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ABSTRACT  Pulmonary hypertension is a serious complication of chronic obstructive pulmonary disease
(COPD) that currently has no established pharmacological treatment. This study aimed to assess whether
concomitant treatment with sildenafil would enhance the results of pulmonary rehabilitation in patients
with COPD and increased pulmonary arterial pressure (PAP).

In this double-blind, randomised controlled trial patients received 20 mg sildenafil or placebo three times
daily and underwent pulmonary rehabilitation for 3 months. The primary end-point was the gain in the
cycle endurance time at a constant work-rate. Secondary end-points included performance in the
incremental exercise test, 6-min walk distance and quality of life.

63 patients with severe COPD and moderately increased PAP were randomised. Cycle endurance time
increased by 149 s (95% CI 26518 s) in the sildenafil group and by 169 s (95% CI 0-768 s) in the placebo
group (median change difference -7 s, 95% CI -540-244 s; p=0.77). Gains in the incremental exercise test,
6-min walk distance and quality of life at the end of the study did not differ between groups. Measurements
of arterial oxygenation and adverse events were similar in both groups.

In patients with severe COPD and moderately increased PAP, concomitant treatment with sildenafil does
not improve the results of pulmonary rehabilitation in exercise tolerance.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a highly prevalent lung disease that constitutes a major
cause of death worldwide [1]. Dyspnoea on exertion is the most common symptom reported by COPD
patients and is a major cause of disability.

Pulmonary hypertension is a frequent complication of COPD, present in >50% of patients with severe
disease [2]. Although pulmonary hypertension in COPD is usually of moderate severity, its presence is
associated with shorter survival, more frequent exacerbations and an increased use of health resources [3].
While airflow obstruction is the major factor limiting exercise tolerance in COPD, recent data suggest that
the presence of pulmonary hypertension might also contribute to exercise impairment [4, 5], particularly in
those with severe pulmonary hypertension [6]. There is currently no pharmacological treatment for
pulmonary hypertension in COPD [7].

Sildenafil, a phosphodiesterase (PDE)-5 inhibitor, improves exercise capacity in patients with pulmonary
arterial hypertension [8]. Inhibition of PDE-5 acts on the nitric oxide signalling pathway in pulmonary
vessels. It delays the degradation of cyclic guanosine monophosphate, thereby enhancing the vasodilator
activity of nitric oxide [9]. Since in COPD the synthesis of nitric oxide in pulmonary arteries is impaired
[10], sildenafil could be beneficial for treating COPD-associated pulmonary hypertension.

Pulmonary rehabilitation is an established intervention for the management of COPD as it improves
exercise tolerance, reduces resting and exertional dyspnoea [11] and ameliorates health-related quality of life
[12]. Pulmonary rehabilitation also improves exercise capacity and health-related quality of life in patients
with pulmonary arterial hypertension [13].

We hypothesised that treatment with sildenafil in patients with COPD and associated pulmonary
hypertension might improve the outcomes of pulmonary rehabilitation in terms of exercise tolerance,
because patients under sildenafil would increase cardiac output and muscle blood supply on exertion at a
greater extent, allowing them to train at higher intensity. To test this hypothesis, we conducted a proof-of-
concept, randomised controlled trial to assess whether concomitant treatment with sildenafil in patients
with COPD and increased pulmonary arterial pressure (PAP) would enhance the effects of pulmonary
rehabilitation on exercise tolerance.

Methods

Design and overview

The study was a 3-month, randomised, double-blind, placebo-controlled trial of oral sildenafil (20 mg three
times daily) combined with pulmonary rehabilitation. Patients meeting eligibility criteria underwent
baseline assessments and were randomised to receive sildenafil or placebo, beginning 1 week before starting
pulmonary rehabilitation. The pulmonary rehabilitation programme took place three times per week for
12 weeks. Assessments were repeated at the end of the study.

The study was approved by institutional review boards in all the participating centres and all the patients
signed informed consent before enrolment.

