
TREATMENT UPDATE

The Relationship Between
Erectile Dysfunction and
Cardiovascular Disease.
Part II: The Role of PDE-5
Inhibition in Sexual Dysfunction
and Cardiovascular Disease
Vishal Kapur, MD, Christopher V. Chien, MD, Justin E. Fuess, MD,
Ernst R. Schwarz, MD, PhD, FACC, FESC, FSCAI
Division of Cardiology, Cedars-Sinai Medical Center, Los Angeles, CA

Erectile dysfunction (ED) is a sensitive indicator of wider arterial insufficiency and an
early correlate for the presence of ischemic heart disease. Among patients with coro-
nary artery disease, prevalence reports of ED range from 42% to 75%. The US Food
and Drug Administration has approved 3 phosphodiesterase-5 (PDE-5) inhibitors for
treatment of male sexual dysfunction: sildenafil, tadalafil, and vardenafil. PDE-5 in-
hibitors also have cardiovascular effects. They inhibit PDE-5 enzymes in pulmonary
vasculature, which causes vasodilation that decreases pulmonary vascular pressure.
Sildenafil is approved for treatment of patients with pulmonary hypertension. PDE-5
inhibition with sildenafil improves cardiac output by balancing pulmonary and sys-
temic vasodilation, and augments and prolongs the hemodynamic effects of inhaled
nitric oxide in patients with chronic congestive heart failure and pulmonary hyperten-
sion. In vivo and in vitro studies are examining the possible beneficial effects of PDE-5
inhibitors in conditions such as myocardial infarction and endothelial dysfunction.
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The number of men in the United States at risk for erectile dysfunction
(ED) is expected to rise from 12 million in 1995 to 21 million by the year
2025.1 Phosphodiesterase-5 (PDE-5) inhibitors are a class of medications

approved by the US Food and Drug Administration (FDA) for the treatment of
ED. Inhibition of the enzyme PDE-5 maintains a nitric oxide (NO)–mediated va-
sodilation in penile tissue and thereby facilitates erection.2 The multisystemic
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effects of PDE-5 inhibitors have
prompted their evaluation for use in
other disease processes. They have
been shown to inhibit PDE-5 en-
zymes in pulmonary vasculature,
which causes vasodilation that de-
creases pulmonary vascular pressure,
and are being used for treatment of
pulmonary hypertension.3 In vivo
and in vitro studies are also examin-
ing the possible beneficial effects of
PDE-5 inhibitors in cardiac disease,
including myocardial infarction,
heart failure (HF), and endothelial
dysfunction. 

In the Fall 2007 issue of Reviews in
Cardiovascular Medicine, we critically
examined the background, patho-
physiology, and mechanisms behind
sexual dysfunction and its close cor-
relation to cardiovascular disorders.4

Here we will discuss the potentials of
PDE-5 inhibition in the treatment of
male sexual dysfunction and other
conditions. 

Pathophysiology
In men, sexual stimulation causes
the release of NO from nerve endings
and endothelial cells in penile tissue,
which activates the enzyme guany-
late cyclase. This process results in
increased synthesis of cyclic guano-
sine monophosphate (cGMP) in the
smooth muscle cells in the corpus
cavernosum. The increase in cGMP
mediates a decrease in intracellular
calcium that leads to smooth muscle
relaxation in the corpus caver-
nosum, which in turn allows for in-
creased blood flow into the penis, re-
sulting in erection.5 The degradation
and resulting tissue concentration of
cGMP is regulated by phosphodi-
esterases (PDEs). Eleven subtypes of
PDEs have been identified in human
tissues. PDE-2, 3, 4, 5, and 11 are
found in penile tissues, with PDE
type 5 the predominant type.6 Inhi-
bition of PDE-5 enhances erectile
function (EF) by increasing the

amount of NO- and cGMP-mediated
smooth muscle relaxation and va-
sodilation in the corpus cavernosum.
This property forms the basis of the
use of PDE-5 inhibitors in patients
with ED. 

