiety owing to better erections, and
downregulation of the erectile threshold to a lower level of arousal so that
higher levels of arousal are required to reach the ejaculation threshold.

None of these studies are placebo-controlled and most have several
methodological flaws, resulting in confusing and difficult to interpret
results. It is unlikely that phosphodiesterase inhibitors have a significant
role in the treatment of rapid ejaculation, with the exception of men with
acquired rapid ejaculation secondary to comorbid ED. Consistent with
this, McMahon et al. (130) reported the results of the only double-blind,
placebo-controlled, multicenter study which demonstrated no signifi-
cant difference in the IELT of sildenafil compared to placebo, but did
demonstrate significant improvements in the ejaculatory control domain
and the ejaculatory function global efficacy question (Fig. 11). The latter
is possibly consistent with the erectile response of sildenafil.

Topical Treatment
Application of the topical anesthetics to the penis virtually abolishes the

display of penile reflexes in rats (131). Sachs and Liu demonstrated that
division of the sensory branches of the pudendal nerves severely impaired
the ability of male rats to achieve intromission, and hence ejaculation
(132). Weidner reported that ejaculatory response to penile vibrotactile
stimulation in spinal cord-injured men requires the presence of intact dor-
sal penile nerves (133).

Fig. 11. Effect of sildenafil (100 mg) and placebo on intravaginal ejaculatory latency
time and ejaculatory control domain score in 147 men with lifelong premature ejacu-
lation (130). IELT, intravaginal ejaculation latency time; PE, premature ejaculation.



400 McMahon

The use of topical local anesthetics, such as lignocaine and/or prilocaine
as a cream, gel, or spray, is well established, and they appear moderately
effective in retarding ejaculation, but do so at the price of possibly causing
significant penile hypoanesthesia, and possible transvaginal absorption,
resulting in vaginal numbness and resultant female anorgasmia unless a
condom is used (134–137). Atan et al. reported the combined use of
fluoxetine and topical lidocaine in 43 men with rapid ejaculation. Seventy
two percent of the fluoxetine-treated group improved, as opposed to 83.3%
of the fluoxetine/lidocaine group (138).

Xin et al. reported significantly improved ejaculatory control in 89.2%
of patients treated with SS-cream (139,140). SS-cream is made with ex-
tracts from nine natural herbs, some of which have local anesthetic prop-
erties; it is applied to glans penis 1 h before and washed off immediately
prior to coitus. Adverse effects were noted in 5.9% of patients, which
included mild local irritation and delayed ejaculation. Both the latency
and amplitude of somatosensory-evoked potentials measured at the glans
penis were increased over baseline after the application of SS-cream
(141).

THE OFFICE MANAGEMENT OF RAPID EJACULATION

Men with ejaculatory dysfunction should be evaluated with a detailed
medical and sexual history, a physical examination, appropriate investiga-
tions to establish the true presenting complaint, identify obvious biological
causes, such as medication or recent pelvic surgery, and uncover sufficient
detail to establish the optimal treatment plan (Fig. 12).

Relevant information to obtain from the patient includes:

1. A basic medical history, including the use of prescribed and recreational
medications.

2. The cultural context and developmental history of the disorder, including
whether the rapid ejaculation is global or situational, lifelong or recent in
its development.

3. Measures of the quality of each of the three phases of the sexual response
cycle: desire, arousal, and ejaculation, because the desire and arousal
phases may impact the ejaculatory response.

4. Details about the ejaculatory response, including the patient’s subjec-
tive assessment of his IELT and sense of ejaculatory control, the level
of sexual dissatisfaction and distress, the frequency of sexual activity,
etc.

5. The partner’s assessment of the situation, including whether the partner
suffers from female sexual dysfunction.

6. Assessment of the sexual and overall relationship.
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Psychophysiological and/or electrophysiological evaluation is time-
consuming, labor-intensive, and has not been demonstrated to reliably
discriminate between individual patients. These evaluations typically have
no current role in the initial clinical evaluation of men with rapid ejacula-
tion.

Men with rapid ejaculation secondary to erectile dysfunction, other
sexual dysfunction or genitourinary infection should receive appropriate
etiology-specific treatment. Men with lifelong rapid ejaculation should be
managed with pharmacotherapy. Men with significant contributing psy-
chogenic or relationship factors may benefit from concomitant behavioral
therapy. Recurrence of rapid ejaculation is highly likely to occur following

Fig. 12. Management of algorithm for premature ejaculation. PE, premature ejacu-
lation; SSRI, selective serotonin reuptake inhibitor.
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withdrawal of treatment. Men with acquired rapid ejaculation can be treated
with pharmacotherapy and/or behavioral therapy according to patient/
partner preference. Restoration of ejaculatory control in men with acquired
rapid ejaculation is likely to occur following completion of treatment, but
is the exception in men with lifelong rapid ejaculation. Behavioral therapy
may augment pharmacotherapy to enhance relapse prevention.

CONCLUSION

The psychosexual model of treatment has previously been regarded as
the cornerstone of treatment of rapid ejaculation. Pharmacological modu-
lation of ejaculatory threshold represents a novel and refreshing approach
to the treatment of rapid ejaculation. It appears to fill a treatment “hiatus”
produced by both the limitations and nonacceptance of psychosexual coun-
selling by some sufferers, and by the lack of convincing longitudinal clini-
cal efficacy data. Pharmacological treatment offers patients a high
likelihood of achieving improved ejaculatory control within a few days of
initiating treatment, consequential improvements in sexual desire and other
sexual domains, and a favorable adverse effect profile. It fails to directly
address causal psychological or relationship factors, and is perhaps best
employed in combination with behavioral treatment approaches as part of
an integrated approach to treatment.
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INTRODUCTION

Prostate cancer and its treatment invoke the fear of “castration” and
death in many men. Every man has heard of notable men with prostate
cancer (Table 1).

Fear of the condition can lead to avoidance of physicians and screening.
In an American Urological Association survey in 2000 by Roper Starch
Worldwide of over 1000 men, 74% of men over the age of 50 felt that the
fear of the side effects of treatment prevented men from being screened.
Twenty percent of men who were not being screened annually acknowl-
edged that their avoidance was a result of fear, both of the side effects of
treatment and/or of learning that they had cancer. Their wives felt the
number was closer to 33%. To worsen matters, prostate cancer affects men
during a period of their life of waning hormonal, sexual, and erectile func-
tion. Over 50% of the men diagnosed with prostate cancer will be at risk
for erectile dysfunction (ED), hypogonadism, or both (Table 2).

In a study at The Cleveland Clinic, as many as 36% of the men had ED
at the time of diagnosis (1). In a community practice where the average age
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at the time of diagnosis is higher, one can anticipate an even higher rate of
sexual dysfunction. These fears, as well as the fears of death and inconti-
nence, all surface with the words “Mr. Smith your PSA is elevated. I think
we need to do a prostate biopsy.”

The incorporation of the prostate-specific antigen (PSA) and the
transrectal ultrasound (TRUS) biopsy probe into the standard urological
practice had a dramatic impact on the incidence of prostate cancer in the
US, and a downward stage migration at presentation. No longer were men
presenting with late-stage disease or undergoing painful perineal biopsies.
The biopsy no longer required an anesthetic or a hospitalization. Within a
6-yr (1986–1992) period, the annual number of cases diagnosed doubled.
Most patients are now detected by PSA elevation, not palpable disease.

