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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Co-administration of inhibitors of

phosphodiesterase type 5 with organic
nitrates can cause profound hypotension.

• For this reason, it is recommended that
sildenafil and organic nitrates are not
administered within 24 h of one another.

• However, the time course of the interaction
between sildenafil and sublingual glyceryl
trinitrate (GTN) has not previously been
investigated.

WHAT THIS STUDY ADDS
• In men with angina there is an interaction

between oral sildenafil and sublingual GTN
for �8 h, but from 6 h this interaction is
not more than additive.

• These data may be helpful to clinicians who
are considering the use of GTN in patients
presenting with angina who have received
sildenafil within 24 h.

AIM
To investigate the time course of the hypotensive interaction between
sildenafil and glyceryl trinitrate (GTN).

METHODS
Two double-blind, placebo-controlled, randomized, crossover studies
were performed. Subjects were challenged with sublingual GTN 400 mg
at different times after oral sildenafil 100 mg. After each GTN challenge
frequent measures of blood pressure (BP) were made. In the first study
GTN was given 1–48 h after sildenafil/placebo to 33 healthy men. In the
second study GTN was given 1–8 h after sildenafil/placebo to 20 men
with stable angina.

RESULTS
In healthy men there was a greater mean maximum reduction in BP
with sildenafil/GTN than with placebo/GTN only at 1 h. In angina
patients, there was a greater mean maximum reduction in BP with
sildenafil/GTN than with placebo/GTN for up to 8 h. The mean (95%
confidence interval) differences in maximum systolic BP reduction
(mmHg) at 1, 4, 6 and 8 h were -16 (-12, -21), -12 (-4, -20), -6 (1, -12)
and -9 (-3, -15), all P < 0.05 except at 6 h (NS). At 6 and 8 h the
interaction was not more than additive, and hypotensive symptoms did
not occur.

CONCLUSIONS
In men with angina there is an interaction on BP reduction between
sildenafil and GTN for � 8 h after sildenafil administration, but this is no
more than additive from 6 h. These data may be helpful to clinicians
who are considering the use of GTN in patients presenting with angina
who have received sildenafil within 24 h.

Introduction

Nitric oxide (NO) causes vasodilation by stimulating vascu-
lar smooth muscle soluble guanylate cyclase to convert
guanosine 5′-triphosphate to guanosine 3′,5′-cyclic mono-

phosphate (cGMP) [1], which leads to a reduction in intra-
cellular calcium concentration [2]. cGMP is degraded by
cGMP-specific, cGMP-binding phosphodiesterase 5 (PDE5)
[3], and inhibition of this enzyme enhances vascular
smooth muscle relaxation. By stimulating vasodilation
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within the corpora cavernosa during sexual stimulation,
PDE5 inhibitors, such as sildenafil citrate, facilitate penile
erection and are useful treatments of male erectile dys-
function [4]. Inhibitors of PDE5 are also vasodilators in the
systemic circulation. In hypertension, regular sildenafil
monotherapy reduces ambulatory blood pressure (BP) by
10/6 mmHg [5].

The organic nitrates, such as glyceryl trinitrate (GTN),
are anti-anginal drugs that dilate arteries and veins
through their action as NO donors [6]. The simultaneous
provision of exogenous NO from organic nitrates and inhi-
bition of cGMP breakdown with PDE5 inhibition can result
in substantial BP reduction. For sildenafil, this interaction
has been demonstrated in healthy subjects [7] and in men
with angina [7, 8]. It is recommended that, because of
the potential for harm from hypotension, sildenafil and
organic nitrates are not co-administered [9].The minimum
interval within the licence is 24 h, but this is not firmly
evidence based.

There are currently no data on the time course of the
interaction between sildenafil and organic nitrates. Previ-
ous clinical studies have concentrated on the maximum
potential for interaction early after administration of
sildenafil [7, 8]. In keeping with its plasma half-life of 3–5 h,
blood concentrations of sildenafil are very low 24 h after a
single dose. Therefore, it is possible that organic nitrates
could safely be administered at a shorter interval after
sildenafil than the 24 h that is currently recommended.We
have characterized the time course of the pharmacody-
namic interaction on BP between sildenafil and GTN,
initially in healthy men and subsequently in men with
stable angina.

Methods

Both studies were approved by the Lothian Research Ethics
Committee and were performed in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all subjects. Both studies were of random-
ized, double-blind, placebo-controlled crossover design.
Subjects refrained from alcohol for at least 24 h and caf-
feinated drinks and smoking for at least 12 h before each
visit. In study 1, subjects also refrained from eating for 12 h
before each visit. Studies were conducted in a quiet room
kept at 22–24°C.