The PDE-5 Inhibitors
Several studies on the efficacy of
PDE-5 inhibition in men with sexual
dysfunction led the FDA to approve
the first PDE-5 inhibitor, sildenafil
(Viagra®, Pfizer Inc., New York, NY),
in 1998. In 2004, 2 additional med-
ications of the same class, tadalafil
(Cialis®, Eli Lilly and Co., Indianapo-
lis, IN) and vardenafil (Levitra®,
Bayer HealthCare Pharmaceuticals
Corp., Wayne, NJ), emerged in the
market. PDE-5 inhibitors are the first
class of oral agents to provide effec-
tive therapy for ED. The differences
among sildenafil, tadalafil, and var-
denafil can be understood through
the pharmacologic characteristics of
selectivity, potency, and bioavailabil-
ity (Table 1). All PDE-5 inhibitors
are metabolized primarily through
the hepatic cytochrome P450 en-
zyme 3A4 and secondarily through
the P450 enzyme 2C9.7 Plasma levels
of a PDE-5 inhibitor can be increased
by the concomitant use of the drug
with a potent cytochrome P450 3A4
inhibitor (erythromycin, ketocona-
zole, and itraconazole, among sev-
eral others) or the nonspecific cy-
tochrome P450 (CYP) inhibitor
cimetidine.3,5-8

Sildenafil
Sildenafil citrate is designated
chemically as 1-[[3-(6,7-dihydro-
1-methyl-7-oxo-3-propyl-1H-pyra-
zolo[4,3-d]pyrimidin-5-yl)-4-eth-
oxyphenyl]sulfonyl]-4-ethylpiperazine
citrate. It is a short-acting PDE-5 in-
hibitor, with duration of action of
4 hours. The onset of action of this
drug is between 15 and 30 minutes,
and it has a half-life of 3 to 4 hours.

Sildenafil is converted to an active
metabolite with a bioavailability of
40% and is excreted 80% in feces and
20% in urine. The main side effects
observed with sildenafil use are
headache, flushing, nasal conges-
tion, dyspepsia, back pain, and vi-
sual changes. 

Several worldwide clinical trials
have established the efficacy and
safety of sildenafil as a therapy for
ED. Meuleman and colleagues8 ob-
served that the overall response rate
to sildenafil therapy was 68%. How-
ever, lower response rates were seen
in diabetic patients (for type I, 59%;
for type II, 64%) by Boulton and
coworkers.9 The phase III trials of
sildenafil demonstrated that the
highest response rates to the global
efficacy question were observed in
men for whom ED was thought to be
predominantly psychogenic (re-
sponse rates: sildenafil 84%, placebo
24%). The efficacy of sildenafil was
maintained in long-term studies (36
to 52 weeks), with only 5% of pa-
tients discontinuing treatment be-
cause of lack of efficacy.10 The drug
was well tolerated. In 3 open-label
extension studies, Carson and col-
leagues11 examined long-term (1 to
3 years) effectiveness of sildenafil
in ED patients. Significantly im-
proved EF was demonstrated with
sildenafil for all efficacy parameters
analyzed (with P values ranging from
� .02 to � .0001). More than 95% of
patients, regardless of age, race, body
mass index, ED etiology, ED severity,
ED duration, or the presence of vari-
ous comorbidities, reported that they
were satisfied with their erections
while on long-term treatment. Fink
and colleagues12 performed a system-
atic review and meta-analysis on the
safety and efficacy of sildenafil in the
treatment of ED patients. The data
analysis showed the pooled results of
14 parallel-group, flexible as-needed
dosing trials. Sildenafil resulted in a
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higher percentage of successful inter-
course attempts than placebo (57%
vs 21%; n � 2283 men), and a greater
percentage of men experienced at
least 1 successful intercourse episode
during treatment with sildenafil
(83% vs 45%; n � 2205 men).