Though generally well-tolerated under a local anesthetic, the TRUS
biopsy in not without side effects or complications. In a prospective study
of 211 men undergoing prostate biopsies, intraoperative pain was consid-
ered severe in 20% of the biopsy events. Preoperative anxiety was reported
in 64% of biopsy events and predictive of intraoperative pain. Anxiety
continued post biopsy and peaked before result disclosure. ED attributed
to anxiety in anticipation of biopsy was reported in 7% of cases. The rate
of ED doubled to 15% at 7 and 30 d after the biopsy, well after the anxiety
of the biopsy resolved (2). Although it might be natural to attribute the
increase in ED to the psychological stress and trauma of the biopsy, the
location of the posterolateral location of the delicate cavernous nerves
make them subject to injury during extensive transrectal biopsies. The
trend for an increasing number of biopsy samples and the increasingly
liberal recommendation for prostate biopsies theoretically increases the
risk of cavernous nerve injury. Experiencing hematospermia for 6 wk after
the biopsy can increase anxiety around sexual activity.

Men who receive news of a positive biopsy will usually go on to treat-
ment that will invariably worsen their function. Men with negative biop-
sies are so relieved, that they may attribute their decreased function to the
stress of the process. More prospective studies should be undertaken to
objectively evaluate the risk of ED after prostate biopsy, as it may have
some bearing on subsequent posttreatment function.

Table 2
Prevalence of Prostate Cancer,a ED (29), and Hypogonadism (30) vs Age

35–44 45–54 55–64 65–74 75–84 85+

Prostate cancer prevalence (%) .4 7.1 24.6 39.3 23.6 4.9
ED prevalence (%)  4 26 40 60 60+ —
Hypogonadism incidence (%)  2 10 30 45 70 —

a SEER Cancer Review 1975–2000. ED, erectile dysfunction.
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THE PATIENT’S UNDERSTANDING OF DIAGNOSIS
Patients receiving the diagnosis of prostate cancer are devastated. The

diagnosis of cancer is accompanied with a high incidence of anxiety, depres-
sion, self-image insult, sexual dysfunction, social isolation, and dysfunc-
tion (3). The patient’s understanding of what is discussed is frequently
different from the physicians’ perception. Under favorable circumstances,
we are lucky if patients remember 50% of what is communicated. In a
prospective study of orthopedic patients repeatedly educated preoperatively
about the risks and benefits of joint replacement until they could answer
all questions correctly, postoperatively, only 25% remembered the risk of
infection, 22% recalled the potential benefits for relief of pain, improved
function or improved motion, and 2% remembered the risk of damage to a
nerve or artery (4). It is a small wonder that a patient and his partner will fail
to understand that nerve sparing does not necessarily mean preservation of
potency or that, even if he has postoperative potency, it will not be compa-
rable to his preoperative state and may require erectogenic aids. His concern
about a cancer cure and survival far outweigh trying to sort out the fine
details of semantics.

After leaving the physician’s office, patients, their partners, or their
families will turn to most the readily accessible information source—the
Internet. Although only 19% of patients in 2000 sought information on the
Internet, that number has undoubtedly increased. A “Google” search in
February 2004 revealed more sites than can be investigated in a lifetime
(Table 3). Patients are flooded with information and misinformation.
Unfortunately, many sites are nothing more than commercial sites. There
is no peer review or oversight of the Internet. By the time the patient comes
to treatment, his understanding of the treatment and its risks and benefits
are a combination of the physicians’ advice (including possibly conflicting
second opinions), Internet information, and anecdotal information from
family and friends.

Table 3
Results of “Google” Search

Search word Number of sites

Prostate cancer 1,550,000
Prostate cancer surgery 785,000
Prostate cancer radiation 354,000
Prostate cancer alternative approach 260,000
Prostate cancer observation 58,800
Radical prostatectomy 46,400
Prostate cancer cryosurgery 12,200
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RADICAL SURGERY
The treatment of prostate cancer invariably results in changes in sexual

and erectile function. The degree to which the patient will be distressed
will depend on his level of pretreatment function and drive, the degree
functional impairment, and his sexual partner. Assuming that the man does
not choose observation, his choices of treatment are radical surgery, exter-
nal beam or interstitial radiation therapy with or without adjuvant hor-
monal therapy, and cryosurgery. For the purposes of this chapter, we will
focus on the treatment of sexual dysfunction after radical prostatectomy.

The advantages of surgery include definitive staging, possible cure if
the tumor is pathologically confined, treatment of concomitant benign
prostatic hyperplasia (BPH), reliable PSA suppression to nonrecordable
levels, easy monitoring for recurrent disease, and arguably decreased
patient anxiety during follow-up. The disadvantages are that it is a major
operation with low but definite mortality (<0.3%) and definite morbid-
ity—impotence (>50%), ejaculatory dysfunction (100%), orgasmic dys-
function (50%), incontinence (<5–30%), pulmonary embolism (<1%),
rectal injury (<1%), urethral stricture (<5%), and transfusion (20%).

The sexual dysfunction begins immediately after the surgery, with vir-
tually all men experiencing ED. Nocturnal, morning, and psychogenic
erections disappear instantly. Though an occasional man will report erec-
tions with the catheter indwelling, this occurrence is clearly the exception.
The profound loss of nocturnal erections had been reported in both retro-
spective and prospective series (5–7) (Fig. 1).

Fig. 1. Nocturnal penile tumescence scan pre- and postsurgery.
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The etiology of the immediate loss of nocturnal activity, although
debated by experts in the past, appears to be the result of intraoperative
neuropraxia. There is little evidence of arterial injury on such a large scale
after radical prostatectomy (8). Over time, there does appear to be recov-
ery of the nocturnal activity that corresponds with an increase in natural
erectile function (5) (Fig. 2).

The recovery of erectile function is agonizingly slow, requiring as many
as 18 to 24 mo, consistent with a slowly resolving neuropraxia (9). As the
neuropraxia resolves, the penis becomes increasingly responsive to
sildenafil as one might expect, because the mechanism of sildenafil and the
other phosphodiesterase (PDE)-5 inhibitors is dependent of the production
of nitric oxide from the nerve endings. Success with sildenafil in the first
6 mo can be expected to be very low (10).

With increasingly accurate predictors of localized disease, most patients
will know with some degree of certainty whether of not they will have a
bilateral, unilateral, or nonsparing surgery before the surgery itself (11,12).

Fig. 2. Nocturnal erection rigidity and erectile function domains in men preopera-
tively and postoperatively (5). EF, erectile function.
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They again assume that bilateral nerve sparing is synonymous with pres-
ervation of potency, not realizing that few men are as good postoperatively
as they were preoperatively, and the term potent is increasingly defined as
“with the aid of the PDE-5 inhibitors”(9).

The initial euphoria of having survived the operation is replaced by the
reality of incontinence, which resolves for the most part in the first 3 mo.
Concern over survival and continence then gets replaced with concern
about potency. Patents do not understand why they have not yet regained
their erectile function if their nerves were preserved, their PSA is 0, and the
continence is near perfect. To make matters worse, it appears that their
penises are shrinking. Most of the reduction in circumference and length
occurs in the first 3 mo (13). These observations are supported by animal
models of penile denervation (14,15). Age of 65 and preoperative sildenafil
predict a poor postoperative response rate (16,17). Many patients and their
physicians become discouraged with early unsuccessful attempts with
PDE-5 inhibitors not realizing that a rechallenge at 18 to 24 mo postopera-
tively might result in a successful outcome (10). Experiencing repeated
failure, many lose interest in attempting sexual activity and withdraw from
sexual intimacy, despite normal preoperative drive. In a longitudinally
followed consecutive cohort of 130 men with intact preoperative erectile
function and normal sexual desire at New York University, only 48% and
58% maintained their sexual desire at 3 and 24 mo, respectively (unpub-
lished data). Their partner, not wanting to pressure them or make them feel
badly, withdrew sexually as well.

Ultimately, the response to the three PDE-5 inhibitors—sildenafil,
varedenafil, and tadalafil—appears to be similar, although no direct com-
parator trials exist for the radical prostatectomy patients.

