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ABSTRACT

Background. Sildenafil has been found to improve exercise capacity and haemodynamic parameters in patients with various
pulmonary disorders. This study was undertaken to evaluate its efficacy in severe chronic obstructive pulmonary disease
(COPD).

Methods. In this double-blind, randomised, placebo-controlled study, 37 patients with severe COPD received either sildenafil
or placebo for 12 weeks. Distance covered in six-minute walk test (6MWD) was taken as primary end-point. Pulmonary
artery pressure (PAP) was measured as secondary end point.

Results. Thirty-three patients (15 in sildenafil arm and 18 in placebo arm) completed the study. Non-parametric tests were
used for comparison. There was significant increase in 6MWD from baseline after three months of follow-up in sildenafil
users (median change in distance covered in six-minute walk test (Δ6MWD)=190m) as compared to placebo users
(Δ6MWD=0m, p< 0.05). The PAP decreased significantly (χ2=14.94, p<0.05) in sildenafil group after three months, while it
did not change significantly among placebo group (χ 2=3.84, p>0.05).

Conclusion. Sildenafil improved 6MWD and PAP in patients with severe COPD.

This trial has been registered with Indian Council of Medical Research (ICMR) Trial Registry. [CTRI Registry Number: CTRI/
2009/091/000017] [Indian J Chest Dis Allied Sci 2011;53:81-85]
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INTRODUCTION

Activity limitation and dyspnoea are the primary
symptoms of chronic obstructive pulmonary
disease (COPD) and progress as the disease
advances, contributing to reduced quality of life.
Exercise capacity in COPD can be evaluated by
measuring the distance covered in six-minute
walk test (6MWD). This test is simple to perform,
cheap and reproducible. Six-minute walk test has
been shown to be a better test of functional
capacity and predictor of mortality in patients
with COPD.1,2

Various factors, such as ventilation perfusion
mismatch, skeletal muscle abnormality as a result
of systemic inflammatory condition, right
ventricular overload for pulmonary vascular
changes and simple de-conditioning of right heart,
can result in reduced exercise capacity in patients
with COPD.3

Pulmonary arterial hypertension (PAH) is a
common complication during the course of COPD
and is an important predictor of mortality.4 Endo-
thelial dysfunction and decreased concentration of
endothelium derived nitric oxide may play an
important role in the development of PAH in
patients having COPD.5 Sildenafil improves nitric
oxide induced relaxation of smooth muscles of
pulmonary arteries through blockage of type 5
phosphodiesterase (PDE5), and therefore, it has
potential of reducing pulmonary artery pressure
(PAP).

Long-term administration of sildenafil has been
shown to improve exercise capacity, dyspnoea and
haemodynamics in patients with symptomatic
PAH.6,7 In a preliminary report of six patients of
COPD it was  shown that sildenafil improved 6MWD
and haemodynamic parameters.8 However, in a
recent study,9 sildenafil failed to improve stroke
volume and 6MWD in patients of COPD with and
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without PAH. This emphasises the need for further
studies, and therefore, we studied the efficacy of
sildenafil regarding 6MWD, dyspnoea and PAH in
patients with severe COPD.

MATERIAL AND METHODS

In this randomised, double-blind, placebo-controlled
trial in which ambulatory patients having severe or
very severe COPD according to Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
classification were recruited if they had past history
of smoking of at least 20 pack years and had
pulmonary artery systolic pressure of more than
40mmHg as measured by Doppler echo-
cardiography. The patients were enrolled for
duration of one year. The primary outcome of the
study was to evaluate the effect of sildenafil in
improving 6MWD. Improvement in PAP was taken
as secondary outcome of the study.  Patients were
not included if they had: acute exacerbation of
COPD in last month,  history of  bronchial asthma or
more than 12% increase in forced expiratory volume
in the first second (FEV1) with  bronchodilator,
history of primary cardiac disease or documented
ischaemic heart disease, use of nitrates or other
vasodilator throughout the study period,
haemoglobin less than 12g/dL, any severe
concomitant disease, evidence of PAH due to any
other cause, such as pulmonary thromboembolism,
human immunodeficiency virus (HIV), scleroderma,
congenital heart disease and de-compensated right
or left heart failure.