Study 1
Subjects Inclusion criteria were: healthy male; age 35–65
years; weight between 60 and 100 kg. Exclusion criteria
were: any clinically significant disease; history of drug
hypersensitivity; supine or standing systolic BP < 100 or
>165 mmHg, or supine or standing diastolic BP < 55 or
>95 mmHg; orthostatic hypotension (>20 mmHg reduc-
tion in systolic BP on standing up); taken any medicine,

except paracetamol, within 3 weeks of the start of the
study; evidence of alcohol or drug abuse.

Protocol Subjects were divided into two groups, A and B.
The study was performed in four sequential phases. The
aim was to maximize safety by giving GTN at decreasing
intervals after sildenafil. Subjects rested supine for at least
30 min prior to sildenafil or placebo administration. Single
measures of sitting and standing BP and heart rate (HR)
were made 30 min, 15 min and immediately before
sildenafil or placebo and also immediately before each
GTN administration. After each GTN administration, sitting
measurements were made every 3 min for 27 min fol-
lowed, from 30 min, by sitting and standing measurements
every 15 min for a further 90 min.The protocol is illustrated
in Figure 1.

Study 2
Subjects Inclusion criteria were: male; age 30–80 years;
weight between 60 and 100 kg; stable angina with one of a
classical history of exertional angina, a previous diagnostic
exercise treadmill test or angiographic evidence of coro-
nary artery disease. Exclusion criteria were: regular treat-
ment with long-acting nitrates or nicorandil where these
could not be withdrawn; myocardial infarction, unstable
angina, stroke or transient cerebral ischaemia within 3
months; systolic BP < 100 or >170 mmHg, or diastolic BP <
60 or >100 mmHg; orthostatic hypotension (>20 mmHg
fall in systolic BP on standing); diabetes treated with oral
hypoglycaemic agents or insulin; any clinically significant
disease other than stable angina, excepting other cardio-
vascular disease risk factors such as smoking, hypercholes-
terolaemia and diet-controlled diabetes; taking any drug
that significantly interacts with sildenafil; evidence of
alcohol or drug abuse.

Protocol The study was performed in two phases, with two
visits to the research unit in each phase. All subjects
attended both phases. On each study day subjects took
their regular morning medicines immediately after waking
and had a light breakfast before attending the unit at
07.00 h. During phase 1, GTN was administered 4 and 8 h
after oral sildenafil (at one visit) or matched placebo (at the
other visit), given in random order. During phase 2, GTN
was administered 1 and 6 h after sildenafil or placebo,
again given in random order between the two visits. Fol-
lowing at least 20 min rest,baseline sitting and standing BP
and HR were recorded, in duplicate, 20 min and immedi-
ately before sildenafil or placebo administration. Immedi-
ately before and every 3 min for 33 min after each GTN
dose further measurements of sitting BP and HR were
made, duplicate measures before GTN and single mea-
sures after GTN. Standing BP and HR were repeated 36 min
after each GTN dose. The protocol is illustrated in Figure 2.
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BP measurement
BP was measured after at least 5 min sitting and after 2 min
standing,as indicated in the protocol.BP and HR were mea-
sured using Omron HEM-705CP monitors (Omron, Milton
Keynes, UK) [10] in study 1 and Dinamap Pro 100 monitors
(GE Healthcare, Little Chalfont, UK) [11] in study 2.

Drugs
GTN 400 mg (Nitrolingual Pumpspray®; Merck Pharmaceu-
ticals,West Drayton, UK) was administered as a single spray
sublingually. Sildenafil 100 mg and matched placebo (both
Pfizer Ltd, Sandwich, UK) were administered orally as single
tablets. Administration was directly observed.

Statistical analysis
Baseline values were calculated as the mean of those
obtained 30 min, 15 min and immediately before sildenafil
or placebo administration for study 1, and as the mean of
those obtained 20 min and immediately before sildenafil
or placebo administration for study 2. For both studies, the
prespecified primary analysis was a comparison of the
effects of the combination of sildenafil and GTN and the
combination of placebo and GTN on the maximum reduc-

tion from baseline in sitting BP and the maximum increase
from baseline in HR that occurred in the monitoring period
following each GTN challenge. In study 2, effects from pre-
GTN values were also assessed for each time point.Pre-GTN
BPs and HRs were calculated as the mean of the two mea-
surements made before each GTN challenge. Maximum
reductions in BP, maximum increases in HR and areas
under the curves (AUCs) for changes in these parameters
from pre-GTN values, during the 33 min following each
GTN challenge, were compared between sildenafil and
placebo phases.

