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Expert consensus standardisation of provocative testing of the pulmonary circulation is needed
http://ow.ly/4nsNbU

In this issue of the European Respiratory Journal, OLIVEIRA et al. [1] from Harvard Medical School (Boston,
MA, USA) report on rapid recovery of pulmonary vascular pressures after maximum incremental cycling
exercise. The authors combined right heart catheterisation with concurrent cardiopulmonary exercise test
in 95 patients referred for unexplained dyspnoea. 36 patients had precapillary pulmonary hypertension
(PH) during exercise, defined by the authors as displaying a peak exercise mean pulmonary artery pressure
(mPAP) ⩾30 mmHg, a peak wedged pulmonary artery pressure (PAWP) <20 mmHg and a peak
pulmonary vascular resistance (PVR) ⩾1.5 Wood units (WU). 28 patients had postcapillary PH during
exercise defined by a peak PAWP ⩾20 mmHg. 31 matched controls with normal resting mPAP were
selected based on a maximum oxygen uptake ⩾80% predicted in the absence of exercise PH based on the
aforementioned criteria. Workload and oxygen uptake at the ventilatory threshold and at peak exercise
were lower in the exercise PH patients, which confirm the relevance of exercise pulmonary haemodynamic
measurements in unexplained dyspnoea. However, most of the exercise-induced increase in PAWP and
mPAP was reversed within 2 min of recovery. The important message is that pulmonary haemodynamics
have to be measured during, but not after, an exercise stress test for the diagnosis of exercise PH.
Provocative testing is used in many areas of medicine to uncover early-stage pathology. However,
regarding early or latent PH, experts remain utterly cautious. Reports and guidelines derived from the last
World Symposium held in Nice (France) in 2013 state that exercise stress testing or volume loading of the
pulmonary circulation is not encouraged because of insufficient evidence about the limits of normal and
prognostic or therapeutic implications [2, 3]. Yet the practice has been around since the early times of
cardiac catheterisation [4] and significant progress has been made in recent years [5].
It is now well established that the upper limit of normal of mPAP during exercise is 30 mmHg at a cardiac
output (CO) <10 L·min−1, which corresponds to a total pulmonary vascular resistance (TPR) (or mPAP/
CO) of 3 WU [5–9]. Meaningful noninvasive measurements are being reported by dedicated groups [5–7].
Furthermore, evidence is being gathered that higher than normal pulmonary artery pressure during
exercise may be the cause of otherwise unexplained dyspnoea and may facilitate the early diagnosis of PH
secondary to respiratory or left heart conditions [6, 7].
The cause of exercise PH is either an upstream transmission of increased PAWP, such as in heart failure
with preserved or reduced ejection and left heart valvulopathies, or an increase in PVR, such as in
pulmonary vascular disease, hypoxia or disturbed lung mechanics [4–8]. This differential diagnosis is often
clinically straightforward, but precise measurement and interpretation of PAWP or left ventricular
end-diastolic pressure measurements is paramount. The upper limit of normal of PAWP during exercise is
generally thought to be between 15 and 20 mmHg but higher values can be recorded in athletes and in
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elderly subjects [10]. OLIVEIRA et al. [1] considered 20 mmHg as a reasonable upper limit of normal.
However, a higher cut-off value of 25 mmHg has been proposed for the diagnosis of heart failure [11, 12].
Likewise, for mPAP, a flow-corrected measure may be more appropriate. As TPR decreases during exercise
by up to 25% [10], it is easy to predict normal PAWP/CO slopes of <2 mmHg·L−1·min−1. This has indeed
been measured but in limited size healthy control groups [11–13].
