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Summary: The relaxing effect of the phosphodiesterase type
5 (PDE5) inhibitors on vascular smooth muscle has attracted
much attention, especially in persons with cardiovascular dis-
ease. The results of early studies showed that sildenafil slight-
ly reduces systolic and diastolic blood pressures and has no
effect on heart rate, while being safe and well tolerated.
Studies also indicate that sildenafil does not contribute to the
development of myocardial infarction or ischemia. Similar
benign effects on hemodynamics and cardiac events have also
been demonstrated for tadalafil and vardenafil. None of the
PDE5 inhibitors adversely affects total exercise time or time
to ischemia during exercise testing in men with stable angina.
It is key to avoid concomitant administration of nitrates with
any of the PDE5 inhibitors, because this combination can
cause increased vasodilation and a subsequent drop in blood
pressure. Sildenafil has an alpha-blocker precaution; tadalafil
is contraindicated with alpha blockers except for 0.4 mg tam-
sulosin; vardenafil is contraindicated with alpha blockers.
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Introduction

The phosphodiesterase type 5 (PDE5) inhibitors (i.e., silden-
afil, tadalafil, and vardenafil) have had a major impact on the

treatment of erectile dysfunction (ED), and these drugs are
taken by men all over the world. Given this widespread usage,
the efficacy and safety of the PDE5 inhibitors in men with var-
ious comorbidities have been and continue to be the focus of
clinical research.

The effect of the PDE5 inhibitors on hemodynamic param-
eters has also attracted much attention, particularly in men
with cardiovascular disease. Phosphodiesterase type 5 is lo-
cated not only in the vasculature of the corpus cavernosum of
the penis, but also in the smooth muscle cells of the vascula-
ture in the systemic arteries and veins. Thus, PDE5 inhibitors
act as mild vasodilators. During sexual stimulation, release of
nitric oxide (NO) induces cyclic guanosine monophosphate
(cGMP) formation, which promotes vascular smooth muscle
relaxation in the penis. The PDE5 inhibitors facilitate the
erectile process by blocking the breakdown of cGMP. Medi-
ation of NO-induced vasodilation by cGMP also plays a role
in maintenance of resting arterial blood pressure.

The focus of this article is on the impact of the PDE5 
inhibitors on hemodynamic parameters, particularly their 
effects on blood pressure, and on the interactions between
PDE5 inhibitors and nitrates, as well as interactions with al-
pha blockers and other antihypertensive medications. Finally,
this paper will address cardiovascular safety in men taking
PDE5 inhibitors.

Effects of Phosphodiesterase Type 5 Inhibitors on
Hemodynamic Parameters

Effects on Blood Pressure

Zusman et al.1 reviewed the overall cardiovascular profile
of sildenafil, the first PDE5 inhibitor to be approved by the
Food and Drug Administration (FDA). The cardiovascular
effects of sildenafil, given alone and at therapeutic dosage
levels, were relatively modest (Fig. 1A). Following adminis-
tration of sildenafil 100 mg, the mean decrease in supine di-
astolic blood pressure (DBP) was 6.8 mmHg, and the mean
maximal decrease in supine systolic blood pressure (SBP)
was 10.2 mmHg. This effect on blood pressure was indepen-
dent of oral sildenafil dose.
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Effects of tadalafil on blood pressure are mild. In healthy
volunteers receiving tadalafil 10 or 20 mg/day, standing DBP
dropped slightly, by approximately 3 to 5 mmHg (Fig. 1B).
Heart rate did not change in men taking tadalafil (20 mg/day),
nor did SBP change appreciably over time compared with
placebo. Similarly, tadalafil (20 mg/day) produced minimal ef-
fects on heart rate, SBP, and DBP while the patient was supine
(20 mg/day).2–4

In patients with coronary artery disease (CAD), tadalafil
at a dosage of 10 mg/day was associated with a mean de-
crease in standing SBP of 7 mmHg; the decrease in standing
DBP averaged 4 mmHg.4 This study also compared the
numbers and proportion of outliers among subjects taking
placebo, tadalafil 5 mg, or tadalafil 10 mg. Outliers were de-
fined as subjects with clinically significant changes in blood
pressure measured as SBP < 85 mmHg or SBP showing a de-
crease of > 30 mmHg from baseline, or DBP < 45 mmHg or
DBP showing a decrease > 20 mmHg from baseline. Signif-
icant differences were found in the number of patients who
had a decrease in standing DBP > 20 mmHg during tadalafil
10 mg treatment compared with placebo (p ≤ 0.01), and in
the number of patients who had a decrease in sitting SBP
> 30 mmHg during tadalafil 5 mg treatment compared with
placebo (p ≤ 0.05). However, none of the measured decreas-

es in blood pressure was associated with significant hypoten-
sive symptoms.

