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Science never solves a problem without creating ten more (George Bernard Shaw)

Pulmonary haemodynamics during exercise may help us to understand why patients are severely limited
despite relatively moderate pathological findings at rest. Recently, a European Respiratory Society task
force presented the expert consensus on clinical experience and published studies over the past 50 years in
this field [1], and suggested a definition of “exercise pulmonary hypertension” (exercise PH). In contrast
to previous guidelines [2], this expert statement does not consider an isolated increase of mean pulmonary
arterial pressure (MPAP) over a certain threshold during exercise as pathological. Instead, “exercise PH” is
characterised by an excessive increase of MPAP in relation to the increase in pulmonary blood flow during
exercise. This basically corresponds to a pressure/flow slope. Mainly based on a recent study evaluating
exercise haemodynamics in subjects with and without known cardiac and pulmonary vascular disease [3],
exercise PH is suggested if MPAP increases above 30 mmHg, but only if total pulmonary resistance (TPR)
also surpasses 3 Wood units during maximal exercise. As TPR is calculated as MPAP/cardiac output,
subjects with both high MPAP and high cardiac output levels will not meet the criteria. Alternatively, it
has been suggested that analysis of the steepness of the MPAP/cardiac output slope can identify subjects
with an abnormal haemodynamic reaction during exercise [4]. These considerations have led to several
new questions waiting for answers and opened the door for investigations on the clinical relevance of
pulmonary haemodynamics during exercise [5–8].

In the current issue of the European Respiratory Journal, GUTH et al. [9] drive our attention to a condition of
special interest in regard to the pulmonary pressure−flow relationship: chronic thromboembolic disease
(CTED), i.e. a disease similar to chronic thromboembolic pulmonary hypertension, but with resting MPAP
below 25 mmHg. The study revealed that a large proportion of severely symptomatic CTED patients (in
their cohort 75%) fulfilled the suggested criteria of exercise PH, and presented with a steep MPAP/cardiac
output slope (3.6±1.0 mmHg·L−1·min). These haemodynamic features may explain why patients with CTED
typically suffer from severe respiratory symptoms, despite mild resting haemodynamic findings.

The study of GUTH et al. [9] also addresses the question of how thrombendarterectomy in CTED changes
pulmonary haemodynamics. After the operation, CTED patients showed a significant improvement in
exercise capacity and quality of life as well as their pulmonary haemodynamics. Particularly during exercise,
the TPR values and their MPAP/cardiac output slope (2.3±0.8 mmHg·L−1·min) improved considerably as
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compared to pre-operative values. This offers a potential explanation why CTED patients benefit so much
from thrombendarterectomy, despite little decrease of resting MPAP (from 20 to 17 mmHg). These data are
encouraging and are in line with the results of previous pilot studies in patients with systemic sclerosis
showing positive effects of pulmonary arterial hypertension (PAH) drugs on exercise haemodynamics,
despite little or no effect on resting haemodynamics [10–12].

In spite of this and other recent important contributions in the field, many questions regarding exercise
haemodynamics remain to be answered. Some methodological details regarding the optimal assessment
of haemodynamic variables are still under discussion [13–16], and the associations between exercise
haemodynamics and vascular properties are just starting to be analysed [17, 18].

In addition, we still need to better recognise and understand the causes of exercise PH. There are three
major causes explaining an excessive MPAP increase in relation to flow during exercise. Patients with left
heart diseases develop strongly elevated left cardiac and pulmonary arterial wedge pressure (PAWP) values
during exercise resulting in a strong increase in pulmonary arterial pressure. In contrast, post-capillary
pressures and PAWP remain low in patients with diseases of the pre-capillary pulmonary arteries. Finally,
in patients with airway or lung diseases, an increase of intrathoracic pressures during exercise may be the
reason for a steep increase in right atrial pressure, MPAP and PAWP. In theory, cardiac, pulmonary, or
pulmonary vascular limitations may be distinguished, but in reality, differences in haemodynamic patterns
may often be difficult to recognise and, of course, combinations of these conditions may occur. Studies for
improved delineation of these patients are needed, as potential therapeutic opportunities may primarily
depend on the underlying condition.

Another open question is whether exercise PH is predictive for the development of manifest pulmonary
hypertension. Systemic sclerosis is often considered as a model to investigate the development of
pulmonary hypertension and some studies suggest that exercise PH may represent an early pulmonary
vascular involvement and predict manifestation of PAH [19–21]. This might be also the case in patients
with CTED [22], but only long-term follow-up studies could answer this question.

Beyond all these considerations, however, one question appears to be most important: is exercise PH
prognostically relevant? A small study supported this hypothesis [23] and a large, prospective multicentre
international trial is currently on the way. Hopefully, this study will be soon completed and will give us the
opportunity to better understand the links between pathophysiology, prognosis and symptoms: and the
answers will surely create at least ten questions more…
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