Informed consent from all the subjects and
permission from the Research Review Board of the
institute was obtained.

Thirty-seven patients enrolled in this double-blind,
placebo-controlled study were randomised into two
groups. One group was administered oral sildenafil
in the dosage 20mg three times a day and another
group was administered identical placebo. Patients
were followed up for the next 12 weeks. They were
assessed at baseline, after four weeks and after
completion of the study by measuring 6MWD and
PAP. They were on, inhaled anti-muscarinic, long-
acting beta agonists, inhaled corticosteroids and
sustained release theophylline one month before the
enrollment in the study and same medicines were
continued during the study. None of the patients
were on regular oral steroids or domiciliary oxygen
therapy.

In 6MWD test patients were asked to walk at a
sub-maximal effort for six minutes as per the
protocol.10 Heart rate, oxygen saturation and
dyspnoea as per the Borg scale before and after the
walk were noted. Distance covered at the end of the
test was recorded.

The PAP was measured by two-dimensional
echocardiography with colour Doppler, a reliable,
non-invasive investigation to screen for PAH. Values
above 40mmHg are highly specific for detection of
PAP.12 It was used to measure PAP on the basis of
presence of tricuspid regurgitation and pressure was
calculated by modified Bernoulli equation.13 Single
investigator performed all the echocardiography
testing.

Sildenafil and placebo were dispensed according
to random allocation of computer generated code.
Drug was dispensed by an unblinded coordinator,
who dispensed the drug to blinded coordinator, who
gave it to the subjects. The study design is depicted in
flow chart shown in the figure.

Statistical Analysis

The Shapiro Wilk statistical test indicated that the
assumption of normality had been violated (p<0.05);
therefore, non-parametric tests were used for
comparison.  Mann-Whitney U-test was applied for
comparison of Δ6MWD between sildenafil and
placebo at one-month and at three-month follow-up.
Friedman’s ANOVA was applied for within group
comparison of PAP.

RESULTS

Thirty-seven patients were enrolled in the study.
Among 33 patients who completed the study, 18
received placebo and 15 were given sildenafil. The
number of severe and very severe COPD patients in
sildenafil arm was eight and nine, respectively and in
the placebo arm were nine and eleven, respectively
(Figure). The baseline parameters of the study group
are given in table 1.
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Figure.  Flow chart of patient recruitment to the study.
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Patient receiving sildenafil (median=266m) did not
seem to differ in 6MWD test from placebo
(median=365m) at baseline (Mann-Whitney U=113.50,
p>0.05). There was significant increase in 6MWD from
baseline after one month follow-up in sildenafil group
(Δ6MWD median=190m) compared to placebo users
(Δ6MWD median=15m, Mann-Whitney U=60.00,
p<0.05). Similarly, there was significant increase in
6MWD from baseline after three months follow-up in
sildenafil users (Δ6MWD median=190m) compared to
placebo users (Δ6MWD median=0, Mann-Whitney
U=35.50, p<0.05) (Table 2).

Friedman’s ANOVA was applied separately for
sildenafil group and placebo for comparison of PAP
at baseline, after one month follow-up and after three
months follow-up.

consent as he developed epigastric discomfort and
another was lost to follow up. In the placebo arm one
patient developed acute exacerbation, within one
month of therapy and another was lost to follow up.

 Headache was the most common side effect with
sildenafil. Other adverse effects noted were epigastric
pain or discomfort, headache, paresthesias, and
numbness.

DISCUSSION

In our study sildenafil has shown to improve the
6MWD test and a decrease in PAP. Similar increase in
6MWD was found in a study of four patients with
COPD and three patients with idiopathic pulmonary
fibrosis (IPF) who were administered sildenafil 50mg
three times daily for eight weeks. The study concluded
that sildenafil may have a role for selected patients
with COPD and IPF who have pulmonary
hypertension.14 In some recent studies,15-18 sildenafil
proved to have a role for selected pulmonary and
cardiac patients with pulmonary hypertension. It
improved exercise capacity and haemodynamic
parameters in these patients.15-18 Interestingly,
sildenafil was found helpful in weaning off three
patients of acute exacerbation of COPD from
ventilator.19 They had repeated failures of breathing
trials. Reduction in PAP was proposed as a
mechanism helpful in these patients.