The study was an investigator-initiated clinical trial funded by the Instituto de Salud Carlos III, Spanish
Ministry of Science and Innovation (Madrid, Spain). Pfizer Inc. (Sandwich, UK) donated sildenafil and
identical tablets containing placebo but took no part in the study design, the accrual or analyses of data, or
the preparation of the manuscript.

The trial was registered at www.clinicaltrials.gov with identifier number NCT 01055405.

Setting and participants

The study was conducted in four university hospitals in Barcelona, Spain. All the evaluation explorations, at
baseline and at study termination, were centralised in the Hospital Clinic of Barcelona, which acted as the
coordinating centre.

Recruited patients were aged between 40 and 80 years, diagnosed with COPD, according to the Global
Initiative for Chronic Obstructive Lung Disease guidelines [1], and increased PAP. Patients were screened
using Doppler electrocardiography. PAP was considered abnormally increased when the maximum
tricuspid regurgitation velocity was >2.7 m-s !, which is equivalent to systolic PAP >34 mmHg [14],
calculated using Bernoulli’s equation, assuming a right atrial systolic pressure of 5 mmHg [15]. In patients
who had previously been subjected to right heart catheterisation (n=14), we considered a definite diagnosis
of pulmonary hypertension when the mean PAP was >25 mmHg. Other potential causes of pulmonary
hypertension, such as chronic thromboembolic pulmonary hypertension or left heart disease, were
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excluded. A previous history of ischaemic or mitral or aortic valve diseases were exclusion criteria. In
addition, electrocardiographic parameters to screen for left heart disease, such as ejection fraction, left atrium
diameter, septum diameter, left ventricular mass index and posterior wall thickness, were between normal
ranges. At randomisation, patients were in a stable clinical condition free of exacerbation episodes for
>4 weeks. Patients were not allowed to use sildenafil or other PDE-5 inhibitors and were excluded if they had
a history of ischaemic heart disease, were treated with nitrates or were unable to exercise on a cycloergometer.

Procedures

Patients meeting eligibility criteria were randomly assigned in a 1:1 ratio to receive sildenafil or matched
placebo via a four-permuted-block design, with no stratification. The randomisation was performed by a
pharmacologist not involved directly in the study.

Before the study, each patient was evaluated using lung function tests, an incremental cardiopulmonary
exercise test and a constant work-rate exercise test, both conducted on a cycloergometer [16], a 6-min walk
test [17] and two questionnaires on health-related quality of life. The constant work-rate exercise,
performed at a load equivalent to 70% of the maximal load the patient could tolerate on the incremental
exercise test, served to assess the cycle time that could be tolerated at this work-rate (endurance time). The
6-min walk test was repeated every month. Health-related quality-of-life questionnaires included the
Spanish versions of a disease-specific health index, the St George’s Respiratory Questionnaire (SGRQ) [18],
and a generic health index, the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) [19].
All these assessments were performed in the coordinating centre.

The pulmonary rehabilitation programme took place three times per week for 12 weeks and was
standardised in the participating centres. Pulmonary rehabilitation consisted of exercise training sessions
with a cycloergometer, conducted by specialised respiratory physiotherapists, designed in accordance with
the American Thoracic Society and European Respiratory Society statement on pulmonary rehabilitation
[20]. Each session comprised a warm-up period, followed by 40 min of cycling with interval training that
combined high work rates (70-100% of maximal workload) with low work rates (40-50% of the maximal
workload) and finally, a cooling-down period. Moreover, the patients worked on their upper limb strength
twice a week. Oxygen saturation and heart rate were continuously monitored during the rehabilitation
sessions. Limb fatigue and dyspnoea were assessed using the Borg scale. Patients on long-term oxygen used
it during exercise training sessions. No other ventilatory support was prescribed during the study.

At the end of the study the incremental exercise test, the constant work-rate exercise test, the 6-min walk
test and the health-related quality-of-life questionnaires were repeated in the coordinating centre. The
constant work-rate exercise test at study termination was performed at the same load as at baseline.