Unless stated, data are presented as means and stan-
dard errors of means. All comparisons between sildenafil
and placebo were made using a two-period crossover
ANOVA model allowing for variation due to subject, treat-
ment and treatment order. Statistical significance was
declared if a two-sided P-value was �0.05.

Results

Study 1
Subjects Thirty-four subjects were screened for the study
and, of these, one was not suitable. Of the remaining sub-

At each visit single baseline measures of BP and HR made at 30 min, 15 min and 

immediately before sildenafil 100 mg or placebo, followed by sublingual GTN 400 µg after:

16, 24 & 48 hours 

Phase 1 
Group A 

Visits 1 & 2 
Sildenafil or placebo 

in random order 

Phase 2 
Group B 

Visits 1 & 2 
Sildenafil or placebo 

in random order 

12 & 20 hours 

Phase 3 
Group A 

Visits 3 & 4 
Sildenafil or placebo 

in random order 

4 & 8 hours 

Phase 4 
Group B 

Visits 3 & 4 
Sildenafil or placebo

in random order 

1 & 6 hours 

At each GTN challenge single measures of BP and HR made immediately before 

and every 3 minutes after GTN for 27 min. Thereafter, single measures of sitting 

and  standing BP and HR were made at 30, 45, 60, 75 and 90 min. 

Figure 1
Study 1 was performed in four separate phases. Group A attended phases 1 and 3 and group B attended phases 2 and 4. As a safety measure, phases 2, 3
and 4 were performed only after review of the preceding phase. At each phase subjects attended on two occasions and received, in random order, sildenafil
or matched placebo (the alternative therapy was administered after a wash-out of at least 7 days). Sublingual glyceryl trinitrate (GTN) was subsequently
administered, after sildenafil or placebo, at the times indicated. Subjects remained in the department throughout the duration of each phase that they
attended
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jects, 16 were recruited to group A and 17 to group B.
Overall, the mean age was 49 years (range 38–64) and the
mean body weight was 78 kg (range 60–102). Four sub-
jects failed to complete all stages of the study.Two subjects
were withdrawn due to non-adherence to the protocol,
one withdrew consent and the other was unable to com-
plete the study because of other commitments. None of
the discontinuations was related to the study drugs.
Fifteen subjects were included in the analysis of step 1, 16
for step 2, 14 for step 3 and 15 for step 4.

Effects of sildenafil alone The recordings taken before
each GTN challenge provided a measure of the effect of
sildenafil alone on BP and HR. Compared with placebo,
sildenafil reduced sitting diastolic BP at 1 h [mean change
from baseline -4.7 mmHg (1.6) with sildenafil vs.
4.0 mmHg (1.3) with placebo, P = 0.01], but not at the other
time points. Sitting systolic BP was unaffected by sildenafil
at any time point.Sitting HR was reduced by sildenafil com-
pared with placebo at 48 h only [-1.4 bpm (1.8) vs. 6.4 bpm
(1.6), P < 0.05], probably a chance finding. There was a
greater reduction in standing diastolic BP with sildenafil
than with placebo at 1 h [-3.0 mmHg (1.3) vs. 3.8 mmHg
(1.5), P < 0.05) and 8 h [-6.6 mmHg (1.2) vs. -2.0 mmHg
(1.7), P < 0.05], but standing systolic BP was unaffected by
sildenafil. Standing HR was increased by sildenafil at 1 h
[2.4 bpm (1.5) vs. -1.8 bpm (1.5), P < 0.05] and 8 h
[11.1 bpm (2.4) vs. 6.7 bpm (1.6), P < 0.05] and decreased by
sildenafil at 48 h [2.2 bpm (1.7) vs. 7.3 bpm (1.9), P < 0.05].

