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Treating pulmonary hypertension in COPD:

where do we start?
M.M. Hoeper

E
ndothelin receptor antagonists, phosphodiesterase
(PDE)-5 inhibitors and prostanoids are effective treat-
ments for pulmonary arterial hypertension (PAH), a

severe but relatively rare form of pulmonary hypertension
[1–3]. Other forms of pulmonary hypertension as seen, for
instance, in chronic lung disease are much more common than
PAH and although usually less severe, they are clinically
meaningful as they are associated with aggravated symptoms
and shorter survival [4, 5]. Thus, it comes as no surprise that
physicians are tempted to use so-called PAH drugs in other
forms of pulmonary hypertension, even though there is limited
evidence supporting this approach.

In this issue of the European Respiratory Journal (ERJ), STOLZ et al.
[6], from the University Hospital Basel (Basel, Switzerland),
report on the results of a small randomised placebo-controlled
study they conducted to assess the safety and efficacy of the
endothelin receptor antagonist bosentan in patients with chronic
obstructive pulmonary disease (COPD). The study included 30
patients with advanced COPD at Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stages III and IV. It is
noteworthy that the presence of pulmonary hypertension at rest
was not an inclusion criterion as the authors reasoned that
pulmonary hypertension during exercise was to be expected in
the majority of their patients [7]. In fact, echocardiography at
baseline showed no evidence for pulmonary hypertension at rest
in 24 out of the 30 patients. The rationale of the study of STOLZ et
al. [6] was that by lowering pulmonary artery pressure and
improving right ventricular function, bosentan might improve
exercise capacity in these patients. However, after 12 weeks,
patients treated with bosentan did not show improvement in 6-
min walking distance as compared with the placebo group. The
same was true for the maximum oxygen uptake. In fact, bosentan
treatment was associated with detrimental effects since arterial
oxygenation deteriorated significantly as did health-related
quality of life. In line with these findings, a recent study using
the PDE-5 inhibitor sildenafil in COPD patients also found no
improvement in exercise capacity [8].

Despite its obvious limitations, which include a small sample
size, low statistical power, the lack of invasive haemodynamic
assessments and a short observation period, the study by

STOLZ et al. [6] has important clinical implications. It reminds
us that not all forms of pulmonary hypertension will respond in
a similar manner to certain drugs and that treatments that have
beneficial effects in one form of pulmonary hypertension may
have no or even adverse effects in another. This is not surprising
as there are fundamental pathophysiological differences in PAH
and COPD-related pulmonary hypertension. PAH is charac-
terised by progressive pulmonary vascular remodelling, even-
tually resulting in right heart failure with elevated filling
pressures and low cardiac output [9]. Pulmonary vascular
remodelling is also seen in COPD-related pulmonary hyperten-
sion [10] but it usually progresses very slowly [7, 11]. Low output
right ventricular failure is exceedingly rare in COPD-related
pulmonary hypertension and unlike PAH patients, these
patients almost never die from right heart failure. What we tend
to call ‘‘cor pulmonale’’ is in fact a hypertrophied and dilated
right ventricle with elevated filling pressures, i.e. predominantly
diastolic dysfunction. In contrast to the low cardiac output
usually seen in patients with advanced PAH, the cardiac output
remains normal in the vast majority of patients with COPD-
related pulmonary hypertension [12]. COPD exacerbations may
be accompanied by clinical signs suggestive of right heart failure,
such as fluid retention and oedema, but the pathomechanisms
underlying this clinical picture are complex, and once again are
dominated by right ventricular diastolic dysfunction rather than
a low cardiac output. In PAH patients, bosentan acts predomi-
nantly by increasing cardiac output rather than by reducing
pulmonary artery pressure [13]. During exercise, bosentan
reduces isoflow pulmonary artery pressure, i.e. the pulmonary
artery pressure at a given cardiac output [14]. In conditions
where cardiac output is normal, which is the case in the majority
of COPD patients, pulmonary vasodilators like bosentan or
sildenafil simply may not work.

In addition, the study by STOLZ et al. [6] reminds us that
pulmonary vasodilators have the potential to worsen gas
exchange in patients with COPD. This phenomenon was
observed years ago with calcium channel blockers [15] as well
as with other vasodilators [4], and it is not surprising that we
see the same problem with newer drugs.

Given the profound impact that the development of pulmonary
hypertension has on quality of life and survival in patients with
chronic lung disease, it is obvious that we need to study whether
and how we can treat this condition. But which approach should
we take? Probably, we should first look at those patients who
are most likely to respond. CHAOUAT et al. [16] identified a
subpopulation of COPD patients with ‘‘out-of-proportion’’
pulmonary hypertension. These patients were characterised by
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severe pulmonary hypertension, arbitrarily defined by a mean
pulmonary artery pressure .40 mmHg at rest. It is worth noting
that these patients did not have end-stage COPD but rather
moderate airflow obstruction (a mean forced expiratory volume
in one second 50% of the predicted value) and showed some
characteristic clinical features, such as a very low diffusion
capacity for carbon monoxide, profound hypoxaemia and hyper-
ventilation. The prognosis of these patients was particularly grim,
with a 5-yr survival rate of ,10%, compared with 5-yr survival
rates of nearly 60% in patients with less severe pulmonary
hypertension and almost 90% in patients without pulmonary
hypertension. Given the impact on survival and the fact that the
symptoms of these patients were probably driven by the
pulmonary vascular component rather than by airflow obstruc-
tion, this could be the first subgroup of COPD patients to be
studied further.

Short-term pilot trials should address safety (including toler-
ability and gas exchange) and preliminary efficacy (exercise
capacity and haemodynamics). Some detrimental effects on gas
exchange are to be expected with any pulmonary vasodilator if
the effect on ventilation–perfusion matching is not counteracted
by an increase in cardiac output, but this must not necessarily
preclude beneficial clinical effects. In any case, pivotal studies
with drugs that have yielded promising results during the pilot
phase must address solid end-points, such as survival and
health-related quality of life over a long period of time. In
addition to that, if drugs prove efficacious in patients with
moderate COPD but severe pulmonary hypertension, further
trials must assess safety and efficacy in COPD patients with
more advanced airflow obstruction but less severe pulmonary
hypertension, as the clinical response to pulmonary vasodilators
may vary substantially. Thus, the patients under study must be
carefully characterised, which should include right heart
catheterisation, at least at baseline. Echocardiography alone is
not sufficiently reliable in these patients [17, 18] as the challenge
is to find out with as much certainty as possible which patients
will and will not derive benefit from these treatments.

The recommendations from the 4th World Symposium on
Pulmonary Hypertension, which took place in Dana Point (CA,
USA) in February 2008 are expected to be published by the end
of 2008 or early 2009. These will provide similar suggestions
for studying pulmonary hypertension in the setting of chronic
lung disease. For the time being we should be reluctant to use
so-called PAH drugs in patients with COPD-associated
pulmonary hypertension. STOLZ et al. [6] are to be commended
not only for performing this important pilot study but also for
their decision to publish its negative results.
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