Vardenafil
Vardenafil was the second drug ap-
proved by the FDA for use in patients
with ED. It is structurally similar to
sildenafil, but it is a more selective in-
hibitor of PDE-5. In vitro studies have
shown that the potency of vardenafil
in inhibiting PDE-5 purified from
human corpus cavernosum tissue is
approximately 25 times greater than
that of sildenafil and 48 times greater
than that of tadalafil.13 Vardenafil
has similar pharmacokinetics to
sildenafil, with a time of onset be-
tween 15 and 45 minutes and a dura-
tion of action of about 4 hours. Var-
denafil is also converted to an active

metabolite with a half-life of 4 to 5
hours, and it has bioavailability of
15%, with principal excretion in the
feces (90%). Additionally, since var-
denafil is predominantly metabolized
by the hepatic enzyme CYP3A4, and
to a lesser extent by CYP3A5 and
CYP2C, inhibitors of these enzymes
may reduce vardenafil clearance.
Consequently, concomitant use of
vardenafil with potent CYP3A4 in-
hibitors such as ritonavir, indinavir,
erythromycin, itraconazole, and ke-
toconazole is not recommended in
order to minimize any possible ad-
verse drug reactions.14

A recent pooled subgroup analysis
of randomized, double-blind,
placebo-controlled trials studied
1385 men with ED who were treated
with placebo versus flexible-dose
vardenafil over a 12-week period.
The study showed a high response
rate to vardenafil in all subgroups
based on the International Index of

Erectile Function (IIEF) survey15 and
on the Global Assessment Question
(GAQ)—“Has the treatment im-
proved your erections?” Vardenafil
generated positive GAQ responses in
approximately 71% of men younger
than 45, 76% of men ages 45 to 64,
and 85% of men older than 65
(P � .001 vardenafil vs placebo). At
the end of the treatment period in all
3 age groups, vardenafil doses of 5,
10, and 20 mg were associated with
statistically significant increases in
the IIEF-EF domain score compared
with placebo (P � .03 for vardenafil
5 mg; P � .001 for vardenafil 10 mg
and 20 mg).15 A retrospective analy-
sis examined data from 2 random-
ized, double-blind studies of men
with ED who received variably dosed
vardenafil or placebo for 12 to 26
weeks. The success rate for achieving
erections before sexual intercourse
was significantly increased from
15 minutes through 6 hours after

Table 1
Pharmacologic Characteristics of the PDE-5 Inhibitors

Sildenafil Vardenafil Tadalafil

Onset of action (min) 15-30 15-45 15-30

Duration of action (h) 4 4 36

Half-life (h) 3-4 4-5 17.5

Bioavailability (%) 40 15 25

Active metabolite Yes Yes No

Excretion Feces—80% Feces—90% Feces—60%
Urine—20% Urine—5% Urine—35%

Active metabolite Yes Yes No

Contraindications Hypersensitivity to drug, Hypersensitivity to drug, Hypersensitivity to drug,
concomitant use of nitrates, concomitant use of nitrates concomitant use of nitrates
�-blockers

Warnings/precautions Recent stroke, myocardial Hepatic and renal insufficiency, Hepatic impairment,
infarction (within 6 months), prolonged QT interval, left renal insufficiency
resting hypotension (blood ventricular outflow obstruction,
pressure � 90/50), unstable hypotension
angina, retinitis pigmentosa

PDE-5, phosphodiesterase-5.
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dosing in patients treated with varde-
nafil as compared with placebo.16 Fur-
thermore, the ability to maintain an
erection was increased by vardenafil
(from as early as 15 minutes after dos-
ing through 12 hours after dosing). It
has also been reported that the cumu-
lative probability that a man will
achieve successful penetration and
maintain an erection increased with
the number of times that vardenafil
was tried, at all 3 doses tested (5, 10,
and 20 mg).17 The cumulative proba-
bility stopped increasing by the
fourth attempt with vardenafil.

Tadalafil
Tadalafil was the third PDE-5 in-
hibitor approved by the FDA for the
treatment of ED. Compared with its
predecessors, tadalafil is known for
its long duration of action (36 hours),
with a half-life of 17.5 hours. The
onset of action is similar to sildenafil
and vardenafil (15 to 30 minutes),
but tadalafil is not converted to an
active metabolite and is excreted
both in feces (60%) and urine (35%). 