Effect of GTN with sildenafil There were greater mean
maximum reductions in sitting systolic and diastolic BP
with the combination of sildenafil and GTN than with the
combination of placebo and GTN at 1 h only. At all other
times differences between placebo and sildenafil were not
statistically significant (Table 1). Modest but significant dif-
ferences in sitting HR occurred when GTN was adminis-
tered 1, 6 and 24 h post sildenafil (Table 1). Similarly, only
at 1 h was there a greater mean maximum reduction in
standing BP with the combination of sildenafil and GTN
than with the combination of placebo with GTN [systolic
BP: -23.8 mmHg (2.8) vs. -13.5 mmHg (2.5), P < 0.01; dias-
tolic BP: -14.9 mmHg (2.3) vs. -6.9 mmHg (1.2), P < 0.01].
For standing HR, there was a greater increase when GTN
was given 1 h after sildenafil [9.6 bpm (1.7) vs. 3.9 bpm (1.1)
with placebo, P < 0.05) and a lesser increase when GTN was
given 48 h after sildenafil [7.1 bpm (1.6) vs. 13.3 bpm (2.5)
with placebo, P < 0.05].

Side-effects The most common side-effects reported were
headache, dizziness and flushing. Overall, the incidence of
side-effects was low, none was serious, and they did not
cause any subject to withdraw from the study. Side-effects
were most commonly reported when GTN was adminis-
tered 1 h after sildenafil. At this time, dizziness was
reported in 47%, flushing in 13% and headache in 13% in
those taking sildenafil, compared with 20, 7 and 0%,
respectively, in those taking placebo.

At each visit duplicate baseline measures of sitting and standing BP and HR made at 20

min and immediately before sildenafil 100 mg or placebo, followed by sublingual GTN

400 µg after:

Phase 1 

Visits 1 & 2 
Sildenafil or placebo 

in random order 

4 & 8 hours 

Phase 2 

Visits 3 & 4 
Sildenafil or placebo 

in random order 

1 & 6 hours 

At each GTN challenge duplicate measures of BP and HR made immediately 

before GTN administration and single measures of BP and HR made every 3 min 

afterwards for 33 min. Standing BP and HR repeated at 36 min. 

Figure 2
Study 2 was performed in two phases. At each phase subjects attended on two occasions and received, in random order, sildenafil or matched placebo (the
alternative therapy was administered after a wash-out of at least 5 days). Sublingual glyceryl trinitrate (GTN) was subsequently administered, after sildenafil
or placebo, at the times indicated. Subjects remained in the department throughout the duration of each phase
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Study 2
Subjects Of 23 subjects screened for the study, two were
not suitable. Of the 21 recruited, one was withdrawn
because of low baseline BP (90/58 mmHg) at his first visit.
Analyses were performed using the data from the remain-
ing 20 subjects. In one further subject, 4 h after sildenafil
administration on visit 2, BP had decreased from 120/
70 mmHg to 86/46 mmHg and, as a result, GTN was not
administered.These data were included in the comparison
of the effects of sildenafil and placebo on pre-GTN BP and
HR, but the comparison of sildenafil with GTN and placebo
with GTN at 4 h was analysed using the data from the
remaining 19 subjects. GTN was administered to this
subject at the 8-h time point on the same day and at all
time points at the other three visits.One subject was taking
regular isosorbide mononitrate and this was withdrawn
72 h prior to each visit. The baseline characteristics are
given in Table 2. There was no difference between the two
baseline measures, taken before sildenafil or placebo
administration, of either BP or HR.

Effects of sildenafil alone Compared with placebo, sildena-
fil alone reduced sitting systolic BP [mean (SEM) changes
from baseline for sildenafil vs. placebo respectively:
-10.3 mmHg (1.9) vs. 1.5 mmHg (3.1) at 1 h; -11.0 mmHg
(3.2) vs. 1.2 mmHg (2.6) at 4 h; -8.5 mmHg (2.4) vs.
-0.8 mmHg (2.4) at 6 h; -6.3 mmHg (3.0) vs. 3.3 mmHg (2.9)
at 8 h; all P < 0.05] and sitting diastolic BP [-5.0 mmHg (1.5)
vs. -1.5 mmHg (1.3) at 1 h; -6.2 mmHg (1.4) vs. 1.4 mmHg
(1.4) at 4 h; -7.9 mmHg (1.0) vs. -4.1 mmHg (1.0) at 6 h;
-4.5 mmHg (1.5) vs. 1.5 mmHg (1.5) at 8 h; P = NS at 1 h and
< 0.01 at all other time points]. There was no effect of
sildenafil alone on HR.