The efficacy of sildenafil was evaluated in the initial pivotal trials as
patients after prostatectomy were included in the general trials. No stratifi-
cation was made as to age or nerve-sparing status. An overall response rate
of 43% was seen in improvement of erection quality with a placebo rate of
14%. In a nonrandomized, nonconsecutive, highly selected population of
91 men taking sildenafil after radical retropubic prostatectomy, Zippe
reported a 72% rate of “erections satisfactory for vaginal penetration” in
patients with bilateral nerve-sparing vs 50% in men with unilateral nerve-
sparing (18). At 3 yr, 31 (71%) of the 43 patients who had returned the
surveys were still responding to sildenafil. Of these 31 respondents, 10 (31%)
had augmented their dose from 50 to 100 mg. The dropout rate was 27%; six
of 12 had discontinued use because of the return of natural erections, five
because of a loss of efficacy, and one because his spouse had died (19).

In a double-blind, placebo-controlled study, vardenafil was studied in
440 men after unilateral and bilateral nerve-sparing starting 6 mo after
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surgery. Seventy percent had severe ED. Among men with bilateral neu-
rovascular bundle-sparing, improved erections were reported by 71.1%
and 59.7% of patients on 20 and 10 mg of vardenafil, respectively, vs
11.5% of those on placebo. The average intercourse success rate per patient
receiving 20 mg vardenafil was 74% in men with mild to moderate ED, and
28% in men with severe ED, compared with 49 and 4% for placebo, respec-
tively. Sildenafil nonresponders were excluded from the studies, and over
50% of men were at least partial responders to sildenafil prior to entry. The
inclusion of such a high proportion of sildenafil responders is reflected in
the high placebo response rate in the placebo group of men with mild to
moderate ED. The exclusion of sildenafil failures and enrichment with
sildenafil responders must be taken into consideration when counseling
patients on this medication (20).

Tadalafil was similarly studied in a group of 303 men (mean age 60 yr)
with preoperative normal erectile function who had undergone a bilateral
nerve-sparing RRP 12 to 48 mo prestudy, randomized (2:1) to tadalafil (n =
201) or placebo (n = 102). The three coprimary endpoints were changes
from baseline in the International Index of Erectile Function (IIEF) erec-
tile function domain score, and the percentage of positive responses to
Sexual Encounter Profile questions two (successful penetration) and three
(successful intercourse). The Global Assessment Question and the Erec-
tile Dysfunction Inventory of Treatment Satisfaction questionnaire were
secondary endpoints. A subgroup of patients (n = 201) was a priori-
identified, reporting evidence of postoperative tumescence, defined as
greater than or equal to 50% “yes” responses to Sexual Encounter Profile
question one (ability to achieve at least some erection) during baseline
intercourse attempts and stratified randomization based on this criterion.
During treatment for all randomized patients receiving tadalafil, the mean
percentage of successful penetration attempts was 54% and the mean
percentage of successful intercourse attempts was 41%. For the subgroup
with evidence of postoperative tumescence, these values were 69% and
52%, respectively. Sixty-two percent of all patients randomized to tadala-
fil and 71% of the subgroup patients randomized to tadalafil reported
improved erections (21). Eighty percent of the men were previous sildena-
fil users, although failure to respond to sildenafil was not exclusionary,
unlike the vardenafil study.

With overall success rates hovering around 50%, McMahon researched
using high doses of sildenafil in sildenafil failures in 54 patients with
chronic erectile failure who had previously failed to respond to a home trial
of sildenafil (100 mg) and with erections suitable for sexual intercourse
were studied. Each man was treated at home with sildenafil at escalating
doses of up to 200 mg until either maximal response or intolerable adverse
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effects occurred. Erectile function was quantified using the erectile func-
tion domain of the IIEF before treatment, with 100 mg sildenafil, a maxi-
mal dose of sildenafil, and a global efficacy question after 4 wk of treatment.

The mean age of the study group was 59.6 with 11 of 54 (20%) show-
ing post-RRP ED. Thirteen of 54 (24.1%) responded to sildenafil at a
median maximal dose of 200 mg, four of 13 required 150 mg, and nine
of 13 required 200 mg. Forty-one of 54 (76%) failed to respond to sildena-
fil. Mean IIEF question three and four scores were 1.5 and 1.4 at baseline,
2.2 and 1.9 with 100 mg of sildenafil, 2.8 and 2.5 with 150 mg of sildena-
fil, and 3.0 and 2.9 with 200 mg of sildenafil, respectively. After 4 wk,
treatment was regarded as having improved their erections by 37, 46.3,
and 68% of patients with 100, 150, and 200 mg of sildenafil, respectively.
Thirty-four of 54 (63%) reported adverse effects with a maximal dose of
sildenafil comprising headache (19), facial flushing (32), dyspepsia (14),
nasal congestion (11), dizziness (5), and visual disturbances (5). Four of
13 (31%) responders refused to continue treatment because of adverse
effects. It was concluded that sildenafil at doses of up to 200 mg was an
effective salvage therapy for 24.1% of previous sildenafil nonresponders,
but was limited by a significantly higher incidence of adverse effects and
a 31% treatment discontinuation rate. High dose studies have not been
carried out for vardenafil or tadalafil. Currently the maximum doses
approved by the FDA are 100, 20, and 20 mg for sildenafil, vardenafil,
and tadalafil, respectively (22).

The options for nonresponders include injection therapy, intraurethral
prostaglandin, vacuum erection devices, or penile implant. The concomi-
tant use of the PDE-5 inhibitors is discouraged in the regulatory document
for all three PDE-5 inhibitors. Nonetheless, there exists a rationale for
combination therapy. Corpus cavernosum smooth muscle relaxation and,
hence penile erection, are regulated in part by increases in smooth muscle
synthesis of the second messengers cyclic adenosine monophosphate and
cyclic guanosine monophosphate. Intraurethral or intracorporal prostag-
landin E1 increase both second messengers. Therefore, in men failing
PDE-5 inhibition or prostaglandin therapy, perhaps a synergistic effect
might occur with combination therapy. Nehra studied 28 patients using
sildenafil and medicated uretheral system for erection (MUSE) (mean age
of 59), 17 who had undergone radical prostatectomy, and 11 who had a
diagnosis of organic erectile dysfunction for 30 mo.

Treatment with either 100 mg of sildenafil citrate and/or 1000 μg of
MUSE had failed in these patients. Combination therapy was initiated
using 100 mg of sildenafil citrate orally 60 min before intercourse, and
500 μg of MUSE intraurethrally immediately before intercourse. At 30 mo,
all 28 patients reported erections sufficient for vaginal penetration, with
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3.6 intercourse episodes per month. None of the patients crossed over to
intracavernosal therapy or penile prosthesis. It was concluded that combi-
nation therapy, incorporating both pathways cyclic adenosine monophos-
phate and cyclic guanosine monophosphate, might succeed when single
therapies fail (23). Along those lines in my practice, I also combine sildena-
fil with intracorporal injections after radical prostatectomy in men who are
failing intracorporal injection therapy. The combined use of sildenafil with
injection therapy, though logistically cumbersome, had allowed some
patients to avoid implant therapy (24).

We reported sildenafil usage longitudinally in 200 men with preopera-
tive normal sexual function and bilateral nerve-sparing surgery at the
American Urological Association in 2003 (25). At 3 mo 52% were utiliz-
ing sildenafil, although less than 10% were able to achieve and maintain
erections satisfactory for intercourse vs 35% in subsequent follow-up at
24 mo. At 24 mo, 50% of men were still on sildenafil, 27% were using
injection therapy, and 22% were using nothing. Erectile function after
surgery can still be improved.