The efficacy and safety of on-
demand dosing of tadalafil in men
with erectile dysfunction was as-
sessed in a multicenter, double-blind,
placebo-controlled study.18 The 179
subjects were randomized to receive
placebo or tadalafil at doses of 2 mg,
5 mg, 10 mg, or 25 mg, taken on-
demand during a 3-week period. The
primary endpoints were change from
baseline in response to IIEF ques-
tions 3 (frequency of penetration)
and 4 (frequency of maintained
erections after penetration). The
researchers noticed a significant im-
provement in IIEF question 3 scores
at all doses versus placebo (P � .003).
Tadalafil also significantly improved
IIEF question 4 scores in all but the
2-mg group (P � .0003). The authors
concluded that on-demand tadalafil
at doses up to 25 mg was well toler-
ated and significantly improved
erectile function.

To evaluate a population that was
less responsive to PDE-5 inhibitors in
other trials, a large, multicenter, ran-
domized, double-blind, placebo-
controlled, parallel-group phase III
study19 examined patients with dia-
betes mellitus (type I and type II).
Tadalafil at doses of 20 mg improved
the mean IIEF-EF score to 18.8, with
a mean increase of 7.3, a change
comparable with that observed in
the general population of ED pa-
tients treated with tadalafil. Tadalafil
at 20 mg improved penetration ability
and successful intercourse. The long-
term safety and tolerability of tadalafil
were recently examined in a multi-
center, open-label, 24-month exten-
sion trial that involved more than
1000 patients who were started on a
10-mg dose of tadalafil that could be
increased to 20 mg or decreased to
5 mg.20 The most commonly treated
emergent adverse events—headache
(16%), dyspepsia (12%), nasopharyn-
gitis (11%), and back pain (8%)—were
considered mild or moderate. The dis-
continuation rate that resulted from
these adverse events was 6.3%, and
the rate for any individual event was
less than 1%.

To review, PDE-5 inhibitors have
been well studied in the treatment of
ED and are now the treatment of
choice for patients with sexual dys-
function. Combined medical ther-
apy and psychological support can
significantly improve the quality of
life of the affected individuals.

PDE-5 Inhibitors for Treatment
of Pulmonary Hypertension
PDE-5 inhibitors were initially ap-
proved for use in the United States
for the purpose of treating ED. How-
ever, since their introduction, these
drugs have been studied extensively
in both animals and humans for pos-
sible use in several other disease
processes, such as pulmonary hyper-
tension, cardiomyopathy, and my-
ocardial infarction. This potential

application is based on the fact that
NO plays a role in many cellular and
cardiovascular phenomena, includ-
ing regulation of vascular tone.

The benefit of PDE-5 inhibition
on pulmonary vasculature has been
well studied, and in June 2005, the
FDA approved sildenafil for use in
patients with pulmonary hyperten-
sion (Revatio®, Pfizer Inc., New York,
NY). The FDA approval was based on
results of a large, randomized, dou-
ble-blind, placebo-controlled study
that measured the exercise capabil-
ity of 277 patients with pulmonary
artery hypertension after 12 weeks
of treatment with sildenafil.21 Pa-
tients were randomized to receive
placebo or sildenafil at 20 mg,
40 mg, or 80 mg 3 times a day. All
3 treatment groups showed highly
significant improvements in the
6-minute walk distance (the stan-
dard measure of efficacy in pul-
monary artery hypertension trials)
as compared with placebo. However,
there were no differences observed
among the sildenafil doses studied—
therefore, the approved dosage was
limited to 20 mg 3 times daily. Pa-
tients taking sildenafil also showed
improvements in mean pulmonary
artery pressure. A long-term non–
placebo-controlled extension trial
was also conducted. At the end of
1 year, walk distance and functional
class were stable, and 94% of pa-
tients were still alive. 

To further establish the effective-
ness of the use of sildenafil in pul-
monary hypertension, a recent study
by Garg and colleagues22 showed that
oral sildenafil improved functional
capacity and hemodynamic parame-
ters, and was safe in patients with se-
vere pulmonary artery hypertension.
The beneficial effects were evident as
early as 2 weeks after initiation of the
drug and were dose-related, although
the FDA has only approved a fixed
dose (20 mg 3 times daily) of Revatio.
The most common side effects are
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similar to those reported in the Via-
gra trials—headache, facial flushing,
and upset stomach. 