In general, patients with CAD may have relatively higher
baseline values for SBP and DBP than young, healthy volun-
teers. They, therefore, are expected to experience a more
marked decline in blood pressure in response to vasodilators.

Single-dose studies involving vardenafil at dosages of 20
and 40 mg similarly show negligible hemodynamic effects.5

Vardenafil produced a slight decrease in supine SBP and DBP
and a minor compensatory increase in heart rate. The magni-
tude of these effects was clinically insignificant.5

Interaction of PDE5 Inhibitors with Nitrates

All PDE5 inhibitors can potentiate the hypotensive effects
of organic nitrates by facilitating cGMP-induced vasodila-
tion.6 In studies examining the combined effects of sildenafil
and nitrates as well as those of tadalafil and nitrates on blood
pressure of healthy patients,7 almost twice as many patients re-
ceiving a PDE5 inhibitor had a standing SBP of < 85 mmHg
compared with those taking placebo. In another study examin-
ing the effects of tadalafil and nitrates in patients with stable
angina,8 10 times as many patients taking tadalafil had a stand-
ing SBP <85 mmHg compared with placebo.
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FIG. 1 (A) The effects of single oral doses of sildenafil (50, 100, 200 mg [double the maximum recommended dose]) versus placebo on mean
systolic blood pressure (SBP) and diastolic blood pressure (DBP) over time. The effect was not significantly influenced by sildenafil dosage.
Adapted from Ref. No. 1 with permission. (B) Mean decreases over time in standing SBP and DBP following a single oral dose of tadalafil (10
mg, 20 mg) or placebo in healthy men. At the 10 and 20 mg doses, tadalafil caused only a modest decrease in standing SBP and DBP. Tadalafil
20 mg caused only a minimal decrease of 4.6 mmHg in standing DBP. Adapted from Ref. No. 3 with permission.
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The drop in blood pressure resulting from this combination
of nitrates and PDE5 inhibitors has the potential to be clin-
ically significant.6 For this reason, all PDE5 inhibitors are
contraindicated in patients receiving any form of nitrate ther-
apy.2, 6 In an emergency situation, the administration of ni-
trates may be considered at least 24 h after taking sildenafil.6

This precaution also presumably applies to vardenafil, be-
cause its pharmacokinetic profile is similar to that of silde-
nafil. Although the safe time to administer nitrates following
vardenafil in an emergency situation has not been definitely
determined, additional blood pressure and heart rate changes
were not detected when vardenafil 20 mg was dosed 24 h be-
fore nitroglycerin (NTG) in healthy subjects.9 Tadalafil, on
the other hand, is present in the bloodstream longer than silde-
nafil and vardenafil. The results of a recent placebo-con-
trolled study to assess the timing of interaction between NTG
and tadalafil showed that tadalafil 20 mg enhanced the hypo-
tensive effects of sublingual NTG at 24 h following tadalafil
dosing.10 However, this interaction was not observed when
NTG was used at 48, 72, and 96 h following tadalafil admin-
istration. For the management of patients presenting with
chest pain within 48 h of receiving tadalafil, organic nitrates
should be avoided and non nitrate antianginal agents are rec-
ommended. If a patient experiences chest pain at or > 48 h af-
ter taking tadalafil, nitrates may be used under close medical
supervision (Fig. 2).2, 10 Nonetheless, regular or intermittent
use of nitrates remains a contraindication to treatment with all
the PDE5 inhibitors.2, 9, 11, 12

Effects of Phosphodiesterase 5 Inhibitors in Patients
with Coronary Artery Disease

Exercise Tolerance

Various studies have involved administration of a PDE5 in-
hibitor to patients with CAD who performed exercise testing

at a level of intensity comparable to that achieved during sexu-
al intercourse. These studies closely examined whether treat-
ment with PDE5 inhibitors would exacerbate ischemia in pa-
tients with known CAD.

