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Pulmonary hypertension at exercise in COPD: does it

matter?
Robert Naeije* and Bart G. Boerrigter#

P
ulmonary hypertension is a common complication of
chronic obstructive pulmonary disease (COPD). In
these patients, the increase in pulmonary artery

pressure (PAP) is usually mild, in the range of 20 to
30 mmHg mean PAP (mPAP) with little progression over the
years, on average 0.4 mmHg per year, and is preventable and
sometimes partially reversible with chronic oxygen therapy
[1, 2]. Sharp increases in PAP may occur during sleep or
episodes of acute respiratory failure, and also during exercise
[1, 2]. Pulmonary hypertension in COPD is explained by the
combined effects of hypoxia, inflammation, hyper-inflation of
the lungs and an increase in left ventricular end-diastolic
pressure [2, 3]. Increased PAP is associated with decreased
survival, may be the cause of clinical right heart failure,
particularly in hypoxaemic patients with associated salt and
water retention, and is thought to limit exercise capacity [1, 2].

Right heart catheterisations to evaluate the pulmonary circu-
lation used to be common practice in patients with advanced
COPD. The procedure is nowadays limited to the work-up of
lung transplantation or lung volume reduction surgery, or for
the understanding of symptoms that appear out of proportion
with the lung function impairment [2, 4]. Some rare patients
with COPD, approximately 1% of those referred to expert
centres, present with ‘‘out of proportion pulmonary hyperten-
sion’’. This entity is defined by a particular combination of
mPAP .35–40 mmHg, only moderate airflow obstruction,
hypoxaemia and hypocapnia [2–5]. Whether ‘‘out of propor-
tion pulmonary hypertension’’ actually represents a form of
pulmonary arterial hypertension (PAH) triggered by altered
blood gases or inflammation associated with COPD remains
unclear [5]. But there has been no reported evidence until now
that targeted therapies shown effective in the treatment of
PAH might be of any help.

In this context of relative disenchantment, HILDE et al. [6] report
in this issue of the European Respiratory Journal an interesting
paper on invasive exercise haemodynamics in COPD. The
authors catheterised 98 COPD patients with Global Initiative
for Chronic Obstructive Lung Disease (GOLD) stage II to IV

disease severity. Pulmonary hypertension defined by a mPAP
higher than 25 mmHg was identified at rest in 27% of the
patients, increasing to approximately half of those in GOLD
stage IV. This is in keeping with previous reports of increased
PAP in proportion to COPD severity [1, 2]. More original was
the evaluation of the functional state of the pulmonary
circulation by multipoint PAP–cardiac output or PAP–workload
relationships up to maximum aerobic exercise capacity (or
maximum oxygen uptake, VO2max). As recently discussed, this
approach allows for a refined measurement of the resistive
properties of the pulmonary circulation, and may help under-
standing of the mechanisms of decreased exercise capacity [7].
Exercise was associated with a slight increase in pulmonary
vascular resistance (PVR), in contrast with the decrease normally
seen in healthy subjects. The slope of mPAP–cardiac output was
on average 4.5 mmHg?L-1?min-1 in the patients without resting
pulmonary hypertension and 7.2 mmHg?L-1?min-1 in the
patients with resting pulmonary hypertension, which is higher
than in normal subjects in whom the slope of mPAP–cardiac
output does not normally exceed 3 mmHg?L-1?min-1 [7–9]. A
slope of 3 mmHg?L-1?min-1 corresponds to a mPAP around
30 mmHg at a cardiac output of 10 L?min-1, which is close to the
former definition of exercise-induced pulmonary hypertension
by a mPAP .30 mmHg at exercise which was abandoned at the
2008 Dana Point world congress on pulmonary hypertension
[10]. Thus HILDE et al. [6] show that ‘‘exercise-induced
pulmonary hypertension’’ is common in COPD. This is an
important finding. One would certainly agree with the authors
that future definitions of pulmonary hypertension in COPD
should rely on the slope of mPAP–cardiac output relationships.

HILDE et al. [6] also expressed the pulmonary vascular response
to exercise by mPAP–workload plots. This presentation also
showed higher than normal slopes, as expected since there is a
linear relationship between cardiac output, VO2 and workload
[11]. However, cardiac output–workload relationships present
with a marked inter-individual variability related to individual
differences in mechanical efficiency of the work [8]. Therefore,
it is preferable to define the functional state of the pulmonary
circulation by mPAP–cardiac output rather than mPAP–
workload plots, as it is flow and not workload that determines
pulmonary vascular pressures.

HILDE et al. [6] make a case that their exercise measurements
were done in the supine position, and mention that this could
be a limitation to their findings. This is true for the iden-
tification of exercise-induced changes in PVR. The upright
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position is associated with a decreased venous return and
de-recruitment of pulmonary vessels, which increases resting
PVR. However, low levels of exercise are associated with full
recruitment of pulmonary vessels, so that subsequent fall in
PVR at higher levels of exercise is entirely explained by the
distensibility of the pulmonary resistive vessels, and body
position does not affect the slope of mPAP–cardiac output
relationships [12].