Effect of GTN with sildenafil
Changes from baseline The effects of GTN with sildenafil
and GTN with placebo on absolute sitting BP are shown in
Figure 3 and on mean maximum reduction in sitting BP in

Figure 4. Compared with the combination of GTN and
placebo, the combination of GTN and sildenafil resulted in
greater mean maximum reductions in systolic BP at 1, 4
and 8 h, and in diastolic BP at all time points. The mean
(95% confidence interval) differences in maximum systolic
BP reduction at 1, 4, 6 and 8 h were -16 mmHg (-12, -21),

Table 1
Mean (SEM) maximum changes from baseline in sitting blood pressure (BP) and heart rate (HR) with glyceryl trinitrate given after sildenafil and placebo in
healthy men

Hours after sildenafil
or placebo

Systolic BP (mmHg) Diastolic BP (mmHg) HR (bpm)
Placebo Sildenafil Placebo Sildenafil Placebo Sildenafil

1 -16.6 (2.6) -28.7 (3.5)** -11.2 (1.9) -22.7 (2.7)** 12.0 (1.2) 16.8 (1.9)*
4 -17.5 (2.2) -20 (2.2) -17 (1.7) -18.5 (1.6) 24.3 (2.7) 25.5 (2.9)

6 -17.1 (2.1) -16.2 (2.4) -14.4 (0.9) -17.3 (1.6) 18.6 (1.7) 24.7 (2.7)*
8 -17.0 (3.2) -18.7 (3.1) -16.4 (2.1) -18.5 (1.4) 23.7 (2.5) 25.6 (2.9)

12 -24.3 (2.5) -23.5 (2.9) -15.3 (1.4) -16.2 (2.1) 15.3 (1.9) 18 (2.7)
16 -23.4 (1.8) -22.6 (2.4) -16 (1.8) -19.1 (2.1) 16.2 (2.7) 15.5 (3.5)

20 -18.9 (2.5) -20.6 (1.9) -14.3 (1.6) -15.5 (1.6) 11.4 (2.0) 11.8 (2.8)
24 -21.3 (2.8) -20.1 (2.3) -17.4 (1.9) -18.7 (1.8) 20.3 (3.1) 11.8 (2.7)*

48 -22.2 (2.8) -16.4 (2.8) -18 (2.1) -14.4 (2.1) 21.1 (2.4) 14.8 (2.6)

*P < 0.05; **P < 0.01.

Table 2
Study 2 subject baseline characteristics

Mean (SEM)

Age (years) 66 (1.8)
Plasma glucose (mmol l-1) 5.5 (0.1)

Systolic BP 121 (2.4)
Diastolic BP 68 (0.8)
Serum cholesterol:

Total (mmol l-1) 4.2 (0.1)
LDL (mmol l-1)* 2.1 (0.1)
HDL (mmol l-1) 1.1 (0.04)
Total:HDL ratio 3.9 (0.2)

Triglyceride (mmol l-1)* 2.4 (0.3)

Number (%)

Current smokers 7 (35)
Ex-smokers 3 (15)

Previous percutaneous coronary intervention 12 (60)
Previous coronary artery bypass graft 2 (10)

Hypertension 7 (35)
Current drugs:

Aspirin 19 (95)
Clopidogrel 4 (20)
b-Adrenoreceptor antagonist 19 (95)
Calcium channel blocker 7 (35)
Isosorbide mononitrate 1 (5)
Angiotensin converting enzyme inhibitor 9 (45)
Angiotensin II receptor antagonist 2 (10)
HMG-CoA reductase inhibitor 19 (95)
Thiazide diuretic 5 (25)

*Values from 18 subjects (in two subjects serum LDL concentration could not be
calculated because serum triglyceride concentration was too high). BP, blood
pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HMG-CoA,
3-hydroxy-3-methylglutaryl coenzyme A.
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-12 mmHg (-4, -20), -6 mmHg (1, -12) and -9 mmHg (-3,
-15). The equivalent differences for diastolic BP were
-9 mmHg (-6, -11), -9 mmHg (-5, -12), -5 mmHg (-2, -8)
and -7 mmHg (-4, -10). There was a greater effect on the
maximum increase in HR with the combination of GTN and
sildenafil than with the combination of GTN and placebo at
1 h [4.7 bpm (1.4) vs. 0.5 bpm (0.8), P < 0.01], but not at 4, 6
or 8 h. Table 3 shows the frequencies at which BP fell below
various thresholds. The frequencies with which BP fell by
different magnitudes are available as an online supple-
ment (Table S1). There was also a greater reduction in
standing systolic BP [-27 (3) vs. -5 (2), -17 (4) vs. -5 (4), -18
(3) vs. -2 (3) and -13 (3) vs. -4 mmHg (4) at 1, 4, 6 and 8 h,
respectively] and diastolic BP [-12 (1) vs. -1 (1), -9 (2) vs. -1
(2), -8 (1) vs. -3 (2) and -8 (2) vs. 1 mmHg (2) at 1, 4, 6 and
8 h,respectively] with the combination of GTN and sildena-
fil than with the combination of GTN and placebo, all
P < 0.05.

