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For patients with pulmonary arterial hypertension (PAH), the most recent European guidelines state that
right heart catheterisation (RHC) is mandatory for confirming the diagnosis of PAH, and that RHC
should be considered 3–6 months after therapy changes and in patients who experience clinical
deterioration [1, 2]. The guidelines also mention that some centres perform RHC at regular intervals
during follow-up [1, 2]. However, many centres across the world do not routinely monitor invasive
haemodynamic variables during follow-up, for a variety of potential reasons including the invasive nature
of the test, cost or availability. We argue that, based on current data, RHC is still an indispensable
component of the clinical management and follow-up of PAH patients in the current treatment era.

The goal of treatment in PAH is to achieve or maintain a low-risk clinical profile, which can be defined by
the accumulation of an increasing number of low-risk features [1, 3–5]. A multidimensional risk
stratification tool that includes clinical variables and markers of right ventricular function may classify
patients at low (<5%), intermediate (5–10%) and high (>10%) risk of death within the following year [1,
2]. Several recent studies in contemporary PAH populations have helped validate this approach in
assessing treatment responses and prognostication [3–5]. In the French registry, 1017 patients with PAH
who underwent RHC within the first year of treatment were risk stratified by the number of low-risk
criteria present: cardiac index ⩾2.5 L·min−1·m−2, right atrial pressire <8 mmHg, New York Heart
Association (NYHA) functional class I or II, and 6-min walk distance (6MWD) >440 m [3]. The
haemodynamic low-risk criteria at the time of follow-up RHC were independently associated with
long-term outcomes; therefore, follow-up RHC added value beyond the noninvasive variables. These
results were consistent with a previous study by NICKEL et al. [6] and a haemodynamic substudy of the
SERAPHIN randomised controlled trial comparing macitentan to placebo, where having a cardiac index

Received: April 18 2018 | Accepted: April 20 2018

Copyright ©ERS 2018

https://doi.org/10.1183/13993003.00738-2018 Eur Respir J 2018; 52: 1800738

| EDITORIAL
PULMONARY VASCULAR DISEASE

https://orcid.org/0000-0003-0703-2892
https://orcid.org/0000-0002-0615-4575
mailto:marc.humbert@aphp.fr
http://ow.ly/BUUi30kbbM5
http://ow.ly/BUUi30kbbM5
https://doi.org/10.1183/13993003.00738-2018
https://doi.org/10.1183/13993003.00738-2018
http://crossmark.crossref.org/dialog/?doi=10.1183/13993003.00738-2018&domain=pdf&date_stamp=


⩾2.5 L·min−1·m−2 after 6 months of treatment was a useful predictor of disease progression and morbidity
[7]. Even in patients who achieve multiple low-risk clinical criteria, including a cardiac index
⩾2.5 L·min−1·m−2, there is additional value in quantifying the stroke volume index (SVI) from a follow-up
RHC, independent of noninvasive clinical and demographic prognostic factors [8]. We found that patients
with a SVI <38 mL·m−2 had worse long-term outcomes even when multiple low-risk criteria were present,
which highlights the power of RHC-derived measurements in describing right ventricular function as
guidance in treatment decision making and prognostication [8, 9].

While it may be true that a noninvasive risk stratification can identify patients at low risk of short- and
long-term adverse events, haemodynamic assessment is still likely to be required for the majority of PAH
patients who do not meet the noninvasive low-risk criteria. In the study from the French registry by
BOUCLY et al. [3], a subgroup of 603 patients with brain natriuretic peptide (BNP) or N-terminal
(NT)-pro-BNP measurements allowed the identification of a very low-risk subgroup defined by the
presence of normal BNP (<50 ng·L−1) or NT-pro-BNP (<300 ng·L−1), NYHA functional class I or II, and
6MWD >440 m. Patients with all three noninvasive low-risk criteria had a 100%, 99% and 97% survival at
2, 3 and 5 years, respectively. HOEPER et al. [10] recently confirmed the utility of this noninvasive method
of identifying a very low-risk group in the COMPERA registry, with 1-, 3-, and 5-year survival rates of
100%, 100% and 95%, respectively. However, only a small minority of patients meets all three of these
noninvasive criteria during follow-up (9% in the COMPERA study and 19% in the French study). Thus,
most patients do not meet the noninvasive “screening” for low risk and should have the gold standard test
to better elucidate the state of right ventricular function and pulmonary haemodynamics. Noninvasive
assessment of right ventricular function, including SVI, with magnetic resonance imaging (MRI) has great
prognostic utility in PAH [11, 12] and deserves further research, but the extent of the supportive evidence,
its availability for serial assessments, and clinician experience using MRI for guiding clinical decision
making is less than with RHC at the current time. A final point about the utility of RHC pertains to the
shifting demographics of PAH patients in recent decades with an increasing proportion of elderly patients
and a greater burden of comorbidities [13–16]. Few PAH patients over 65 years old ever achieved a
low-risk profile in a recent study from Sweden [16]. Haemodynamics could be particularly useful in
elderly patients since symptoms and exercise capacity may be related to comorbid diseases. It is likely and
even probable that some of these older patients diagnosed with pre-capillary PAH have occult left heart
disease or a combined pre- and post-capillary pulmonary hypertension that could manifest during periodic
haemodynamic re-evaluation [17, 18].

We can be reassured that RHC is a safe procedure in experienced hands. HOEPER et al. [19] reviewed 7218
procedures and found with an overall adverse event rate of 0.8–1.3%. The majority of RHC complications
were mild to moderate in intensity and resolved either spontaneously or with direct management. There
was only one patient with nonfatal permanent disability related to pain from a groin haematoma and there
were four total fatalities, two of which were likely related to the RHC itself (one related to pulmonary
artery rupture and one related to pulmonary angiography causing pulmonary artery rupture and
haemorrhage). Thus, RHC has an exceedingly low risk of death (0.055%) and permanent disability
(0.01%) [19].

There is a relative wealth of data derived from numerous studies that comprised thousands of PAH
patients supporting the prognostic importance of haemodynamics in comparison to the relatively few
numbers of studies and patients with biomarkers, MRI or echocardiographic measurements used for risk
assessment. Thus, the utility of RHC for routine follow-up is supported by the sheer size and weight of the
evidence available at the current time. We contend that while routine RHC may not be necessary during
follow-up for a small proportion of patients who meet noninvasive low-risk criteria, the RHC provides
important information for treatment decisions in the remaining patients.
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