In one such study, the investigators used echocardiograms
to evaluate ischemia during exercise in men who received ei-
ther sildenafil (50 or 100 mg) or placebo.13 The two groups did
not differ with respect to the incidence of ischemia (i.e., 24%
in the sildenafil group vs. 26% in the placebo group). Normal
echocardiograms were reported in approximately 15% of the
sildenafil group and 13% of the placebo group. Thus, in men
with known or probable CAD, sildenafil did not significantly
alter the cardiovascular response to exercise.

Thadani et al.14 measured total exercise time and time to is-
chemia in patients with CAD and ED who were taking varde-
nafil. Total treadmill exercise time and time to angina did not
differ between the vardenafil and placebo groups. Exercise
time was 7 min, 7 s for the placebo group, and 7 min, 13 s for
the vardenafil 10 mg group. Time to angina was 4 min, 52 s
with placebo, and 4 min, 51 s with vardenafil. Patients taking
vardenafil showed some improvement in the total time to ST-
segment depression: 6 min, 21 s, versus 5 min, 34 s for the
placebo group (p = 0.0004). Thus, in symptomatic patients
with stable CAD, vardenafil 10 mg/day did not reduce total ex-
ercise time or time to angina compared with placebo. It did,
however, significantly delay the onset of ST-segment changes
relative to placebo.

In a preliminary report of tadalafil in men with stable
CAD15 who had documented ischemia during exercise, no
significant difference in mean total exercise time or time to 
ischemia during exercise stress testing was found between pa-
tients who received 10 mg of tadalafil (13:36 min:s) and those
who received placebo (13:31 min:s).

All of these studies show that the PDE5 inhibitors do not
exacerbate ischemia during exercise performed at a level
equivalent to—or even greater than—that achieved during
sexual intercourse.

Long-Term Cardiac Safety

Several studies have examined the issue of cardiac safety
and cardiovascular events in men taking PDE5 inhibitors. Dur-
ing the Prescription Event Monitoring study from England, the
investigators compared mortality rates in men taking sildenafil
with those of an age-matched control population.16 There was
no evidence to indicate that sildenafil increases the mortality
rate. Mortality rates appeared to be lower in older men (> 75
years of age) taking sildenafil than in their population-based
peers, but that was probably related to selection of patients tak-
ing the drug. The overall results of this study suggest that silde-
nafil does not increase the rate of cardiovascular mortality.

Likewise, studies with tadalafil have found no evidence of
increased cardiovascular mortality. Analyses of the overall
safety database for tadalafil indicated that morbidity and mor-
tality rates from serious cardiovascular events in tadalafil trials
were no higher than those reported for the general population
of men with ED.4 However, current recommendations call for

FIG. 2 Percentage of subjects with standing systolic blood pres-
sure < 85 mmHg in tadalafil 20 mg- and placebo-treated subjects.
The hypotensive effect of sublingual nitroglycerin (SL-NTG) was
apparent at 24 h but was no longer detectable when nitroglycerin
was administered 48 to 96 h after tadalafil. Adapted from Ref. No.
10 with permission.

Time of SL-NTG administration relative 
to tadalafil administration

*p < 0.001 vs. placebo, †p < 0.01 vs. placebo, ‡p < 0.05 vs. placebo.

4 h 8 h 24 h 48 h

Placebo

‡

†

*

60

50

S
ub

je
ct

s 
w

ith
 s

ta
nd

in
g

S
B

P
 <

85
 m

m
H

g 
(%

)

40

30

20

10

0

Tadalafil 20 mg 
(daily dose 7 days)

72 h 96 h



R. A. Kloner: Hemodynamic effects and safety of the novel PDE5 inhibitors I-23

avoiding the PDE5 inhibitors in patients with a cardiac condi-
tion that precludes participation in sexual activity.2, 9, 12, 17

Rates of myocardial infarction (MI) with PDE5 inhibitors
are generally low.2–4, 9, 12, 17 Data from studies examining MI
show very low incidences per 100 patient-years in age-stan-
dardized males (0.60), placebo-treated patients (0.60), and
tadalafil-treated patients in open-label (0.50) or double-blind
studies (0.25). The overall incidence in all tadalafil-treated pa-
tients was 0.43 (Table I).4 The incidence of MI in double-blind
sildenafil studies was 1.4 per 100 patient-years with placebo
and 1.7 per 100 patient-years for patients receiving sildenafil.1

The overall incidence rate of MI with sildenafil was 0.57 per
100 patient-years.17 Thus, there appears to be no evidence that
the PDE5 inhibitors are associated with an increase in the inci-
dence of MI.