Might there be a benefit for earlier exposure to PDE-5 inhibitors with
respect to subsequent return of function? There is some evidence that
early postoperative intervention with intracavernosal injection of vasoac-
tive drugs may improve the rate-of-return of spontaneous erections (26).
Additionally, it has been demonstrated that sildenafil taken prior to sleep
may improve nocturnal erections in men with general ED (27).

Padma Nathan reported the results of a randomized, placebo-controlled
study, examining the benefits of nightly administration of sildenafil dur-
ing the postoperative period for the return of natural function at 48 wk
after surgery following a bilateral nerve-sparing RRP. This study included
125 men with normal preoperative erectile function (a combined score of
�8 for questions three and four from the IIEF indicating that they were
able to achieve and maintain an erection on the majority of occasions).
Four weeks postsurgery, patients were randomized to either sildenafil
(50 mg, n = 23; 100 mg, n = 28) or placebo (n = 25) and entered a 36-wk,
double-blind, randomized, parallel-phase, placebo-controlled, fixed-dose
treatment period with drug administration nightly, prior to bedtime; the
postoperative assessment occurred 8 wk after discontinuation of drug
treatment. The return of normal erectile function was assessed at wk 48 by
asking the question, “Over the past 4 wk, have your erections been good
enough for satisfactory sexual activity?” and by administration of the
IIEF and nocturnal RigiScan assessment. A positive responder to the
study was one who responded “yes” to the above question and who also
scored greater than or equal to eight on the sum of questions three and four
of the IIEF. Of 76 patients analyzed for efficacy postbilateral nerve-spar-
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ing RRP, 15 of 76 patients (19.7%) were categorized as responders with
the return of normal spontaneous erectile function; six of 23 (26%) and
eight of 28 patients (29%) were responders in the 50- and 100 mg sildena-
fil group, respectively, compared with one of 25 (4%) in the placebo group
(p = 0.037). Nightly administration of sildenafil post-RRP resulted in an
approximately sevenfold increase in return of spontaneous erections with
placebo (5). The results, though impressive, need further validation before
this innovative approach is generally recommended.

Would the longer-acting PDE-5 inhibitor tadalafil provide additional
benefit? Currently, long-term studies on the daily use of tadalafil have only
been performed for 6 mo in the assessment of sperm toxicity, not erectile
function. No studies have been carried out on the effect of long-term daily
use in erectile function. With a long half-life, there exists the theoretic
possibility of PDE-5 upregulation and tachyphylaxis (28). Currently, the
daily use of a PDE-5 inhibitor for the prevention of ED is considered “off-
label” use for any of the PDE-5 inhibitors.

CONCLUSION

The PDE-5 inhibitors are the first line of therapy for ED. The response
rate after radical prostatectomy is the lowest of any treatment group and
reflects intraoperative nerve damage and probable secondary smooth
muscle damage. Age at the time of surgery, time from surgery, preopera-
tive ED, and type of surgery clearly affect eventual response rates. All
PDE-5 inhibitors have comparable response rates. Combination therapy
may be useful in salvaging failures. The early use of sildenafil after surgery
may improve the eventual return of function.
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INTRODUCTION

Female sexual dysfunction (FSD) is a complex set of conditions asso-
ciated with multiple anatomical, physiological, biological, medical, and
psychological factors. It can be age-related and appears to be highly preva-
lent, affecting 20 to 50% of women (1). Data from the National Health and
Social Life Survey (NHSLS), a large representative sample of US women,
reported that one-third of women experienced loss of sexual interest, and
nearly one-fourth reported lack of orgasm during the past year (2). Sexual
dysfunctions are associated with problems of mood, self-esteem, quality of
life, emotional distress, and relationship difficulties (1).

The etiologies of FSD include anatomical, vasculogenic, neurogenic,
hormonal, endocrine, psychogenic, medical, and pharmacological factors,
and some cases are multifactorial (3). Further subclassfication may include
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FSD as lifelong or acquired, generalized or situational, according to a
recently recommended diagnostic classification system, which also con-
siders personal distress as a criterion for most diagnostic categories (1).

CLASSIFICATION SYSTEMS

Most FSD classification systems are based on both the Masters and
Johnson, and Kaplan (4,5) model ofthe sexual response cycle. Masters and
Johnson characterized the female sexual response as consisting of the four
successive phases: excitement, plateau, orgasm, and resolution (5). Kaplan
proposed the aspect of “desire” and a three-phase model, consisting of
desire, arousal, and orgasm (4). The phase of sexual desire consists of the
motivational or appetitive aspects of sexual response, and includes sexual
urges, fantasies, and wishes. The phase of sexual excitement refers to a
subjective feeling of arousal or sexual pleasure and accompanying physi-
ological changes, includes vaginal lubrication and genital swelling. The
orgasm is defined as the peak of sexual pleasure, with the rhythmic con-
tractions of the genital musculature. In the final phase, resolution, a gen-
eral sense of relaxation and well-being is experienced (6).

This four-phase model forms the basis for classification of FSD in the
fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) (7). In the DSM-IV, sexual dysfunctions are defined as “distur-
bances in sexual desire and in the psychophysiological changes that char-
acterize the sexual response cycle and cause marked distress and
interpersonal difficulty.” FSD includes hypoactive sexual desire disorder
(HSDD, 302.71), sexual aversion disorder (302.79), female sexual arousal
disorder (FSAD, 302.72), female orgasmic disorder (302.73), and sexual
pain disorders, including dyspareunia (302.76), and vaginismus (306.51).

According to the World Health Organization International Classifi-
cations of Diseases-10 (ICD-10), the definition of sexual dysfunction
includes “the various ways in which an individual is unable to participate
in a sexual relationship as he or she would wish” (8). Specific categories
in the nomenclature include a lack or loss of sexual desire (F52.0), sexual
aversion disorder (F52.1), failure of genital response (F52.2), orgasmic
dysfunction (F52.3), nonorganic vaginismus (F52.5), nonorganic dys-
pareunia (F52.6), and excessive sexual drive (F52.7).

Both classification systems are based on the sexual response cycle, and
both include subjective distress as a criterion in their definitions. Neither
classification system for FSD distinguishes between psychogenical and
organically based disorders. Basson (1) has presented a model that may
more accurately depict the responsive component of desire and the under-
lying motivational forces that trigger it. The interdependency of arousal
and orgasm was also acknowledged. In 1998, an international multidisci-
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plinary consensus development conference on FSD convened to begin to
address the shortcomings and problems associated with the above-men-
tioned previous classifications (1). The objective of the panel was to evalu-
ate and revise existing definitions and classifications of female sexual
dysfunction (results presented in Table 1).

Table 1
Classification and Definintions of Female Sexual Dysfunctions

According to the 1999 Consensus Classification System a

I. Sexual desire disorders

A. Hypoactive sexual desire disorder
“The persistent or recurrent deficiency (or absence) of sexual fantasies/
 thoughts, and/or desire for or receptivity to sexual activity, which
 causes personal distress.”

B. Sexual aversion disorder
“The persistent or recurrent phobic aversion to and avoidance of sexual
 contact with a sexual partner, which causes personal distress.”

II. Sexual arousal disorder

“The persistent or recurrent inability to attain or maintain sufficient
 sexual excitement, causing personal distress, which may be expressed as
 a lack of subjective excitement, or genital (lubrication/swelling) or other
 somatic responses.”

III. Orgasmic disorder

“ The persistent or recurrent difficulty, delay in or absence of attaining
 orgasm following sufficient sexual stimulation and arousal, which
 causes personal distress.”

IV. Sexual pain disorders:

A. Dyspareunia
“The recurrent or persistent genital pain associated with sexual
intercourse.”

B. Vaginismus
“The recurrent or persistent involuntary spasm of the musculature of the
 outer third of the vagina that interferes with vaginal penetration, which
 causes personal distress.”