Changes from pre-GTN values The absolute changes in
sitting BP from pre-GTN values are shown in Figure 5 and
the maximum changes from pre-GTN values are shown in
Figure 6. At 1 h, the change in diastolic BP from the pre-
GTN value was greater with sildenafil than with placebo
[mean change in AUC -222 AU (88) vs. -42 AU (110), P =
0.0004]. At other time points for diastolic BP [-118 (46) vs.
-38 (47), -84 (42) vs. -18 (40) and -98 (53) vs. -38 AU (49)
for 4, 6 and 8 h, respectively] and at all time points for both
systolic BP [-420 (88) vs. -304 (110), -314 (111) vs. -242
(82), -259 (71) vs. -254 (69) and -287 (58) vs. -243 AU (131)
for 1,4,6 and 8 h,respectively] and HR [49 (43) vs. 28 (31),79
(24) vs. 45 (21),72 (33) vs. 55 (31) and 101 (27) vs. 80 AU (29)]
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there were no statistically significant differences between
sildenafil and placebo in the change from pre-GTN
values. The frequencies with which BP fell by different
magnitudes from pre-GTN values are available as an
online supplement (Table S2). Sildenafil did not affect the
time to the maximum effect on BP of GTN at any time
point.

Side-effects Hypotensive symptoms (of feeling dizzy or
light headed) following GTN occurred in eight subjects

during the sildenafil phase but in none of the subjects
during the placebo phase. Of the eight subjects who expe-
rienced hypotensive symptoms with sildenafil, six experi-
enced them at the 1 h GTN challenge (three of whom
needed to be laid supine with the foot of the bed elevated)
and three experienced them at the 4-h GTN challenge (two
of whom needed to be laid supine with the foot of the bed
elevated).No subjects experienced hypotensive symptoms
at the 6- and 8-h challenges. Hypotensive symptoms were
not reported by any subject outside the monitoring

Table 3
Frequency with which blood pressure (BP) was reduced below different thresholds at each glyceryl trinitrate (GTN) challenge

Systolic BP < 100 mmHg Systolic BP < 90 mmHg Systolic BP < 80 mmHg
1 h 4 h 6 h 8 h 1 h 4 h 6 h 8 h 1 h 4 h 6 h 8 h

Sildenafil 19 (95) 15 (79) 15 (75) 12 (60) 12 (60) 8 (42) 10 (50) 8 (40) 7 (35) 4 (21) 2 (10) 2 (10)
Placebo 11 (55) 9 (45) 12 (60) 7 (35) 2 (10) 2 (10) 1 (5) 3 (15) 0 (0) 1 (5) 1 (5) 0 (0)

Diastolic BP < 60 mmHg Diastolic BP < 50 mmHg Diastolic BP < 40 mmHg
1 h 4 h 6 h 8 h 1 h 4 h 6 h 8 h 1 h 4 h 6 h 8 h

Sildenafil 19 (95) 18 (95) 17 (85) 17 (85) 11 (55) 9 (47) 6 (30) 6 (30) 0 (0) 0 (0) 0 (0) 0 (0)
Placebo 9 (45) 11 (55) 13 (65) 11 (55) 1 (5) 1 (5) 1 (5) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0)

Numbers (percentages) of subjects whose sitting BP fell to below different thresholds at some point in the 33-min monitoring period after each GTN challenge.
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Figure 5
Mean changes in sitting blood pressure (BP) with glyceryl trinitrate (GTN) given after sildenafil and placebo in angina patients. Changes are from pre-GTN
recordings. AUCs were compared statistically between sildenafil and placebo (the only significant difference being in the effect on diastolic BP at 1 h).
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periods following each GTN administration. Headache was
experienced by seven subjects after sildenafil (in four
instances temporally related to GTN administration) and
three subjects after placebo (in one instance temporally
related to GTN administration and in a further instance
a pre-existing headache was worsened with GTN).
Indigestion/heartburn, stuffy nose and facial flushing were
each experienced by two subjects following sildenafil but
no subjects after placebo. One subject experienced a sub-
conjunctival haemorrhage following sildenafil.This did not
affect vision and resolved over several weeks, as would be
expected. One subject experienced an episode of sickness,
facial pain and headache that did not start until 1 h follow-
ing discharge (about 8 h after sildenafil).