Many studies have reported on a higher than normal wedged
PAP (PCWP) in COPD. In the National Emphysema Treatment

Trial, 61% of the patients had a PCWP higher than the upper
limit of normal of 12 mmHg [13]. In the study of HILDE et al. [6],

PCWP was on average normal at rest, but increased markedly
at exercise, in patients with, as well as without, pulmonary

hypertension. It has been previously shown that in patients
with COPD, PCWP and PAP increase at rest and more so at

exercise, along with oesophageal pressures, in relation to
dynamic hyperinflation and expiratory muscle contraction

[14–16]. Therefore, pulmonary vascular pressures may actually
increase with intrathoracic pressure becoming higher than

reference atmospheric pressure, although a direct compression
of the heart may also occur, thereby further increasing left

ventricular end-diastolic pressure [14–16]. As illustrated in
figure 1, intrathoracic pressure swings in patients with COPD

may be huge, but are more positive than negative. Associated
changes in PCWP are tightly related to left ventricular end-

diastolic pressure [14] and are therefore not caused by a
compression of pulmonary vessels by positive alveolar
pressures. It is thus very likely that increased intrathoracic

pressure at exercise contributed to increased slope of mPAP–
cardiac output in the patients reported by HILDE et al. [6].

Pulmonary vascular pressures used to be averaged over two to
three respiratory cycles, rather than measured only at end-
expiration as currently recommended [14–16]. In the study by
HILDE et al. [6], pulmonary vascular pressures were measured
at end-expiration and the authors even added a temporary
breath-hold. Whether this manoeuvre might have further
increased or decreased intrathoracic pressure, and thus
mPAP and PCWP is unclear. However, the question remains
as to whether it makes ‘‘physiological’’ sense to read PAP and
PCWP exclusively at the moment when intrathoracic pressure
is highest. It may be more sensible to subtract oesophageal
pressures from pulmonary vascular pressures for a realistic
evaluation of the pulmonary circulation in the presence of
marked variations in intrathoracic pressures [14–16].

Another interesting aspect of the report by HILDE et al. [6] was
the abnormal behaviour of the pulmonary artery compliance
(Ca), which decreased at exercise in COPD patients, in contrast
with the expected increase in healthy subjects [17]. There is an
obligatory hyperbolic inverse relationship between PVR and
Ca, with a constant value for PVR6Ca, or time constant of the
pulmonary circulation persisting over a wide range of
pulmonary vascular diseases and severities of pulmonary
hypertension [18, 19]. Mildly increased PVR, such as for
example in patients after successful pulmonary endarterect-
omy, may be a cause of markedly decreased Ca accounting for
persistent exercise intolerance [20].

What is the clinical relevance of the findings reported by HILDE

et al. [6]? Peak exercise PVR and Ca were negatively correlated
to maximum workload or 6-min walk distance, which
indirectly suggests that excessive afterloading of the right
ventricle would limit exercise capacity. However, the patients
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FIGURE 1. Simultaneous pressure recordings of pulmonary artery pressure (PAP) and pulmonary capillary wedge pressure (PCWP) (black lines) with oesophageal

pressure (grey lines) in a) a healthy subject at rest and b) during exercise; and a chronic obstructive pulmonary disease (COPD) patient (forced expiratory volume in 1 s 30%

of predicted) c) at rest, d) PAP during exercise and e) PWCP during exercise. The arrows represent the moment of balloon inflation. Note the large influence of intrathoracic

pressure on PAP and PCWP, at rest and more so during exercise in COPD. (B.G. Boerrigter and A. Vonk-Noordegraaf; personal communication.)
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had also a marked ventilatory impairment, with increased
arterial carbon dioxide tension and little or no ventilatory
reserve. Pulmonary hypertension might not matter much when
patients cannot increase their ventilation [21]. It may be that the
right ventricle limits exercise capacity only in COPD patients
with ‘‘out of proportion pulmonary hypertension’’, who present
with preserved ventilatory reserve, hypocapnia hypoxaemia
and very low mixed venous oxygenation at maximal exercise
[22]. Only these patients might be candidates for trials of
targeted therapies with drugs shown efficacious in PAH.

Right heart catheterisation at exercise in COPD requires a lot of
skill, persistence, patience and persuasion. HILDE et al. [6] are to
be commended for this "tour de force" on almost a hundred
patients. Their results contribute to the understanding of the
pulmonary circulation in COPD and remind us of the
importance of physiologically sound measurements. Further
progress will require more insight into heart-lung interactions
and right ventricular function as potential limiting factors of
exercise capacity, for the identification of the subset of patients
who might potentially benefit from therapies targeting the
pulmonary circulation.
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