Outcome measures

The primary end-point was the gain in exercise tolerance, assessed as the change in cycle endurance time in
the constant work-rate exercise test. Key secondary outcomes were additional assessments of changes in
exercise performance, including the maximal tolerated workload and peak oxygen uptake in the incremental
exercise test, the distance covered in the 6-min walk test and changes in the scores of the health-related
quality-of-life questionnaires.

Safety evaluations

As sildenafil may worsen pulmonary gas exchange in COPD [21, 22], arterial blood gases were measured at
baseline and at study termination while breathing room air, both at rest and at peak exercise. An additional
measurement was performed 1 month after starting treatment in the patient’s usual conditions. Oxygen
saturation was measured at rest in each rehabilitation session and continuously monitored during the
session, as well as during the 6-min walk tests.

We also recorded the number and severity of acute COPD exacerbation episodes, and interviewed patients
specifically about common side-effects of sildenafil.

Statistical analysis

Based on the study by EMTNER et al. [23], we estimated that the study, with 30 patients per treatment arm,
had an 80% power to detect an additional increase in cycle endurance time after rehabilitation of 180 s in
the sildenafil group, with a two-sided 5% o-value and an assumed standard deviation of 240 s, compared
with the gain obtained in the placebo group.

Categorical variables are described as frequencies and percentages, continuous variables as median and
interquartile range and as mean +sb only for baseline data. To compare categorical variables we used the
Fisher’s exact test, and for continuous and ordinal variables we used the Mann—Whitney non-parametric
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289 patients assessed for eligibility

197 ineligible because
of V'maxTR <2.7 m-s-! at DE

v

v
92 fullfilled eligibility criteria
78 had V'maxTR >2.7 m-s! at DE
14 had mPAP 225 mmHg at RHC

——»| 29 declined to participate

v

63 underwent
randomisation

v v

32 assigned to 31 assigned to
receive sildenafil receive placebo
3 excluded
1 severe exacerbation
before rehabilitation
1 adverse event after first
dose
1 underwent programmed
lung transplantation - Yy - Yy
29 included in the 31 included in the
primary analysis primary analysis
5 excluded 4 excluded
3 severe exacerbations |« » 2 severe exacerbations
2 withdrew consent 2 withdrew consent
24 completed the study | | 27 completed the study

FIGURE 1 Screening, randomisation and follow-up of the study patients. A total of 289 patients were screened for
pulmonary hypertension. 63 underwent randomisation. Of these patients, 60 made up the modified intention-to-treat
population whose data were used in the primary effectiveness analysis. V'maxTR: maximum tricuspid regurgitation
velocity; DE: Doppler electrocardiography; mPAP: mean pulmonary arterial pressure; RHC: right heart catheterisation.

test, with a subsequent estimate of the median difference and 95% confidence interval based on the
Hodges—Lehmann estimator [24].

The incidence rates and rate ratios associated with the two different types of variables were calculated using
Poisson regression models.

The primary efficacy analysis was performed on the modified intention-to-treat population. We excluded
one patient who presented an adverse event after the first treatment dose, one who suffered a severe
exacerbation and could not start the rehabilitation and one who underwent lung transplant (fig. 1). Safety
analysis was performed on the complete set of randomised patients.

Missing values of primary and key secondary end-points were imputed using a conservative value based on the
10th percentile of the overall response, except for the SGRQ, where the 90th percentile was used instead. The
remaining variables were analysed using the approximation “available data only”, without any imputation.

We also performed a post hoc analysis to evaluate the proportion of patients in each group who, after
pulmonary rehabilitation, achieved the minimal important differences in cycle endurance time, established
at 34% from baseline [25]; maximal workload in the incremental exercise test, established at 4 W [26];
6-min walk distance, established at 26 m [26]; and total score of the SGRQ, established at 4 points [27].