Effects of Phosphodiesterase 5 Inhibitors on 
Cardiac Electrophysiology

The PDE5 inhibitors have not been found to have a clinical-
ly significant effect on cardiac electrophysiology. Examina-
tion of the effects of a 50 mg dose of sildenafil on QT intervals
in 36 patients with ED found average increases of 3 and 7 ms
in maximum QTc (Bazzet’s formula) and minimum QTc, re-
spectively. These increases were not statistically significant
(p > 0.05).18 Similarly, QTc dispersion did not change signifi-
cantly (p > 0.05). A study of 11 healthy men who received
sildenafil 50 mg or placebo in a double-blind, randomized,
crossover study found no significant changes in QTc (Bazzet’s
formula) after sildenafil administration (change in QTc = �0.5
± 10 ms; p = 0.33).19 However, there was a significant decrease
after administration of placebo (change in QTc = �15 ± 6 ms;
p = 0.04).

The effect of a single 100 mg dose of tadalafil on QT inter-
val 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 years of age.2 The mean change in QTc (Fridericia QT cor-
rection) for tadalafil, relative to placebo, was 3.5 ms (two-sid-
ed 90% confidence interval [CI] = 1.9, 5.1). The mean change
in QTc (individual QT correction) for tadalafil, relative to
placebo, was 2.8 ms (two-sided 90% CI = 1.2, 4.4). A 100 mg
dose of tadalafil (5 times the recommended dose) was chosen
because this dose yields exposures covering those observed

upon coadministration of tadalafil with potent CYP3A4 in-
hibitors or those observed in renal impairment. The mean in-
crease in heart rate associated with a 100 mg dose of tadalafil
compared with placebo was 3.1 beats/min. These changes are
not likely to be clinically relevant.2

The effects of vardenafil on cardiac electrophysiology
were also examined. Therapeutic (10 mg) and suprathera-
peutic (80 mg) doses produced similar, small increases of 7
and 9 ms, respectively, in QTc (Fridericia QT correction) in-
tervals at Tmax (time to maximum serum concentration) com-
pared with placebo. Moxifloxacin, as a positive control, also
caused a similar, small increase in QTc intervals (8 ms).20

While the impact of these changes is not entirely clear, it was
recommended that concomitant use of Class IA or Class III
antiarrhythmic medications should be avoided, and that pa-
tients with congenital QT prolongation should not receive
vardenafil.9

Adverse Cardiovascular Events

It is not surprising that adverse events of the PDE5 in-
hibitors are primarily related to their vasodilating properties.21

With sildenafil, headache was reported by 16%, flushing by
10%, and dizziness by 2% of patients receiving the drug.12

Tadalafil studies have shown the most common treatment-
emergent adverse events to be headaches (15%), flushing
(3.7%), and dizziness (2.4%).3 For vardenafil, headaches were
reported by 15% of patients, flushing by 11% of patients, and
dizziness by 2%.9 The incidence of hypertension, syncope,
and hypotension was <2% for all of the PDE5 inhibitors.2, 9, 12

Interactions of Phosphodiesterase 5 Inhibitors and 
Alpha Blockers

Examination of the interactions between PDE5 inhibitors
and alpha blockers found a general augmentation of the hy-
potensive effects of these medications. It is currently recom-
mended that sildenafil doses > 25 mg be avoided in patients
within 4 h of receiving an alpha blocker, which is a precaution
shown in the labeling.12 Vardenafil is contraindicated with
any administration of alpha blockers. Studies examining the
interactions of 10 and 20 mg doses of vardenafil with either
terazosin 10 mg or tamsulosin 0.4 mg administered simulta-
neously or 6 h apart found that some patients experienced a

TABLE I Tadalafil: Incidence of myocardial infarction (MI) across all studies

Tadalafil-treated patients

Age-standardized Placebo-treated Double-blind Open-label
male population patients studies safety studies All studies

Total no. of patients — 1,437 3,666 1,707 4,196
Total patient exposure as patient-years — 334.5 791.7 1,786.2 2,578.0
No. of patients with MI — 2 2 9 11
Rate of MI/100 patient-years 0.6017 0.60 0.25 0.50 0.43