Discussion

In healthy men the hypotensive interaction between
sildenafil and sublingual GTN was confined to within 4 h of
sildenafil administration. In angina patients, the clinically
relevant population, there was a greater mean maximum
reduction in BP with the combination of sildenafil and sub-

lingual GTN than with the combination of placebo and
sublingual GTN for at least 8 h after sildenafil administra-
tion, but the magnitude of this difference was greater at 1
and 4 h than at 6 and 8 h after sildenafil.

In the angina patients, sildenafil alone reduced BP,
raising the possibility that at least some of the interaction
on BP may be the result of the additive effects of sildenafil
and GTN. In this respect, analysis of the effects of GTN
from pre-GTN values provides some insight into the
nature of the interaction (at each time point). At 6 and 8 h
the acute change in systolic and diastolic BPs from pre-
GTN values was no different between sildenafil and
placebo phases, suggesting that the overall greater reduc-
tion in BP observed with sildenafil and GTN compared
with placebo and GTN was, at least on average, no more
than additive. The trend at 4 h for a greater reduction in
diastolic BP with GTN following sildenafil than following
placebo suggested that the interaction might be more
than additive at this time. At 1 h the reduction in BP, espe-
cially diastolic BP, with GTN was clearly greater following
sildenafil than following placebo, suggesting synergistic
interaction between the two drugs. However, it should be
noted that the study design does not allow for precise
determination of the nature of the interaction in terms of
additive or synergistic effects.Thus, the effects of sildenafil
on BP were only measured at 1, 4, 6 and 8 h (pre-GTN
values). Although the peak plasma concentrations of
sildenafil generally occur 1 h after oral administration, it is
possible that its effect on BP continued to increase after
1 h, potentially accounting for at least some of the differ-
ence observed between sildenafil and placebo phases in
the change in diastolic BP following GTN at this time. To
address this, it would be necessary also to determine the
effects of sildenafil with placebo GTN and placebo
sildenafil with placebo GTN. However, these additional
data would not have altered the conclusion that the inter-
action between sildenafil and GTN on BP is, on average, no
more than additive from 6 h after sildenafil. It should also
be noted that assessment of changes in BP from pre-GTN
values was a secondary analysis of the data. It remains
possible that a larger study would suggest a degree of
synergism at other time points.

The discussion of whether the interaction is additive or
synergistic at different time points has important clinical
relevance. When treating a patient with acute angina who
has recently taken sildenafil, the likely effect of GTN on BP
will be the major factor in determining whether it might be
safe to administer GTN. Although the BP at presentation
will probably be lower than the patient’s usual BP, due to
the effect of sildenafil alone, if the expected further reduc-
tion in BP with GTN is likely to be no greater than would be
expected if sildenafil had not been taken, then cautious
use of GTN could be carefully considered. In contrast, if the
interaction between sildenafil and GTN were synergistic
then the potential for severe hypotension would mean
that GTN should not be administered.

Time after sildenafil or placebo (hrs)
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Figure 6
Mean maximum changes in sitting blood pressure (BP) with glyceryl trini-
trate (GTN) given after sildenafil and placebo in angina patients. Changes
are from pre-GTN recordings. The only significant comparison between
sildenafil and placebo was with diastolic BP at 1 h). Sildenafil (—�—);
Placebo ( )

J. J. Oliver et al.

410 / 67:4 / Br J Clin Pharmacol



In contrast to the angina patients, in healthy men
sildenafil alone reduced BP at 1 h, but had no effect on BP
at subsequent time points. Given that the interaction
between sildenafil and GTN in angina patients was gener-
ally no more than additive at 6 and 8 h, it is likely that the
difference between the groups in the effect on BP of
sildenafil alone largely explains the different effects on
mean maximum reductions in BP between the studies.
Other than the presence of coronary artery disease, differ-
ent ages of the participants and the use of a variety of
vasoactive medicines, including b-adrenoreceptor antago-
nists, calcium channel blockers and inhibitors of the renin–
angiotensin system, by the angina patients may explain
the different responses to sildenafil observed between the
two groups.

Consistent with the effects on BP, in the angina patients
symptoms suggestive of hypotension did not occur at 6
and 8 h after sildenafil. Of the three subjects who experi-
enced hypotensive symptoms at 4 h, only one had also
experienced them at 1 h, suggesting variability between
individuals in the time to peak interaction rather than
some individuals being susceptible to the interaction for
prolonged periods.