In patients with pulmonary hyper-
tension secondary to congestive HF,
inhaled NO increases pulmonary vas-
cular smooth-muscle intracellular
cGMP concentration, thereby de-
creasing pulmonary vascular resis-
tance and increasing the cardiac
index. Based on this hypothesis,
Lepore and colleagues23 studied the
effects of oral sildenafil (50 mg), in-
haled NO (80 ppm), and the combi-
nation of sildenafil and inhaled NO
during right-heart and micro-
manometer left-heart catheteriza-
tion. They found that sildenafil ad-
ministered alone decreased mean
pulmonary artery pressure by 12% �
5%, pulmonary vascular resistance by
12% � 5%, systemic vascular resis-
tance by 13% � 6%, and pulmonary
capillary wedge pressure by 12% �

7%. It increased the cardiac index by
14% � 5% (all P � .05). The combi-
nation of inhaled NO and sildenafil
decreased pulmonary vascular resis-
tance by 50% � 4%, decreased sys-
temic vascular resistance by 24% �

3%, and increased the cardiac index
by 30% � 4% (all P � .01). In addi-
tion, sildenafil prolonged the pul-
monary vasodilator effect of inhaled
NO. Administration of sildenafil
alone or in combination with in-
haled NO did not change systemic ar-
terial pressure or indexes of myocar-
dial systolic or diastolic function. In
the end, the authors concluded that
PDE-5 inhibition with sildenafil im-
proves cardiac output by balancing
pulmonary and systemic vasodila-
tion, and augments and prolongs the
hemodynamic effects of inhaled NO
in patients with chronic congestive
HF and pulmonary hypertension. 

A study by van Wolferen and col-
leagues24 in patients with pulmonary
hypertension showed a significant
finding: the addition of a 3-month
course of sildenafil to a 12-month

regimen of bosentan caused a signif-
icant decrease in right ventricular
mass as compared with lone bosen-
tan therapy. The authors postulated
the following 2 mechanisms for the
beneficial effect. First, right ventricu-
lar mass decreases because the
pulmonary vascular resistance de-
creases, resulting in less right ven-
tricular wall stress. The reduction in
right ventricular wall stress is also
supported by the decrease in N-
terminal brain natriuretic propeptide
(NTproBNP) after 3 months of silde-
nafil. Moreover, the reduction in
NTproBNP correlated with the reduc-
tion in right ventricular dilation and
hypertrophy. Second, sildenafil may
have an intrinsic effect on the heart
that has not been explored in detail. 

Lunze and colleagues25 also studied
the effect of oral combination therapy
of sildenafil and bosentan in pul-
monary hypertension. The subjects
were 11 patients with mean pul-
monary arterial pressure exceeding
25 mm Hg. Clinical improvement
was about 1 New York Heart Associa-
tion (NYHA) class (mean 2.8 � 0.4 to
1.6 � 0.8; P � .001), which was asso-
ciated with an increase of transcuta-
neous oxygen saturation (89.9 � 9.9
to 92.3% � 7.1%; P � .037), maxi-
mum oxygen uptake (18.1 � 6.8 to
22.8 � 10.4; P � .043), and 6-minute
walking distance (351 m � 58 m to
451 m � 119 m; P � .039). Mean pul-
monary arterial pressure measured
invasively decreased (62 mm Hg �

12 mm Hg to 46 mm Hg � 18 mm Hg;
P � .041). Thus, based on these stud-
ies and the existing literature, PDE-5
inhibitors have a promising future in
the treatment of pulmonary hyperten-
sion, although further data may help
substantiate the pulmonary effects.