C. Other sexual pain disorders
“Noncoital sexual pain disorder is recurrent or persistent genital pain
 induced by noncoital sexual stimulation.”

a From ref. 1.
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The four major categories of dysfunction described in the DSM-IV and
ICD-10 were preserved in order to maintain continuity in research and
clinical practice. However, the definitions of several disorders have been
altered to reflect current clinical and research practice, and a new category
of sexual pain disorder, including noncoital sexual pain, has been added (1).

PATHOPHYSIOLOGICAL CONSIDERATIONS
Vasculogenic

Vasculogenic etiologies for FSD may include hypertension, hyperlipi-
demia, tobacco abuse, diabetes, and cardiovascular conditions (10). Clito-
ral and vaginal vascular insufficiency syndromes can be related to
diminished genital blood flow secondary to atherosclerosis of the iliohy-
pogastric/pudendal arterial bed (11). Vascular insufficiency can be an
important cause of, and should be considered in evaluating women with,
sexual arousal disorder. Diminished pelvic blood flow as a result of
aortoiliac disease can lead to vaginal wall- and clitoral smooth muscle
fibrosis owing to increased collagen deposition, resulting in symptoms of
vaginal dryness and dyspareunia (11,12). In addition, traumatic injury to
the iliohypogastric/pudendal arterial bed from pelvic fractures, blunt
trauma, or surgical disruption can result in diminished vaginal and clitoral
blood flow and sexual dysfunction (10).

Neurogenic
Neurogenic disorders that cause FSD include spinal cord injury , dis-

eases of the central or peripheral nervous system, and diabetic neuropathy
(10). Women with incomplete injuries retain capacity for psychogenic
arousal and vaginal lubrication (13). Women with spinal cord injuries have
significantly more difficulty in achieving orgasm than normal controls.
The effects of specific spinal cord injuries on female sexual response, as
well as the role for vasoactive pharmacotherapy in this population, are
being investigated.

Musculogenic
The pelvic floor muscles, levator ani and perineal membrane, partici-

pate in female sexual function and responsiveness. The perineal mem-
brane, consisting of the bulbocavernosus and ischiocavernosus muscles,
when voluntarily contracted, can contribute to and intensify sexual arousal
and orgasm (3). In addition, the bulbospongiosus and ischiocavernosus
muscles are responsible for the involuntary rhythmic contractions during
orgasm. A hypertonic levator ani muscle can contribute to the development
of vaginismus, causing dyspareunia and other sexual pain disorders. When
the levator ani is hypotonic, vaginal hypoanesthesia, coital anorgasmia,
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and urinary incontinence during sexual intercourse or orgasm can develop
(3). Levator subluxation and sagging may lead to levator dysfunction,
which may ultimately result in pelvic pain, dyspareunia, decreased vaginal
sensation, and decreased intensity of orgasm (14).

Hormonal
Hormonal etiological factors for FSD include dysfunction of the hypo-

thalamic–pituitary–genital axis, surgical or medical castration, and meno-
pause (3).

ESTROGEN, MENOPAUSE, AND SEXUAL FUNCTION

At puberty, the ovaries produce adult quantities of estrogen, which is
responsible for the maturation, maintenance, and functioning of the female
genitalia (15). Other likely effects include the influence of estrogen on the
action of local mediators. In an animal model, neuronal nitric oxide (NO)
synthase expression is dependent on the presence of estrogen in the rat
vagina (16). In women, clinical research suggests that sufficient estrogen
levels preserve the vascular function of female genital tract structures (17).
Animal studies also indicate that estrogen affects genital sensory function.
Estradiol administration results in expanded touch receptor zones along
the distribution of the pudendal nerve in the rat model (18). Atrophic
genital changes occur when estrogen decreases after menopause, defined
as the permanent cessation of menstruation resulting from the loss of ova-
rian follicular function (19). Symptoms of menopause may include hot
flashes, urinary incontinence, urinary tract infection, vaginal atrophy,
reduced sexual function, and depression (19). A decline in serum estrogen
levels results in the thinning of vaginal mucosal epithelium, atrophy of
vaginal wall smooth muscle, and a reduced acidic environment in the
vagina (3). Common sexual complaints of women who experience changes
in sexual function include loss of desire, decreased frequency of sexual
activity, painful intercourse, diminished sexual responsiveness, difficulty
achieving orgasm, and decreased genital sensation (3). When women enter
natural menopause, there is a gradual decline of estrogen and a slight
increase in serum testosterone secondary to ovarian stromal hyperplasia.
This increase is time-limited, and as the levels decrease by the fourth or
fifth menopausal year, this may contribute to decreased libido (15). In
contrast, women who have undergone surgical menopause experience an
abrupt loss of these hormones, which may be associated with more dra-
matic declines in libido (20).

In order to determine whether changes in women’s sexual functioning
during midlife are the result of aging or menopause, Dennerstein et al.
conducted a prospective, observational questionnaire study on 438 women
aged 45 to 55 yr, and still menstruating at baseline. A group of 197 women
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was studied for the effects of natural menopausal transition and were com-
pared to two control groups, which remained either premenopausal or early
perimenopausal for 7 yr, or remained postmenopausal for over 5 yr. By late
menopause, a significant decline in sexual responsivity and an increase in
the partner’s problems were observed. By the postmenopausal phase, there
was a further decline in sexual responsivity, frequency of sexual activities,
and libido, and a significant increase in dyspareunia and partner’s prob-
lems. Dennerstein concluded that sexual responsivity declines significantly
with both time and the menopausal transition. Other parameters of sexual
functioning, e.g., libido, frequency of sexual activities, dyspareunia, and
partner problems, became more pronounced as women became postmeno-
pausal (21).

PHYSIOLOGICAL TESTOSTERONE PRODUCTION IN FEMALES

The ovaries are the primary site of synthesis of the most potent androgen
in women, testosterone (T), which is further hydroxylated to dihydro-
testosterone or aromatized to estradiol in target organs and peripheral tis-
sues (20). The precursor hormones androstenedione (A) and dehydro-
epiandrosterone (DHEA) are produced by the ovaries and the adrenals and
have weaker androgenic activity. The adrenals are also the main source of
DHEA sulfate (DHEAS) (22). Plasma A and T increase in the middle third
of the menstrual cycle, as well in the luteal phase, and there is a diurnal
variation in T, which peaks in the morning (23). Only 1 to 2% of total T
circulates unbound, the rest is bound by sex hormone-binding globulin
(SHBG) or albumin, with SHBG binding 66% of total circulating T (22).
The non-SHBG-bound fraction of T is assumed to be biologically active.
With increasing age, the mean circulating level of T declines gradually. As
a result, T levels in women aged 40 are approx half those of women in their
early 20s (20). The levels of DHEA and DHEAS also fall linearly with age,
resulting in a further decline of T (20). Other iatrogenic causes besides
surgical (bilateral) oophorectomy, which immediately reduces A and T
levels by about 50%, include the use of gonadotropin-releasing hormone
(GnRH) analogs, chemotherapy, or radiotherapy (20). Exogenous oral estro-
gens lower circulating T levels by increasing SHBG and suppressing pitu-
itary luteinizing hormone secretion (24).

Pathophysiology of Pain Conditions
DYSPAREUNIA

This describes pain on vaginal penetration, but dyspareunia can also
occur during sexual stimulation. Superficial pain may be a result of vulvi-
tis, vulvovaginitis, vulvovestibulitis, genital herpes, urethritis, atrophic
vulvitis, irritants (e.g., spermicides and latex), gynecological and obstetric
interventions (episiotomies), local radiotherapy, and sexual traumas (3).
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Deep dyspareunia, resulting from pelvic thrusting during sexual inter-
course, may be caused by pelvic inflammatory disease, fibromyalgia,
gynecological, pelvic or abdominal surgery, postoperative adhesions,
endometriosis, genital or pelvic tumors (including fibroids), urinary tract
infections, and ovarian cysts.