Is it safe to administer sublingual GTN from 6 h after
sildenafil in clinical practice? The lack of any obvious syn-
ergistic effect on BP from 6 h may suggest that, in patients
with relatively well-preserved BP despite prior sildenafil
administration, GTN may not be hazardous. However, we
cannot exclude the possibility of a synergistic effect from
6 h, at least in some patients. Moreover, even after 6 h there
is a greater average reduction in BP when GTN is given
after sildenafil and there is also a higher risk of BP being
reduced to a potentially hazardous level, e.g. 90/50 mmHg.
A larger scale safety study would be required to quantify
precisely the frequency with which significant hypoten-
sion occurs from 6 h after sildenafil. Nevertheless, these
data are relatively reassuring and, when otherwise clini-
cally strongly indicated, would support the cautious use of
GTN in subjects hospitalized with angina who have taken
sildenafil at least 6 h previously and who are haemody-
namically stable.

Limitations

Patients presenting to hospital with angina are generally
kept supine or semi-recumbent. In this study we mea-
sured BP in the sitting and standing positions, with the
intention of maximizing the observed interaction. If any-
thing, it is likely that lesser reductions in BP would occur
in the supine position, so the conclusion that the interac-
tion between sildenafil and GTN is, on average, no more
than additive from 6 h after sildenafil remains valid to the
clinical situation.

In both studies there were similar effects on standing
BP as on sitting BP. However, so as not to disturb sitting

measures, standing BP was not assessed until at least
30 min after GTN administration. Moreover, in the angina
patients standing BP was not measured before each GTN
challenge, again to avoid affecting sitting measures.There-
fore, it is not possible to assess formally whether the inter-
action between the two drugs was additive or synergistic,
although the greater magnitude of the interaction at 1 h
might suggest a degree of synergism at this point.
Although the effects on standing BP may be of academic
interest, they are not of direct clinical relevance because
patients are not kept standing once hospitalized with
angina.

When subjects experienced symptoms of hypotension
it was often necessary to lay them supine and elevate the
foot of the bed. Although this is clearly clinically appropri-
ate, it has the potential to minimize the observed effect on
BP – if subjects had remained sitting it is likely that their BP
would have remained lower than in the supine position
and may even have fallen further than the minimum BP
that was actually recorded. However, this would not mate-
rially affect the main conclusion of the study, as the differ-
ences between sildenafil and placebo would only be
greater at 1 and 4 h, whereas there would have been no
effect on the data at 6 and 8 h because it was not necessary
to lay any subjects supine at these time points.

Hepatic metabolism of sildenafil is reduced, and its
plasma concentration increased, by a number of drugs,
including cimetidine [12], macrolide antibiotics [13] and
antifungal agents [14]. Therefore, concomitant administra-
tion of these drugs could prolong the time after taking
sildenafil that individuals would be susceptible to a signifi-
cant interaction on BP with GTN.

Subjects received two doses of GTN at each visit, either
at 4 and 8 h or at 1 and 6 h after sildenafil or placebo.
During the placebo phase of the study the effects of GTN
on BP were no less at 8 and 6 h than at 4 and 1 h, indicating
that no significant nitrate tolerance occurred following the
first dose of GTN on each day.

We measured plasma concentrations of sildenafil in
study 1 (data not presented) but were unable to do this for
study 2.These would have provided evidence of ingestion,
although drug administration was supervised and wit-
nessed, and allowed us to investigate the relationship
between plasma concentration and effect on BP. Our study
was performed in men only, because the majority of
sildenafil use is in men with erectile dysfunction. The time
course of the interaction in women would need to be
studied separately.

Conclusion

We have investigated the time course of the interaction on
BP between oral sildenafil 100 mg and sublingual GTN
400 mg in both healthy men and men with stable angina. In
healthy men, the interaction is confined to within 4 h of
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sildenafil administration. In men with stable angina there is
an interaction for at least 8 h after sildenafil administration,
but this is, on average, no more than additive from 6 h after
sildenafil administration.
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Additional Supporting Information may be found in the
online version of this article:

Table S1
Numbers (percentages) of subjects whose sitting blood
pressure (BP) fell by more than various thresholds at some
point in the 33-min monitoring period after each glyceryl
trinitrate (GTN) challenge. Baseline values are those taken
before sildenafil or placebo administration
Table S2
Numbers (percentages) of subjects whose sitting blood
pressure (BP) fell, from pre-GTN values, by more than
various thresholds at some point in the 33-min monitoring
period after each glyceryl trinitrate (GTN) challenge
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