However, in another study done in patients with
PAH, sildenafil when administered for three months,

Table 1. The baseline characteristics of the patients in
sildenafil and placebo groups

Characteristic Sildenafil Placebo

Age 60.7±8.5 63.6±6.7

FEV1% predicted (m) 32.5±11.1 28.5±7.5

6MWD (m) 268.9±139.9 323.1±165.6

PAP (mmHg) 52.7±11.9 47.8±13.4

All data are expressed as mean±SD

FEV1=Forced expiratory volume in the first second;
6MWD=Distance covered in six minute walk test
PAP=Pulmonary artery pressure (mmHg); SD=Standard
deviation

Table 2. Change in distance covered in six-minute walk (6MWD) test and pulmonary artery pressure (PAP) in sildenafil and
placebo groups

Time Point Change in 6MWD PAP
(metres) (mmHg)

Sildenafil Placebo Sildenafil Placebo

Mean Median Mean Median Mean Median Mean Median

Baseline — — — — 53±12 48 48±13 43

4 weeks 150±123 190 24±117 15 47±17 36 45±14 40

12 weeks 191±127 190 39±87 0 41±8 30 44±12 3 2

After three months of therapy in sildenafil group,
PAP was significantly decreased (χ2=14.94, p<0.05)
whereas there was no significant change in placebo
group (χ2=3.84, p>0.05). Wilcoxon test were used to
follow up this finding. A Bonferroni correction was
applied and so all effects were reported at a 0.025
level of significance. The PAP in sildenafil users did
not significantly change from the baseline to one
month (p>0.025); however, there was significant
change from baseline to three months (p<0.025)
(Table 2).

Four patients, two in each group did not complete
the study. In the sildenafil arm, one patient withdrew

improved the 6MWD, World Health Organization
(WHO) functional class of dyspnoea even without
any significant improvement in PAP.20 These results
suggest a possibility that apart from effect on PAP
sildenafil might have an additional effect on physical
endurance and functional class of dyspnoea.

In a previous study,8 the change in 6MWD was
observed to be 82±26 metres. As the alpha error of the
above-mentioned study was 0.05 and the desired
power 80%, the sample size determined was adequate
to obtain a significant result.

Our study showed a modest improvement in PAP
in sildenafil group at the end of the study. The
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improvement in distance 6MWD in our study was
out of proportion to the improvement in PAP. The
mean increase in the 6MWD at the end of 12 weeks in
patients on sildenafil was 190.66 metres, while in
patients on placebo, mean increase in distance was
38.89 metres. These results lead us to think that
factors other than improvement in PAP might be
responsible for this finding. This notion is further
supported by yet another study which suggested that
sildenafil may help all COPD patients, even those not
diagnosed with full blown PAH.21

Increased contractility of right ventricle (RV) in
setting of RV hypertrophy is commonly observed in
severe COPD patients. Recently, it has been proposed
that sildenafil reverses remodelling of RV22,23 and may
improve breathing capacity as PDE type 5 inhibition
also has been implicated in reversing broncho-
constriction.24 Transformation of pulmonary
fibroblast to myofibroblast, mediated by transforming
growth factor-beta (TGF-β), plays an important role in
various pathophysiologic events related to COPD and
IPF. It has been shown that combining sildenafil with
the guanylyl cyclase activator suppresses TGF-β
induced differentiation and may affect the course of
the disease.25

In contrast to our results, a recent study9 on 15
COPD patients (9 with PAH and 6 without PAH), a
three months course of oral sildenafil failed to show
improvement in stroke volume and exercise capacity.
Different effects of sildenafil  probably can be
explained on the basis of severity of COPD disease in
the recruited patients. Mean FEV1 in that study9 was
49% of predicted while patients in our study had
mean FEV1 of 32.5% only. Baseline mean 6MWD was
269 metres in our study in comparison to 385 metres
in their study. Probably these results suggest that
sildenafil is effective in patients with more severe
COPD.

CONCLUSIONS

Sildenafi l  increased the 6MWD significantly.
The drug reduced PAP in patients with severe
COPD.
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