The level of statistical significance was set at the 5% bilateral level. All the analyses were performed using the
statistical package SAS version 9.2 software (SAS Institute, Cary, NC, USA).
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TABLE 1 Characteristics of the subjects participating in the study at baseline

Sildenafil Placebo
Subjects 29 31
Male 28 (97) 26 (84)
Age years 66+8 6548
Body mass index kg-m2 27.0+5.1 26.6+4.6
FVC % pred 67416 65417
FEV1 % pred 33+12 31+10
FEV1/FVC 0.37+0.09 0.364+0.10
Total lung capacity % pred 114417 116 +23
Diffusing capacity for carbon monoxide % pred 40+15 40+14
Maximum tricuspid regurgitation velocity” m-s™ 3.06+0.32 3.06+0.26
Mean pulmonary artery pressure’ mmHg 3246 (n=9) 2743 (n=5)
Brain natriuretic peptide pg-mL™’ 42 +51 62+73
Maximal exercise tolerance™ % pred 35+14 30+14
Oxygen consumption at peak exercise® % pred 52+17 LT+ 14
Cycle endurance time® s 269+95 261+128
6-min walk distance m 392+381 379+100
Exercise dyspnoea score® Borg scale 5.74+2.1 6.42+2.1

Data are presented as n, n (%) or mean+sb. FVC: forced vital capacity; % pred: % predicted; FEV1: forced expiratory volume in 1 s. #: estimated by
Doppler electrocardiography; ¥: measured by right heart catheterisation; *: in the incremental cardiopulmonary exercise test; ®: in the constant

work-rate exercise test.

Results

Study participants

The screening, randomisation and follow-up of patients are shown in figure 1. The patients were recruited from
August 2008 to November 2010. 60 patients were valid for the efficacy analysis. 29 of them received sildenafil
and 31 placebo. Characteristics of the participants at enrolment are summarised in table 1. Patients suffered
from severe or very severe COPD with moderate-to-severe hypoxaemia. From the haemodynamic standpoint,
patients selected by electrocardiography had a mean+sp maximum tricuspid regurgitation velocity of
3.06+0.28 m-s! (95% CI 2.98-3.14 m-s*), which is equivalent to an estimated systolic PAP of 42 + 10 mmHg.
In patients who underwent right heart catheterisation, the mean PAP was 31 +5 mmHg and the cardiac index
2.7440.47 L-min'*m2. The exercise tests revealed moderate-to-severe impairment of exercise tolerance.

Outcome measures

At the end of the study, after 12 weeks of treatment combined with pulmonary rehabilitation, the cycle
endurance time in the constant work-rate exercise test increased to a similar extent in patients receiving
sildenafil and those receiving placebo, without differences between groups (p=0.77) (table 2). The
proportion of patients improving cycle endurance time by the minimal important difference of 34% from
baseline [25] was similar in both groups (table 3).

The effects of sildenafil on key secondary outcomes are summarised in table 2. In the incremental exercise
test, the changes in maximal workload and peak oxygen uptake at the end of the study did not differ
between the sildenafil and the placebo groups (p=0.60 and p=0.07, respectively). Furthermore, there were
no differences at the end of study in the oxygen pulse and the anaerobic threshold (data not shown). The
increase in the 6-min walk distance was also similar in both groups (p=0.94).

Differences in each individual component and in the total score of the SGRQ were similar in both groups
(p=0.52 for the total score) (table 2). In the SF-36 questionnaire, scores were indicative of poor health-related
quality of life in all the measurements. The aggregate physical and mental scores are summarised in table 2. At
the end of the study, there were no between-group differences in the change observed in both scores.

The proportion of patients achieving the minimal important differences in maximal exercise workload [26],
6-min walk distance [26] and the total score of the SGRQ [27] did not differ between groups (table 3).

Arterial oxygenation

Study participants had moderate-to-severe hypoxaemia at rest and 18 of them were on long-term oxygen.
There was no need to either prescribe supplementary oxygen because of worsening arterial oxygenation or
remove any patient from the study due to critical oxygenation deterioration.
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TABLE 2 Effects of sildenafil in combination with pulmonary rehabilitation on efficacy outcomes