PDE-5 Inhibitors and
Ischemic Heart Disease
There have been increasing data re-
garding the close relationship be-
tween ED and cardiovascular disease

(CVD). ED and CVD share common
risk factors, such as diabetes,26 hyper-
tension,27 smoking,28 and hyperlipi-
demia.29 At the molecular level, ather-
osclerosis and endothelial dysfunction
have been shown to be common to
both ED and CVD, with atherosclero-
sis being the most frequent cause of
vasculogenic ED in older men. Among
patients with coronary artery disease,
prevalence reports of ED have ranged
from 42% to 75%.30-36 Montorsi and
colleagues31 reported the rate of ED in
patients with coronary artery disease
to be as high as 42% to 57%. Con-
versely, the incidence of positive exer-
cise stress testing in patients with ED
ranges from 5% to 56%.37 ED has also
been correlated with the coronary
plaque burden and the number of dis-
eased coronary arteries.30,38

With the approval of PDE-5 in-
hibitors for the treatment of ED,
there has been marked interest in the
role of PDE-5 inhibition in modify-
ing CVD manifestations, such as is-
chemic heart disease. Interestingly,
the initial trial of sildenafil was actu-
ally focused on treating patients with
CVD. It was unsuccessful in treating
CVD, but patients participating in
the trials reported increased EF,
which led to a refocusing of the clin-
ical program that ultimately led to
the approval of sildenafil for the
treatment of ED. With further stud-
ies, it has been confirmed that there
are certain PDE receptors/isoforms
present in coronary and pulmonary
vasculature, including PDE-5 recep-
tors, and hence a possible beneficial
effect has been suggested. ED is a
sensitive indicator of wider arterial
insufficiency and an early correlate
for the presence of ischemic heart
disease.39-41 Assessment of cardiac
risk after a complaint of erectile
problems can potentially reduce sub-
sequent morbidity and mortality.42

An important phenomenon in
cardiac disease is ischemic precondi-
tioning, which is characterized by
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repeated brief episodes of ischemia
that induce a cascade of intracellular
signaling that helps prevent any fur-
ther myocardial stunning and infarc-
tion. A possible hypothesis suggests
that the vasodilatory action of silde-
nafil may potentially release endoge-
nous mediators of preconditioning
that may trigger a signaling cascade
in the cardiac myocytes, resulting in
the release of NO. The generation of
NO could activate guanyl cyclase
and form cGMP. cGMP may in turn
activate protein kinase G that can
subsequently open the mitochondrial
adenosine triphosphate–sensitive K�

(KATP) channel, leading to cardio-
protective effects. There have been
both animal studies and human
studies to support this hypothesis. In
a rabbit model, Salloum and col-
leagues43 observed that vardenafil had
a protective effect on the ischemic/
reperfusion injury by opening the
mitochondrial KATP channel. This
study supported the hypothesis that
PDE-5 inhibitors induce a protective
effect in the ischemic heart. In a
study involving the effect of silde-
nafil on the reperfusion function, in-
farct size, and cyclic nucleotide levels
in an isolated rat heart model, du
Toit and colleagues44 found that:
• Pretreatment with low concentra-

tions of sildenafil (20 to 50 nM)
improved reperfusion function,
whereas higher concentrations
(200 nM) worsened it.

• Low concentrations of sildenafil
(20 to 50 nM) decreased infarct
size, but the higher concentrations
had no effect. 

• The protective properties of low
concentrations of sildenafil may be
related to its cGMP-elevating and
cAMP-suppressing effects in the
ischemic heart. 

• Possible end-effectors for sildenafil
in the ischemic heart include the
mitochondrial and sarcolemmal
KATP channels.

Ferreira-Melo and colleagues45 hy-
pothesized that in a model of re-
duced NO formation, the inhibition
of PDE-5 by selective inhibitors such
as sildenafil could be beneficial in
restoring physiological functions by
enhancing the intracellular levels of
cGMP. In their study, they evaluated
the effects of sildenafil on the hemo-
dynamic and histological alterations
induced in rats by long-term treat-
ment with N�-nitro-L-arginine-
methyl ester (L-NAME). After 8
weeks of concomitant treatment
with sildenafil and L-NAME, arterial
blood pressure was significantly
lower (P � .05) than in the rats
treated with L-NAME alone. The fall
in blood pressure was associated
with a slight reduction in the total
peripheral vascular resistance
(P � .05). Sildenafil partially pre-
vented the decrease in cardiac out-
put seen in L-NAME–treated rats.
Morphologically, sildenafil reduced
the total area of the myocardial le-
sions and attenuated the cardiomy-
ocyte and vascular smooth muscle
remodeling seen with L-NAME.
These results showed that sildenafil
prevented the deleterious hemody-
namic and morphological alterations
associated with L-NAME–induced
hypertension. This beneficial effect
was probably mediated by an in-
crease in cardiac and vascular cGMP
levels as reflected in circulating
plasma cGMP levels. 