It is interesting that OLIVEIRA et al. [1] consider PVR instead of TPR combined to increased pulmonary
artery pressure in the diagnosis of exercise PH and actually retain a cut-off value of 1.5 WU [1]. This PVR
cut-off seems low, since a significant proportion of patients based on these criteria may not exceed a
mPAP >30 mmHg together with TPR >3 WU during exercise. Definitions of PH have traditionally
incorporated a “safety margin” to decrease the prevalence of false positives due to healthy outliers and lack
of precision of measurements. This is why PH is defined by a mPAP >25 mmHg at rest, while the upper
limit of normal is 20 mmHg. One still does not know if a mPAP >30 mmHg at a CO <10 L·min−1,
corresponding to a TPR of 3 WU is enough to minimise false positives across different ethnic populations
and age groups. Conversely, the incorporation of a safety margin may also increase the likelihood of
false-negative cases. In other words, any diagnostic thresholds assume a trade-off between sensitivity and
specificity. For example, there was a recent noninvasive study showing higher exercise TPR values between
3 and 3.5 WU encountered in healthy sub-Saharan black African males [14]. An exercise TPR slightly
above 3 WU is also sometimes measured in invasively explored European healthy controls [8].
Measurements of pulmonary artery pressure and PAWP during exercise are technically challenging and
are complicated by intrathoracic pressure swings [15]. It may then be advised to average the reading of
pulmonary vascular pressure curves over several respiratory cycles instead of only at end-expiration [2].
This was actually done by OLIVEIRA et al. [1] and the most recently updated European Respiratory Society/
European Society of Cardiology guidelines agree [3]. However, doubt remains about when to switch from
one method to the other, and how relevant this is to symptoms and outcome.
Another increasingly popular stress test of the pulmonary circulation is fluid loading, which is mainly used
to detect latent pulmonary venous hypertension in left heart diseases. Thus, any condition associated with
altered left ventricular diastolic compliance or mitral valve stenosis will be associated with a rapid increase
in PAWP when challenged with an increased systemic venous return [16]. Here also there has been debate
about how to standardise a fluid challenge and what cut-off values for PAWP to consider. Fluid loading
increases PAWP in healthy volunteers as a function of age, sex, amount infused and infusion rate [17].
While there is an emerging consensus to infuse 500 mL of saline in 5–10 min, some groups consider a
PAWP of 15 mmHg as a reasonable cut-off for a pathological response [18, 19]. However, a re-analysis of
existing data gathered in healthy subjects and accumulating clinical experience [20] is drifting this cut-off
value to 20 mmHg. It should not be overlooked that exercise increases systemic venous return as well.
However, exercise may be more sensitive than volume loading to detect early pulmonary venous
hypertension in patients with heart failure with preserved ejection fraction [21].
Where do we go from here? The report by OLIVEIRA et al. [1] is an important step forward for the
standardisation of provocative testing of the right ventricular–pulmonary circulation unit, but a lot
remains to be done. While it is hopefully agreed that any test requires measurements while the system of
interest is stressed, there are a series of other methodological issues that will require expert consensus
standardisation. One of those may be body position, as some exercise tests are performed with the subject
sitting on a bicycle, others in a tilted armchair convenient for echocardiography and others simply in the
recumbent position of a catheterisation laboratory table. Body position certainly affects resting pulmonary
haemodynamics since upright posture is associated with pulmonary vascular decruitment and reduced
systemic venous return. However, body position is probably less important for exercise measurements, but
more data are certainly needed. The exercise modality also matters, as a resistive component may be
associated with an increased systemic vascular resistance or an increased intrathoracic pressure on Valsalva
manoeuver, all affecting directly or indirectly pulmonary vascular pressures. Some centres measure mPAP
as a function of workload, which is linearly related to CO but cannot be considered as a surrogate, as the
range of CO responses to a given workload varies considerably [22]. One of the most urgent questions is
that of end-expiratory versus average reading of pulmonary vascular pressure curves. Last but not least,
there is a need for more validation of noninvasive approaches, as cardiac catheterisation cannot be
generally used for screening or detection of early disease in minimally symptomatic patients.
In the meantime, OLIVEIRA et al. [1] are to be congratulated for moving forward with extremely difficult
experiments combining cardiac catheterisation and exercise testing. It is fascinating that there are still so
many physiological questions to address for a better understanding and early diagnosis of different forms
PH, and that colleagues are ready to roll up their sleeves to solve still-pending methodological issues.
No medical advance is possible without undisputed methodology.
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