VAGINISMUS

This is a conditioned response that results from associating sexual
activity with pain and fear. The immediate pathomechanism of vaginismus
is the involuntary muscle spasm. It may be caused by physical or sexual
abuse, medical procedures experienced during childhood, painful first
sexual intercourse, and fear of pregnancy. Other suggested factors include
religious issues, or fear of intimacy or aggression (3).

Psychogenic
Emotional and relational issues can significantly affect sexual function.

Self-esteem, body image, and the quality of the relationship with their
partner can affect a woman’s ability to respond sexually. Depression and
other mood disorders are often associated with FSD. Medications com-
monly used to treat depression can significantly affect the female sexual
response, especially serotonin reuptake inhibitors (SSRIs) (25). Decreased
desire, arousal, genital sensation, and difficulty achieving orgasm are
commonly reported side effects, which can lead to patients’ dissatisfaction
and noncompliance with treatment (26). It is crucial for the physician to
carry out an extensive assessment of the sexual complaints and the context
in which they are experienced. Some medications are more frequently
associated with sexual dysfunction, and therefore a change of the medica-
tion for the treatment of depression should be considered in patients con-
cerned about sexual functioning

DEFINITIONS (TABLE 1) AND EPIDEMIOLOGY
Sexual Desire Disorders

HYPOACTIVE SEXUAL DESIRE DISORDER

In addition to the 1998 consensus definition, Basson suggests the fol-
lowing expanded definition, which expands the concept of receptivity:
“HSDD is the persistent or recurrent deficiency (or absence) of sexual
fantasies, thoughts, desire for sexual activity (alone or with partner), and
inability to respond to sexual cues that would expect to trigger responsive
sexual desire. These symptoms need to be causing personal distress.” (9).

HSDD may be secondary to other sexual dysfunctions, such as
anorgasmia. It may also result from a variety of medical and psychiatric
conditions, as well as partner conflicts and loss of attraction.
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Low desire is a highly prevalent sexual problem in both men and women
(6). In the population-based NHSLS, 33.4% of women between the ages
of 18 and 59 experienced low sexual desire for at least a few months of the
last year. Low desire was more common in women with the lowest educa-
tion levels (42%) and in African-American women (44%) (2). HSDD may
be age-related, and is increasingly prevalent above the age of 60 in both
sexes (27). Low desire is more common in those with comorbid medical
and psychiatric disorders, particularly chronic illnesses and depression.
Loss of libido is a frequent complaint of patients taking antihypertensive
or antidepressant medications, particularly SSRIs (25,28). However,
whether these medications cause low libido has yet to be determined in
prospective studies.

Women are more commonly affected by HSDD than men: the female-
to-male ratio is about 2:1 or 3:1; in some reports, it is even higher (6).
Female patients with arousal or orgasmic disorder may also have a second-
ary diagnosis of HSDD. Relationship conflict is often cited as an important
causal factor for HSDD in women, specifically lack of trust and intimacy,
conflicts over power and control, and loss of physical attraction to the
partner (27). In one study, women with HSDD reported increased fre-
quency of premarital sex, poorer marital adjustment, and diminished feel-
ings of emotional closeness with their partners (27).

SEXUAL AVERSION DISORDER

The prevalence of sexual aversion disorder is currently unknown be-
cause it is considered a subcategory of HSDD and therefore, separate
prevalence data for this disorder are not available. A history of sexual
trauma or abuse is associated frequently with this disorder in the clinical
literature (6,29).

Sexual Arousal Disorders
The consensus definition accepts the interplay of psychological and

biological factors and allows the woman who may be lubricated but who
lacks mental excitement, to be diagnosed with female sexual arousal dis-
order (FSAD) (1). Disorders of arousal can include decreased labial and
clitoral sensation and engorgement, and the lack of vaginal smooth muscle
relaxation. FSAD is associated with age, psychological factors or under-
lying medical conditions, which lead to diminished vaginal or clitoral
blood flow. Prior pelvic surgery, trauma, or medications can be etiologi-
cally responsible (11). Women with FSAD may experience pain with
intercourse because of inadequate lubrication and vaginal irritation.

According to the NHSLS, approx 20% of women aged 18 to 59 reported
difficulty in becoming lubricated during sexual stimulation (2). Similar
results were reported in a large British study, where “problems with
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arousal” and “vaginal dryness” were reported as a current problem by 17
and 28% of all female respondents, respectively (30). Forty-nine percent
of the women with vaginal dryness reported this as a lifelong problem. In
another study of 329 women attending an outpatient gynecology clinic,
13.6% of women experienced a lack of lubrication during most or all
sexual activity, and 23.3% reported having this problem on occasion (31).
Among the postmenopausal women in this study, the incidence of lubrica-
tion problems  increased to 44.2%. It should be noted that, depending on
the definition of the disorder and the type of sample studied, the prevalence
of FSAD can vary greatly.

Orgasmic Disorders
Orgasmic disorders may be primary or secondary: Primary orgasmic

dysfunction or, anorgasmia, describes a condition in which the individual
has never achieved orgasm through any means of stimulation. In contrast,
individuals who are orgasmic with masturbation but not with a partner are
referred to as secondary or situational orgasmic dysfunction (5).

Female orgasmic dysfunction is a highly prevalent female sexual prob-
lem: The rate of anorgasmia in women among sex therapy clinic samples
has been reported to range between 24 and 37% (6). These rates are com-
parable to population-based survey studies (25,28). According to the
NHSLS, the prevalence of anorgasmia is significantly higher in single
women, compared with married women (2). The NHSLS found no rela-
tionship between anorgasmia and race, socioeconomic status, and educa-
tional or religious background (2,32). In the previously mentioned study
of 329 women attending an outpatient gynecology clinic, 15.4% of the
premenopausal women and 34.7% of postmenopausal women reported
having difficulty in achieving orgasm during sexual stimulation (31).

Orgasmic dysfunction has been associated with relationship and psy-
chological distress factors, decreased satisfaction with marital relation-
ships, concurrent psychiatric disorders, and other relationship conflicts in
several studies (30,32).

A delay or absence of orgasm is a common complaint in women receiv-
ing antidepressant medications, particularly SSRIs (25). This side effect
has been reported to occur in up to 50% of some samples, depending on
both the type of drug and the dosage. The mechanism is unknown. Possible
mediators include: Drug accumulation, elevated prolactin levels, anticho-
linergic effects, and inhibition of NO synthetase (25).

Sexual Pain Disorders
DYSPAREUNIA

Dyspareunia is a common sexual problem. According to the NHSLS,
14.4% of women have experienced pain during sexual activity during the
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past year. In this study, dyspareunia was found to be inversely related to
age and minority status (2). According to the previously mentioned Brit-
ish survey, 18% of the women reported dyspareunia as a current sexual
problem and 45% reported it as a lifelong sexual problem (30).

In a study from North Carolina, the prevalence of dyspareunia and
pelvic pain was assessed using a questionnaire in a clinical population
of 701 consecutive women aged 18 to 45 yr in obstetrics and gynecology,
and family medicine practices. Dyspareunia and pelvic pain were
reported by 46 and 39%, respectively. Low income was found to be a risk
factor for dyspareunia, and the African-American race was found to be
a risk factor for pelvic pain. Dyspareunia and pelvic pain were not asso-
ciated with age, parity, marital status, income, or education (33). In
contrast, a study of 300 healthy women, ages 16 to 53 who sought ser-
vices at family planning centers in Tehran, Iran, demonstrated a preva-
lence of dyspareunia of only 10%. All participants were married, and
38% of the women had at least one sexual dysfunction, including inhib-
ited desire (15%), inhibited orgasm (26%), lack of lubrication (15%),
and vaginismus (8%) (34).