Baseline Change from baseline Sildenafil-placebo p-value
change differences
Sildenafil Placebo Sildenafil Placebo
Primary outcome
Cycle endurance time s 268 (205-331) 221 (182-318) 149 (26-518) 169 (0-768) -7 (-540-244) 0.768
Secondary outcomes
Maximal exercise 45 (35-59) 40 (34-46) 4 (-1-8) 2 (0-5) 1 (-2-5) 0.600
tolerance W
Oxygen consumption at 862 (654-950) 743 (649-844) 92 (30-163) 22 (-52-64) 58 (0-128) 0.074
peak exercise mL-min”’
6-min walk distance m 397 (370-437) 390 (360-426) 23 (-12-40) 21 (-12-40) 0 (-33-29) 0.935
SGRAQ total score 51.5 (48.1-61.3) 59.6 (45.0-63.6)  -1.6 (-7.1-8.0)  -0.7 (-6.7-2.0) 1.3 (-3.5-6.9) 0.526
SF-36 aggregate physical 33.0 (30.5-39.4) 31.3 (24.2-35.9)  -0.9 (-6.5-3.0) 0.6 (-7.4-8.5) -1.7 (-7.2-2.3) 0.377
score
SF-36 aggregate mental 50.9 (36.4-55.1) 51.1 (44.3-59.6) 0.6 (-7.5-3.00  -3.1(-13.7-3.5) 1.6 (-3.7-8.5) 0.637
score

Data are presented as median (95% Cl), unless otherwise stated. n=29 and n=31 for sildenafil and placebo, respectively. Results are based on the
imputed data using the 10th percentile to impute, except for St George’s Respiratory Questionnaire (SGRQJ, where the 90th percentile was used
instead. SF-36: Medical Outcomes Study 36-item Short Form Health Survey.

DOI: 10.1183/09031936.00176312

No differences between groups were observed, during the study and at its end, in arterial oxygen tension or
saturation, either at rest or during any of the exercise tests (table 4).

Adverse events

The clinical adverse effects reported in the overall set of randomised patients (n=63) were similar in both
groups (table 5). The most common adverse event was COPD exacerbation, which occurred in about one-
third of patients, without differences between groups. The incidence (95% CI) of exacerbations per year was
2.11 (1.16-3.85) in the sildenafil group and 1.79 (1.07-2.98) in the placebo group, with a risk ratio (95%
CI) of 1.18 (0.54-2.60) (p=0.68). The risk ratio for exacerbation episodes leading to study discontinuation
was 2.11 (0.41-10.99) (p=0.38), and for those requiring hospitalisation it was 1.64 (0.29-9.33) (p=0.58).

Discussion
In this trial involving patients with COPD and increased PAP, concomitant treatment with sildenafil did
not improve the effect of pulmonary rehabilitation on exercise tolerance.

Pulmonary hypertension is a serious complication of COPD [2], with no established treatment [1]. The
availability of new treatments for pulmonary arterial hypertension [9] has prompted interest in their potential
usefulness in conditions that may be associated with pulmonary hypertension, such as COPD [28]. Sildenafil
has been shown to improve exercise tolerance in pulmonary arterial hypertension [8], but previous studies
with sildenafil in COPD patients have yielded discrepant results. In two open-label studies conducted in a
limited number of patients, sildenafil, used at doses higher than those currently approved for pulmonary
arterial hypertension, improved exercise tolerance and pulmonary haemodynamics [29, 30]. In contrast,
RIETEMA et al. [31] did not show differences in exercise tolerance and stroke volume in an uncontrolled study
conducted in 14 COPD patients treated with conventional sildenafil doses. In a recent randomised controlled
trial conducted in COPD patients with normal PAP, sildenafil also failed to improve exercise tolerance [22].

The severity of haemodynamic impairment in COPD-associated pulmonary hypertension is much less
pronounced that in pulmonary arterial hypertension [32]. Therefore, it is not surprising that vasodilator
treatment has little impact on exercise tolerance in COPD. However, it is currently unknown to what extent
vasodilator treatment could have an impact on the results of a structured exercise training programme. We
hypothesised that lowering PAP during exercise would be beneficial for patients with COPD undergoing
pulmonary rehabilitation because it would allow them to train at a greater intensity, thereby improving the
results of the rehabilitation programme. This was considered a clinically meaningful end-point because
pulmonary rehabilitation provides well-established outcomes in COPD [1].

