
A roadmap for management of chronic
thromboembolic pulmonary hypertension

To the Editor:

In a recent editorial published in the European Respiratory Journal, LANG and MATSUBARA [1] comment on
the French experience of balloon pulmonary angioplasty (BPA) for inoperable chronic thromboembolic
pulmonary hypertension (CTEPH) in the context of international BPA experience [2]. The groundbreaking
development of BPA techniques (initially developed in the USA by FEINSTEIN et al. [3]) is widely recognised,
and Matsubara and his Japanese colleagues should be congratulated for refining this treatment [4]. In the
mid-2010s, BPA was implemented in high-volume expert centres in Europe, including France and Germany
[2, 5]. These large European centres host multidisciplinary teams with experienced surgeons for pulmonary
endarterectomy, interventional radiologists/cardiologists for BPA, radiologists experienced in pulmonary
vascular imaging and pulmonologists/cardiologists with expertise in pulmonary hypertension management
[6]. As described in our recent article in the European Respiratory Journal [2], the French reference centre
for pulmonary hypertension has generated strong data in a large cohort of inoperable CTEPH (or patients
with persistent pulmonary hypertension after pulmonary endarterectomy) treated with BPA between 2014
and 2017. There is no doubt that BPA is an important treatment option for carefully selected CTEPH
patients [1–6]. Some recommendations from LANG and MATSUBARA [1] are well taken and we agree that
developing a BPA programme in an expert CTEPH centre is certainly a challenging but inspiring task and
that our goals should be very ambitious. We wish, however, to provide some additional comments and ask
to correct a number of erroneous statements in the editorial [1].

First, the statements on pulmonary endarterectomy should be further discussed. In France and in the UK,
more than two endarterectomies are currently performed per million of the population in a single national
referral centre in charge of treatment of the whole French and UK population, thanks to a structured
network of commissioned centres [7, 8]. By contrast, in Japan, only 60 endarterectomies are performed
annually in low-volume centres, with around 0.5 endarterectomies per million population (and not one per
billion as originally stated in the editorial [1]). These differences should be elucidated. Among possible
explanations, one could be lack of access to surgery or insufficient surgical expertise in some Japanese centres
[1, 6]. Moreover, it cannot be excluded that different CTEPH phenotypes may exist in Europe compared
with Japan, with less proximal disease in Japan, as suggested by the editorialists [1, 9]. Thus, indirect
comparison between two different populations remains very hypothetical and subject to bias [1, 9].

More concerning is table 1 in the editorial [1], which should be entirely revised due to multiple errors. We
have tried to understand the numbers presented in the table and understand that there were some
mistakes: 1) comparing lung injury per procedure in the Japanese study versus per patient in the French
subjects undergoing several procedures [1, 2, 4]; 2) comparing long-term follow-up results in a subset of
the Japanese multicentre registry versus results observed immediately post-BPA in all French patients
undergoing BPA [1, 2, 4]; and 3) comparing incomplete haemodynamic data from both reports [1, 2, 4].
After correction of the above errors, we have produced a new table (table 1), describing the results in
French and Japanese BPA programmes in terms of efficacy, safety and 30-day mortality.

There is no doubt that clinical outcomes of operable and inoperable CTEPH patients will improve
markedly in the modern management era, and we are certainly on the way to near-normalisation of
pulmonary haemodynamics at rest in most CTEPH patients treated in expert centres [1, 2, 4, 6].
Multicentre consortia should now produce stronger data both from randomised controlled trials and
multicentre registries, in order to implement CTEPH guidelines. It is clear that CTEPH management
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requires high-volume centres and multidisciplinary approaches. In that context, BPA is a CTEPH
treatment option among others [6]. Several studies are currently addressing key issues in this condition
and their results are eagerly awaited. These include a better evaluation of the respective and potentially
complementary roles of medical therapy and BPA in treatment-naïve patients with inoperable CTEPH
(RACE study; NCT02634203). Moreover, an ongoing international BPA registry will provide long-term
information on this procedure (NCT03245268). Lastly, it is very likely that medical, surgical and
interventional approaches are not mutually exclusive and that CTEPH patients may benefit from
multimodal “hybrid” treatment options.
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TABLE 1 Results of balloon pulmonary angioplasty (BPA) in France and in Japan

French reference centre [2] Japanese multicentre registry [4]

Period February 2014 to July 2017 November 2004 to March 2013
Patients n 184 308
PAH therapy before BPA (% of patients) 62 68
Total procedures n 1006 1408
Lung injury (% of procedures) 9.1 17.8
Haemoptysis (% of procedures) 7.1 14
30-day mortality % 2.2 2.6

Baseline After BPA Baseline After BPA

Patients n 154 249
6MWD m 396±120 441±104 Baseline values not

presented in the
follow-up

subpopulation

401±105
mPAP mmHg 44±10 32±9 24±6
Cardiac index L·min−1·m−2 2.7±0.6 3.1±0.8 2.9±0.7
PAWP mmHg 10±3 10±4 7±3
PVR dyn·s·cm−5 604±226 329±177 360±223

Data are presented as mean±SD, unless stated otherwise. PAH: pulmonary arterial hypertension; 6MWD: 6-min walk distance; mPAP: mean
pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance.
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From the authors:

We are grateful to the editors to be able to correct an error in the table (the number for lung injury referred
to % of sessions) and one in the text (“billion” has been corrected to “million”) of our editorial [1]
accompanying the article by BRENOT et al. [2], published recently in the European Respiratory Journal. These
errors have been corrected in the revised version of the table in the editorial; also see the author correction
notice in this issue of the European Respiratory Journal.

We would also like to reply to the correspondence by X. Jaïs and co-workers, referring to our editorial,
and further spotlight one of the most outstanding advances in pulmonary vascular treatments over the
past decade.

We completely agree with X. Jaïs and co-workers that balloon pulmonary angioplasty (BPA) is an
important treatment option for carefully selected patients with chronic thromboembolic pulmonary
hypertension (CTEPH), and that at present and in the future, medical, surgical and interventional
approaches will be applied in combination to benefit patients and lead them to cure. What is important is
that the aim of our editorial was to highlight the French data and comment on their relevance, while
discussing important differences, particularly interventional and technical challenges, between European
and Japanese patients.

Regarding “multiple errors” in the table, it must be said that BRENOT et al. [2] state in their published
manuscript that “All patients underwent a comprehensive clinical evaluation before the first BPA
(baseline), before each BPA session and 3–6 months after the last BPA”, and not “immediately post-BPA”,
as stated in the correspondence. Japanese follow-up data were collected after 425.5±280.9 days [3] and
those of the German series derive from after 24 weeks after the final BPA procedure [4].

Regarding incompleteness of haemodynamic data, we deliberately left out wedge pressure numbers as this
opens another separate discussion on population-based differences between European and Japanese
patients that we did not want to be the subject of our editorial.

Taken together, the French data showed a greater increase in cardiac output than the Japanese data. In
European patients, BPA can decrease pulmonary vascular resistance (PVR) through a decrease of mean
pulmonary artery pressure (mPAP), and a greater increase of cardiac output. In Japanese patients, BPA
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can decrease PVR through a proportionally greater decrease of mPAP, with little increase of cardiac
output.

Future research will be collaborative and shed light on unresolved issues of pulmonary vascular disease in
CTEPH, for example the role of the bronchial circulation in CTEPH and the vascular biology of secondary
pulmonary arteriopathy of CTEPH.
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