Two European studies addressed the prevalence of dyspareunia in
postmenopausal women. One cross-sectional, nationwide survey studied
2157 noninstitutionalized Dutch women, aged 50 to 75 yr. The survey
sample was representative of the female population aged 50 to 75 yr with
respect to age, marital status, level of education, and menopausal age.
The response rate was 81.6% (n = 1761). The prevalence of vaginal
dryness, soreness, and dyspareunia was 27% (35). Another study from
Sweden showed a prevalence rate of 41% in 630 women in the age group
of 61 to 81 yr (36).

Thus far, dyspareunia is the only female sexual dysfunction in which
organic factors have been shown to play a major role, and there is a need
for integration of medical and psychological formulations.

VAGINISMUS

This disorder is frequently encountered in sex therapy clinics, occurring
in approx 15 to 17% of women presenting for treatment (37). The distinc-
tion between dyspareunia and vaginismus can be problematic, because
pain itself can prevent penetration and cause muscular contractions. The
DSM-IV distinguishes generalized vaginismus from situational vaginis-
mus. General vaginismus refers to involuntary vaginal spasms in all situ-
ations, whereas in situational vaginismus, some penetration is possible.
The cause is unknown. Vaginismus has been reported to occur in numerous
medical conditions or may be related to psychological or interpersonal
factors (37).
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OTHER SEXUAL PAIN DISORDERS

This includes anatomic and inflammatory conditions, including infec-
tions, vestibulitis, prior genital mutilation or trauma, and endometrio-
sis (3).

THERAPY
Psychotherapy

The goal of sex therapy is to create or restore mutual sexual comfort,
satisfaction, and pleasure. Specific treatment components are included in
order to assist the woman and her partner in developing a “pleasure-
focused” approach to sex (29).

As with any form of treatment, a comprehensive diagnostic assessment
must precede intervention. Subsequent treatment decisions and approaches
are guided by the unique constellation of contributing etiological factors.
An assessment of FSD includes: (1) an evaluation of current sexual func-
tioning, including feelings and thoughts of desire and receptivity to sexual
activity; (2) an accurate elucidation of the presenting problem and any
comorbid problems; (3) the formulation of “working hypotheses” of the
most relevant etiological and maintaining factors; (4) identification of
treatment goals and a treatment plan; and, finally, (5) clear, constructive
feedback to the woman and her partner (38).

Most cases of female sexual complaints are multiply determined and,
therefore, the assessment must cover a variety of different topics and may
take several visits. The following areas are important topics to include in
an assessment: Descriptive information, elucidation of the problem, psy-
chosexual history, history of sexual abuse or trauma, medical history,
psychological and medical functioning, current environmental stressors,
relationship distress, and secrets (38).

Nondemand or sensual touching exercises, conditions that facilitate
sexual activity, replacing myths and misinformation with accurate infor-
mation, better couple communication, bibliotherapy, and sex education, as
well as systemic and psychodynamic interventions form the cornerstones
of sex therapy (38). Successful treatment outcome depends on successful
resolution of the emotional and interpersonal issues that accompany the
sexual complaint. The clinician’s ability to be nonjudgmental, sensitive to
gender and cultural nuances, and validating are crucial. Whether the for-
mat of treatment is individual or couple’s therapy, the sexual relationship
is “the client” being treated (38). Most basic interventions in sex therapy
include nondemand or sensual touching exercises, setting the stage for
sexual activity, cognitive restructuring, communication training, educa-
tion, trauma therapy, as well as psychodynamic and insight-oriented
therapy.
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Pharmacotherapy
GENITAL AROUSAL DISORDER

Ideally, medications for genital arousal disorder would enhance the
action of endogenous neurotransmitters of arousal, including nitric oxide
NO and vasoactive intestinal polypeptide. NO is believed to be a major
neurotransmitter involved in vulval congestion (39), whereas vasoactive
intestinal polypeptide is thought to be a major neurotransmitter in vaginal
congestion (40). Recently, a double-blind, placebo-controlled study evalu-
ated sildenafil (25–100 mg) in women with arousal disorder (41). Women
were either postmenopausal or posthysterectomy. Significantly more
women reported improved sensation and increased satisfaction with
sildenafil compared with placebo in this report. These improvements were
more pronounced in the subgroup of women without HSDD. Most adverse
events were mild-to-moderate in severity. Postmenopausal women with
impaired orgasmic and arousal disorder under estrogen replacement, how-
ever, showed only a limited response to sildenafil regarding arousal,
although sildenafil reduced latency to orgasm. (41). Increased vaginal
pulse amplitude and subjective arousal just reaching statistical signifi-
cance was shown in a small subgroup of women with spinal cord injury
(42). Similarly, Caruso (43) reports a study of 51 premenopausal women
with genital FSAD showing benefit in subjective arousal over placebo.
Despite the apparent efficacy in improving arousal and orgasm in these
women, only 70% elected to continue using the medication. Several stud-
ies also documented improvements in SSRI-induced sexual dysfunction in
women after administration of sildenafil (44).

Topical vasodilators, such as prostaglandin E1, may have a role in genital
FSAD where there is total disruption of the autonomic nerves involved in
the vulval congestive mechanism, e.g., conus lesion or after radical pelvic
surgery. -Blocking drugs, topically or even systemically if side effects are
tolerable, remain another possibility. Scientific studies of directly acting
vasoactive agents and subjective arousal are needed.

HORMONAL THERAPY

Androgen Measurements
Research in the role of testosterone in women has been limited by the

insensitivity of assays for total and free T within the normal female range.
In addition, many older studies did not take into account diurnal or cyclical
T variation in women (20).

Because of variability in measurements, physiological (cyclical/diurnal)
variation, and the plethora of assays, it is often difficult to determine if
androgens are normal, increased, or decreased. This is especially true for T.
Methods used vary, and even use of standardized methods, such as radioim-
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munoassay, are variable depending on whether serum is extracted and/or
undergoes chromatography before radioimmunoassay. Upper normal ranges
vary from 50 to 100 ng/dL (45). T levels are considered low if they are less
than 20 ng/dL, and after oophorectomy values are usually less than10 ng/dL
(45). The most sensitive measurement of T bioavailability is unbound or free
T, although the commercial assays for “free” T can be inconsistent or invalid
(45). Therefore, many investigators prefer to use the free T index, which is
a calculated value, usually the ratio of T-to-SHBG (45).

Androgens and Their Influence on Mood, Well-Being, and Libido

Although sexuality and libido are determined by multiple factors, andro-
gens seem to play a major role in sexual motivation behaviors and sexual
desire, and low T levels have been associated with low libido (46). Because
androgens decrease steadily with age unrelated to menopause, decreasing
levels may contribute to low libido in pre- and postmenopausal women. In
younger women, bilateral oophorectomy causes a 50% decrease in A and
T levels, resulting in significant deterioration in sexual desire (20). Several
studies in postmenopausal women on T therapy could document an
improvement in multiple parameters of general health, sexuality, and well-
being compared with estrogen therapy alone (46). It should be pointed out,
however, that the accuracy of T assays in women has been found to be
lacking, and that “normal” androgen ranges in women of different age
ranges are unknown (46).

Although there is an increasing usage of T treatment, data on efficacy
from controlled clinical trials are few, and treatment guidelines are based
on limited experience on the effect of T on sexual function. Data on younger
menstruating women are even more limited. Improvement of libido with
androgen therapy in premenopausal women could be demonstrated only in
small numbers without placebo control (47). An important study published
recently demonstrated decreased T, free T, and DHEAS levels in 70% of
105 women with decreased libido, including 37 premenopausal women
(48). Because the latter group of women were menstruating normally,
indicating a normal ovarian function, the authors concluded that decreased
libido in premenopausal women was because of possible defects in regu-
latory mechanisms of adrenal steroidogenesis.