Our study is the first long-term, double-blind, placebo-controlled trial assessing the effects of targeted
therapy in patients with COPD and increased PAP. In the present trial sildenafil failed to improve the
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TABLE 3 Patients exceeding the minimal important difference in study outcomes after pulmonary rehabilitation

Minimal important difference Sildenafil Placebo p-value
Subjects n 29 31
Cycle endurance time +34% from baseline [25] 17 (59) 18 (58) 1.00
Maximal exercise workload +4 W [26] 16 (55) 12 (39) 0.30
6-min walk distance +26 m [26] 13 (45) 13 (42) 1.00
Total score in St George’s Respiratory -4 points [27] 13 (45) 13 (42) 0.82

Questionnaire

Data are presented as n (%), unless otherwise stated. p-values derived from the Fisher exact test.

outcomes of pulmonary rehabilitation in terms of exercise tolerance. The increase in exercise capacity,
assessed by the cycle endurance time at a constant work-rate as the primary end-point, was similar in the
sildenafil and placebo groups. Furthermore, the proportion of patients achieving a clinically meaningful
improvement in cycle endurance time did not differ between the groups. Similarly, the improvements
obtained in patients treated with sildenafil in the incremental exercise test and in the 6-min walk test did not
differ from those of the placebo group. Changes in health-related quality of life were also similar. Overall,
these results show that in patients with COPD and increased PAP on electrocardiography, the addition of
sildenafil does not enhance the results already obtained with pulmonary rehabilitation.

In patients with COPD and associated pulmonary hypertension, sildenafil decreases pulmonary vascular
resistance both at rest and during exercise [21]. In the present series, this effect was not reflected in
increased exercise capacity in patients who also underwent pulmonary rehabilitation. The lack of
improvement in this group of patients with severe-to-very-severe airflow obstruction and mild-to-moderate
pulmonary hypertension could be explained by the overwhelming effect of ventilatory impairment on
exercise limitation, which would blunt the potential haemodynamic benefit obtained with sildenafil [6].
Nevertheless, patients in our series increased exercise capacity after rehabilitation and about half of them
achieved clinically meaningful improvements, which is in line with previous studies [33]. The effect of
pulmonary rehabilitation can be explained by the improvement in muscle function and reduction in
ventilatory demand [34]. Conceivably, in our series these changes outweighed the eventual reduction in
pulmonary vascular resistance produced by sildenafil. Our findings indicate that in patients with COPD and
moderately increased PAP on electrocardiography, pulmonary rehabilitation is an adequate intervention to
improve exercise capacity and the additional use of targeted therapy for pulmonary hypertension, namely
sildenafil, does not provide further benefit.

Although sildenafil potentially entails the risk of worsening gas exchange in COPD [22] due to the
inhibition of hypoxic pulmonary vasoconstriction [35], in the present study treatment with sildenafil was
not associated with any significant deterioration in arterial oxygenation compared with placebo. It was not
necessary to start long-term oxygen in any of the patients who did not previously receive it. Presumably, in
patients who also underwent pulmonary rehabilitation, compensatory mechanisms may have counter-
balanced the negative impact of hypoxic vasoconstriction inhibition [21, 35].

Sildenafil was well tolerated and adverse events were consistent with its known effects resulting from
vasodilation. Most events were mild or moderate in severity and did not differ from those of the control
group. The most frequent adverse events were exacerbation of COPD episodes, experienced by about one-
third of the patients. These episodes led to treatment discontinuation in 10% of patients and required
hospitalisation in 8%, without any difference between the two groups.