Gori and colleagues46 investigated
whether sildenafil could also prevent
the impairment in endothelium-
dependent vasodilation induced by
ischemia–reperfusion in humans. Ten
healthy male volunteers were ran-
domized to 50 mg oral sildenafil
or placebo. Endothelium-dependent
and flow-mediated dilation of the ra-
dial artery was measured before and
after ischemia reperfusion. Sildenafil
limited the impairment in endothe-
lium-dependent vasodilation that

was seen with placebo. This protec-
tive effect was prevented by an in-
hibitor of KATP channels, as was also
seen in a study by Kukreja and
coworkers.47 Das and colleagues48

had shown for the first time that
sildenafil directly protects adult car-
diomyocytes against necrosis and
apoptosis after ischemia–reoxygena-
tion injury. An NO synthase–depen-
dent mechanism and the mitochon-
drial KATP-opening property of
sildenafil both contribute to its role
in inhibition of apoptosis and necro-
sis. These authors also demonstrated
for the first time the presence of PDE-
5 in murine ventricular cardiomy-
ocytes. Therefore, based on these
clinical models, it can be hypothe-
sized that sildenafil might have a
beneficial effect on the myocardium,
specifically on ischemic precondi-
tioning. More studies are needed to
substantiate the effects of PDE-5
inhibitors on the myocardium.

PDE-5 Inhibitors and
Heart Failure
Sexuality is an important component
of quality of life, and sexual dysfunc-
tion is ranked among the most dis-
tressing symptoms reported by pa-
tients with congestive HF.49 ED is
common in the HF population, with
an estimated prevalence ranging
from 25% to 75%.50-55 Jaarsma and
colleagues50 reported that approxi-
mately 75% of patients with HF had
a marked decrease in sexual interest
and frequency of sexual intercourse,
with 32% of patients reporting cessa-
tion of all sexual activity because of
their underlying illness. In another
study of 63 HF patients at an HF and
heart transplantation clinic, 59% re-
ported problems with sexual perfor-
mance and decreased frequency of
sexual activity, and more than 80%
of these patients reported partial or
total loss of interest in sexual activi-
ties since the onset of HF.55

RICM0398_09-11.qxd  9/12/08  10:17 PM  Page 192



PDE-5 Inhibition in Sexual Dysfunction and CVD

VOL. 9 NO. 3  2008    REVIEWS IN CARDIOVASCULAR MEDICINE    193

After the initial release of sildenafil,
the American Heart Association/
American College of Cardiology
(AHA/ACC) expressed concerns
about the use of this drug in patients
with HF based on the lack of cardio-
vascular safety data in this popula-
tion. In the 1999 consensus docu-
ment by the AHA/ACC, HF was
considered to be a relative con-
traindication to the use of sildenafil
and other cardiac medications.56

However, Katz and colleagues57 un-
dertook a multicenter, prospective,
randomized, double-blind, placebo-
controlled trial, which demonstrated
that flexible dosing of sildenafil from
25 to 100 mg was well tolerated.
They further demonstrated im-
proved EF and increased satisfaction
with sexual performance in ambula-
tory subjects who had mild to mod-
erate congestive HF compared with
subjects who received placebo. Stable
HF was defined based on clinical cri-
teria to include the absence of signs
of congestion on physical examina-
tion, no emergency department vis-
its or hospitalizations for HF or
cardiac-related illness for more than
3 months, and a stable medical regi-
men without nitrates for more than
4 weeks. After 12 weeks, sildenafil-
treated patients (n � 60) showed sig-
nificant improvements in IIEF ques-
tions 3 (frequency of penetration)
and 4 (frequency of maintained erec-

tions after penetration) compared
with placebo-treated patients (n �

72; P � .002). Sildenafil-treated pa-
tients reported significant improve-
ment in their erections (74%) and
their ability to have intercourse
(68%) as compared with placebo-
treated patients (18% and 16%, re-
spectively; P � .0001). Sildenafil was
also associated with significantly
higher mean scores on 10 of 11 Erec-
tile Dysfunction Inventory of Treat-
ment Satisfaction (EDITS) survey
items when compared with placebo.
There were no serious treatment-
related adverse events in the study,
and the incidence of all serious ad-
verse events was low in the sildenafil
group (3%) and the placebo group
(5%). With the exception of flush-
ing, no adverse cardiovascular events
were attributable to sildenafil. 