No increase in rate of MI. Adapted from Ref. No. 4 with permission.
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standing SBP < 85 mmHg in all trials.9 In a clinical pharma-
cology study, in which a single dose of tadalafil 20 mg was
administered to healthy subjects taking 0.4 mg once-daily
tamsulosin, no significant decreases in blood pressure were
observed.2 However, augmentation of the blood pressure-
lowering effects of alpha blockers was found when tadalafil
was administered with doxazosin 8 mg.2 Therefore, adminis-
tration of tadalafil to patients taking alpha blockers other than
0.4 mg once-daily tamsulosin is contraindicated.2

Effects in Patients Taking Other 
Antihypertensive Medications

Current evidence indicates that the PDE5 inhibitors are gen-
erally safe to take with other antihypertensive drugs.21–25 The
results of a randomized, crossover trial examining patients who
were taking the calcium-antagonist amlodipine and who re-
ceived sildenafil or placebo found no synergistic interactions
between sildenafil and amlodipine.22 A post hoc subanalysis
examined the efficacy and safety of sildenafil in men with ED
who were receiving concomitant antihypertensive medica-
tion.23 These agents were classified as a diuretic, beta blocker,
alpha1 blocker, angiotensin-converting enzyme (ACE) inhib-
itor, or a calcium-channel blocker. For patients taking sildenafil
and antihypertensive medication, the incidence of treatment-
related adverse events (34%) was similar to that for sildenafil-
treated patients not taking any antihypertensive agent (38%). 
It was concluded that sildenafil was an effective and well-toler-
ated treatment for ED in patients taking concomitant antihy-
pertensive medication, including those on multidrug regimens.

Randomized, placebo-controlled, two-period crossover
studies examined tadalafil interactions with an ACE inhibitor,
calcium antagonist, thiazide diuretic, a beta blocker, and an-
giotensin II-receptor blockers in patients taking only one anti-
hypertensive agent.21 In all cases, the observed additional
blood pressure reduction was mild, with no increase in clini-
cally relevant hypotensive symptoms.

Several phase 3 studies compared patients who were taking
tadalafil concomitantly with multiple antihypertensives or
with placebo.21 The most commonly used classes of antihy-
pertensive agents included all classes examined in the single
antihypertensive studies, as well as loop diuretics. There were
no statistically significant differences between tadalafil and
placebo in the mean changes in blood pressure from baseline
in patients taking ≥2 antihypertensive agents. Hypotension
was not reported in tadalafil-treated patients; however, it was
reported in placebo-treated patients. Therefore, the data show
that tadalafil is safe in patients receiving ≥1 concomitant anti-
hypertensive agent.

Studies have also examined vardenafil in combination with
antihypertensive medicines. In a double-blind, two-way cross-
over study of 22 hypertensive men who were taking nifedipine
30 or 60 mg/day, patients were randomly assigned to placebo
or a single dose of vardenafil 20 mg repeated after more than 7
days. There were no clinically significant changes in hemody-
namic effects with vardenafil, and no serious adverse events
were reported.24

Two randomized, double-blind studies evaluated 545 men
with ED receiving at least one antihypertensive agent during
treatment with vardenafil 5, 10, or 20 mg or placebo for 12 or
26 weeks. Vardenafil treatment was associated with a mini-
mally significant decrease in standing blood pressure, but no
clinically significant elevation in standing heart rate.25

Conclusions

The PDE5 inhibitors generally produce mild vasodilation
and minimal hemodynamic effects. They do not adversely af-
fect total exercise time or time to ischemia during exercise
stress testing.

The PDE5 inhibitors have only a modest additive effect on
nitrate-induced decreases in mean blood pressure in many pa-
tients. However, the potential for significant blood pressure
effects in some patients indicates that they should not be used
at all in combination with nitrates. Likewise, PDE5 inhibitors
may potentiate the hypotensive effects of alpha blockers.
However, the PDE5 inhibitors only minimally augment the
hypotensive effects of other antihypertensive agents in pa-
tients receiving one or more of these drugs. In controlled clin-
ical trials, PDE5 inhibitors are not associated with an increase
in MI or death rates. In general, PDE5 inhibitors are safe and
effective for the treatment of ED in healthy men and in those
with cardiovascular disease. 
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