The study has some limitations. First, pulmonary artery pressure was estimated by Doppler
electrocardiography in the majority of cases. Therefore, a definite diagnosis of pulmonary hypertension
could not be established in those cases. Only 22% of patients had pulmonary hypertension confirmed by
right heart catheterisation. For the purposes of this proof-of-concept trial, the institutional review board
considered that a noninvasive estimate of the PAP was more appropriate for screening patients before
enrolment, taking into account that pulmonary hypertension is extremely frequent in COPD during
exercise [21, 36] and that the objective of the study was to increase exercise capacity during exercise training.
Although electrocardiography may yield some false positive estimations of pulmonary hypertension [7] and
PAP increases with age [14], the characteristics of patients screened by electrocardiography, with a systolic
PAP suggesting that pulmonary hypertension was possible or likely [7, 14], did not differ from those with
pulmonary hypertension confirmed by right heart catheterisation, in terms of lung function, arterial
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TABLE 5 Reported clinical adverse events and incidence of different types of exacerbations

Sildenafil Placebo p-value
Subjects n 32 31
Subjects experiencing adverse events 16 (50.0) 16 (51.6) 1.000
Clinical worsening
Death 0 (0) 0 (0) 1.000
Exacerbations leading to discontinuation 4 (12.5) 2 (6.5) 0.592
Exacerbations leading to hospitalisation 3(9.7) 2 (6.5) 0.915
Adverse events
COPD exacerbation 10 (31.3) 11 (35.5) 0.794
Headache 2 (6.3) 1(3.2) 1.000
Angina pectoris 1(3.1) 0 (0.0) 1.000
Arrhythmia 0 (0.0) 1(3.2) 0.493
Dizziness 1(3.1) 0 (0.0) 1.000
Somnolence 1(3.1) 0 (0.0 1.000
Gastritis 1(3.1) 0 (0.0) 1.000
Peripheral oedema 1(3.1) 0 (0.0 1.000
Palpebral oedema 1(3.1) 0 (0.0) 1.000
Blurred vision 0 (0.0) 11(3.2) 0.492
Rhinorrhoea 1(3.1) 0 (0.0) 1.000
Epistaxis 0 (0.0) 1(3.2) 0.494
Diastolic hypertension 0 (0.0) 11(3.2) 0.491
Hypotension 0 (0.0) 1(3.2) 0.491
Psychiatric disorders 0 (0.0) 1(3.2) 0.491
Depression 0 (0.0) 1(3.2) 0.491

Data are presented as n (%), unless otherwise stated. p-values derived from the Fisher exact test. COPD:
chronic obstructive pulmonary disease.

oxygenation and exercise tolerance (online supplementary tables S1 and S2). Furthermore, in terms of
efficacy, there were no differences in the primary and secondary outcomes between catheterised patients that
received sildenafil or placebo (online supplementary table S3). Secondly, left heart disease was excluded on the
basis of clinical data and echocardiographic assessment. Nevertheless, we cannot completely exclude that
subtle left ventricle diastolic dysfunction could have been overlooked in some cases, although it is unlikely that
it differed between groups. Thirdly, study participants presented a mild-to-moderate increase in PAP
associated with severe-to-very-severe airflow obstruction. In this situation, the ventilatory impairment may
have an overwhelming effect on exercise tolerance. Therefore, our findings cannot be extrapolated to patients
with severe pulmonary hypertension and moderate airflow obstruction (the so called out-of-proportion
pulmonary hypertension in COPD) [7, 37]. Nevertheless, a post hoc analysis restricted to patients with systolic
PAP in the upper tertile (>50 mmHg) revealed no differences between the sildenafil and control groups in the
primary and key secondary outcomes. Fourth, we used a sildenafil dose of 20 mg three times daily, which is
the approved dose for the treatment of pulmonary arterial hypertension. Since sildenafil may exert greater
haemodynamic effects at higher doses [8], we cannot rule out that higher sildenafil doses would have exerted a
different effect on exercise tolerance. Finally, nearly all of the patients included in the study were male.
Therefore, the current findings may not be applicable to females.

In summary, the present double-blind, randomised controlled trial, conducted in patients with COPD and
increased PAP, failed to meet the primary end-point that sildenafil combined with pulmonary rehabilitation
would provide further gain in exercise tolerance. As our patients had only moderately increased PAP, we
cannot extrapolate the present results to patients with out-of-proportion pulmonary hypertension.
Therefore, sildenafil should not be recommended to improve exercise capacity in patients with advanced
COPD and mild-to-moderate pulmonary hypertension. In this condition, pulmonary rehabilitation is the
preferred option for that purpose.
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