Bocchi and associates58 studied the
effect of sildenafil on exercise capac-
ity and hemodynamics in 23 patients
with HF and ED. In the first phase of
the trial, researchers assessed the ef-
fects of a single oral dose of sildenafil
50 mg versus placebo on systemic he-
modynamics in patients at rest and
during submaximal and maximal ex-
ercise. As compared with placebo,
sildenafil decreased the resting heart
rate and attenuated the increase in
heart rate during exercise. Systolic
blood pressure at rest decreased by 8
mm Hg with sildenafil as compared

with placebo. The second phase of
the study determined the effects of
sildenafil 25 to 150 mg on EF for a
1-month period. The IIEF and EDITS
surveys were used to assess the effi-
cacy and satisfaction of treatment.
Sildenafil improved the overall EDITS
score and the scores for questions 3
(frequency of penetration) and 4 (fre-
quency of maintained erections after
penetration) on the IIEF when com-
pared with baseline. In a single-cen-
ter, randomized, placebo-controlled
trial by Webster and colleagues59

studying the effects of a 6-week
course of 50 mg sildenafil, there was
no significant change in heart rate or
blood pressure. Sildenafil use was also
associated with increased quality-of-
life questionnaire scores and amelio-
ration of depressive symptoms as
compared with placebo.

The hemodynamic effects of silde-
nafil in HF patients have been fur-
ther studied. A small trial by Hirata
and colleagues60 confirmed that
sildenafil use acutely decreased heart
rate. Additionally, there was a signif-
icant increase in cardiac index (by
0.37 L/min/m2), which was likely
due to the observed reduction in
total systemic resistance. Another
potential hemodynamic benefit of
sildenafil in HF is that, at low doses,
it has been shown to increase en-
dothelium-dependent flow-mediated
vasodilation. 

Main Points
• In 1 study, more than 95% of patients with erectile dysfunction were satisfied with their improvement while on long-

term sildenafil therapy.

• Vardenafil treatment improves erections in 71% of men younger than 45, 76% of men ages 45 to 64, and 85% of men
older than 65.

• Tadalafil is known for its long duration of action (36 hours), with a half-life of 17.5 hours.

• Sildenafil is approved for use in patients with pulmonary hypertension.

• Among patients with coronary artery disease, prevalence reports of erectile dysfunction have ranged from 42% to 75%.

• Trials have shown that phosphodiesterase-5 inhibitors can successfully treat erectile dysfunction, as measured by im-
provement of erections or other markers. 

RICM0398_09-11.qxd  9/12/08  10:17 PM  Page 193



PDE-5 Inhibition in Sexual Dysfunction and CVD continued

194 VOL. 9 NO. 3  2008   REVIEWS IN CARDIOVASCULAR MEDICINE

Although the newer PDE in-
hibitors vardenafil and tadalafil may
not present additional cardiac risks,
no clinical safety data on their use
are available in the HF patient popu-
lation. In general, trials have shown
that PDE-5 inhibitors can success-
fully treat ED, as measured by im-
provement of erections or other
markers, such as the IIEF score. 

Conclusion
Available data from the literature
and published trials have established
the efficacy and safety of sildenafil
and other PDE-5 inhibitors in ED.
There has also been some positive
evidence regarding the use of silde-
nafil in patients with pulmonary hy-
pertension, which can be attributed
to the presence of PDE-5 receptors in
the various organ systems. However,
exploration of the roles of PDE-5 in-
hibitors in cardiac ischemia, the my-
ocardium, and HF is in the prelimi-
nary stage. More studies need to be
undertaken to understand, in detail,
the beneficial effects of this class of
medications on the different organ
system and disease processes. 
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