Several studies in postmenopausal women on T therapy could document
an improvement in multiple parameters of general health, sexuality, and
well-being compared to estrogen therapy alone. Shifren et al. reported on a
multicenter, randomized, T-replacement trial with 75 surgically menopausal
women. Subjects received T patches that delivered the equivalent of either
150 or 300 μg/d, twice a week. There was a statistically significant improve-
ment in their Brief Index of Sexual Functioning for Women score, and a
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significant improvement in the depression component of the psychological
general well-being questionnaire. In addition, they reported more interest in
sexual activity, greater frequency of intercourse, and greater frequency and
quality of orgasms when they were using the patch vs the placebo. The
women did not report any incidence of acne or hirsutism. Notably, women
under 47 yr of age experienced a high placebo response (49).

Tuiten et al. administered sublingual 5 mg tundecanoate or placebo in
a double-blind, crossover design to eight healthy premenopausal women
(mean age of 28 yr). The intervention was followed by visual–sexual stimu-
lation every 1.5 h, during which plasma hormone levels and self-report
questionnaires were collected. T was associated with subjective experi-
ences of “genital sensations” and “sexual lust” which peaked 4.5 h after T
administration (50). Finally, in a double blind, placebo-controlled trial,
oral DHEA replacement enhanced sexual desire and improved well-being
in women with adrenal insufficiency (51).

Determination of Androgen Deficiency
and Indications for Androgen Replacement

In the setting of bilateral oophorectomy, androgen deficiency is clear.
Many other indications for androgen replacement remain controversial.
Possible clinical indications for T replacement include T deficiency fol-
lowing natural or surgical menopause, chemotherapy or irradiation, pre-
mature ovarian failure, and premenopausal loss of libido with diminished
serum-free T (20). Other medical indications for T replacement include
management of premenstrual syndrome, pituitary adrenal insufficiency,
corticosteroid therapy, induced bone loss, management of chronic wast-
ing syndromes secondary to chronic illnesses, malignancy, or human
immunodeficiency virus infection, and premenopausal iatrogenic andro-
gen deficiency states, including treatment of endometriosis (20,45).

Currently Available Preparations for Androgen Replacement
Various androgen preparations can be used in women. However, only an

estrogen–testosterone combination as an oral preparation is FDA-approved1

for use in women. None of the substances are FDA-approved for the use in
female sexual dusfunction. Regardless of the mode of administration, the
initial postadministration peak is usually supraphysiological. Available
preparations have been reviewed recently by Lobo and Davis and Tran
(20,45), and are summarized in Table 2.

In general, T injections are not recommended because of the risk of
accumulation and the inconstant serum levels. Methyltestosterone is not
available in some countries because of reported liver damage after long-

1 FDA-approved for “vasomotor symptoms associated with menopause.”
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term, high-dose therapy. T cream is currently undergoing clinical trials,
therefore pharmacological data are required to establish efficacy and thera-
peutic guidelines. Other approaches include the administration of T via the
vaginal, buccal, or sublingual route. Regardless of the preparation, patients
have to be monitored very carefully for their serum levels and for clinical
side effects.

Potential Adverse Effects and Risks of Androgen Replacement

Masculinizing side effects of androgen replacement therapy include
acne, hirsutism, temporal alopecia, voice deepening, and clitoromegaly
(20). These side effects can be irreversible. With T injections at 2 to 4-wk
intervals, there is a risk of accumulation, and elevated T levels after iatro-
genically induced hirsutism (T injections or implants) may require up to
6 mo to normalize (45). Judicious dosing and careful monitoring of the
patients is therefore important to keep the risk of adverse events as minimal
as possible. Davis and Tran suggest that postmenopausal T replacement
should only be prescribed with concurrent estrogen therapy, as there are no
large studies providing data regarding the use of T alone (20). Undesirable
effects on body composition (fluid retention, increase in lean body mass)
have been described to be rare (31). Effects on lipids include a decrease of
high-density lipoprotein cholesterol and triglycerides. However, low-den-
sity lipoprotein is lowered to a similar extent as estrogen and lipoprotein
(a) (45). Regarding vascular function, a dilation and preservation of favor-
able effects of estrogen on coronary artery flow have been described (20).

Table 2
Current and Future Androgen Preparations

Route of administration/compound Dose range Frequency

Oral Methyltestosterone 1.25–2.5 mg Daily
Testosterone undecanoate a,b 40–80 mg Daily
DHEA 25–50 mg Daily

Transdermal T-patch c 150–300 mg Twice weekly
T-gel b 1 mg 1 mg/d
1% T-cream b 5–10 mg Daily

Subcutaneous T-implant b 50–100 mg 3–6 mo
IM  injection Nandrolone undecanoate b 25–50 mg 6–12 wk

Mixed T esters b 50–100 mg   4–6 wk
Testosterone enanthate b 25–50 mg   4–6 wk
Testosterone cypionate b 25–50 mg   4–6 wk

a Not available in the United States.
b Not approved for women.
c In development.
DHEA, dehydroepiandrosterone; IM, intramuscular.
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Thus, there are no known adverse cardiovascular effects of T replacement
using the regimens and doses considered. Finally, there are no data sug-
gesting a change in the risk status for developing breast cancer with the
addition of androgens (20,45). Similarly, there is no risk of endometrial
hyperplasia when comparing estrogen to an estrogen–androgen combina-
tion (45).

Mechanical Devices
Two categories of mechanical devices currently exist: mechanical vibra-

tors and a clitoral vacuum engorgement device. Both devices rely on the
finding that vascular engorgement of the clitoris is important and may be
used to treat arousal and orgasm disorders (53). However, the mechanism of
action for mechanical vibrators and the clitoral vacuum device is believed
to be different.

Mechanical vibrators have been used to treat primary and secondary
anorgasmia with some success, especially when combined with psycho-
logical counseling (54). The clitoral vacuum engorgement device uses a
gentle vacuum to engorge the clitoris even in the presence of blood vessels
affected by vascular disease. This ability to engorge the clitoris even if the
genital blood flow is diminished may have important implications for
treatment efficacy.

The clitoral vacuum device (EROS Therapy Device, UroMetrics, Inc.,
St. Paul, MN) was approved by the FDA in April 2000 and has been inves-
tigated in clinical trials designed to measure its effectiveness in treating
symptoms of FSD, especially female sexual arousal disorders. A study
performed by Billups et al. in 20 women with FSD (nine premenopausal and
11 postmenopausal) showed improvement in genital sensation, vaginal
lubrication, orgasm, and sexual satisfaction (53). During a 3-mo period of
Eros Therapy-device use, a substantial majority of women with symptoms
of FSD (p < 0.001) reported improvement in sensation (90%), vaginal
lubrication (80%), orgasm (55%), and sexual satisfaction (80%). No
adverse clinical events were reported and no women reported decreased
function in any of the four categories. A follow-up study by Wilson et al.
(55) showed similar (p < 0.05) results in 10 women with FSD with improve-
ments in sensation (80%), vaginal lubrication (70%), orgasm (60%), and
sexual satisfaction (90%). The device can be used as a monotherapy or in
combination with vasoactive substances or hormonal therapy.

SUMMARY
FSD disorders are highly prevalent and often undertreated. The etiology

involves multiple factors. Evaluation, diagnosis, and treatment of FSD
disorders have become major areas of interest and research in the medical
community (Table 3).
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Aside from psychotherapeutic approaches, which continue to be of major
importance, a number of modalities to treating FSD are evolving, including
vasoactive substances, hormonal therapy, and mechanical devices. The
definitive role of each respective treatment has yet to be resolved. Interdis-
ciplinary cooperation and team approach, as well as education of both the
health care provider and the patient, are of paramount importance in improv-
ing quality of care in women with FSD.
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