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In their French experience of balloon pulmonary angioplasty (BPA) for chronic thromboembolic
pulmonary hypertension (CTEPH), BRENOT et al. [1] describe all consecutive patients with inoperable
CTEPH who underwent BPA at the French Reference Centre for Pulmonary Hypertension at Université
Paris-Sud, France. All cases were discussed in a weekly multidisciplinary meeting including experienced
surgeons for pulmonary endarterectomy, interventional radiologists/cardiologists, radiologists experienced
in pulmonary vascular imaging and physicians with expertise in pulmonary hypertension, as recommended
in the most recent ESC/ERS pulmonary hypertension guidelines [2]. In that setting, 184 patients were
deemed eligible for BPA and underwent a total of 1006 BPA sessions. The authors conclude that a refined
BPA strategy improves symptoms, exercise capacity and haemodynamics in inoperable CTEPH patients.

This is the largest single-centre BPA experience outside of Japan to this date (the largest from Japan
comprises 1408 procedures [3]). One of the other strengths is that it provides a thorough description of
the procedure, and state-of-the-art peri-procedural management, for example anticoagulation. What is
concerning is that results were worse than in the Japanese multicentre registry, which reported a
post-procedural mean pulmonary arterial pressure (mPAP) of 22 mmHg, compared with a post-procedural
mPAP of 31 mmHg in the present dataset (table 1), while pre-procedural mPAP was 43 mmHg in both
datasets. Another Japanese single-centre report concluded the procedures with a post-procedural mPAP of
around 20 mmHg [4], corresponding to near-normalisation of resting pressures [5]. In the German dataset
that was published in 2017, final post-procedural mPAP was 33 mmHg (table 1) [6]. Other European
series provide similar data [7]. Is European (French) CTEPH different? Or did the authors not seek
treatment of all segments? Or were they not able to treat all segments? The precise mechanisms of
diverging results remain uncertain, but some contributing factors are discussed below.

After a first case report in 1988 [8] and the pivotal report from Feinstein in 2001 [9] with a discouraging
5.6% death rate, a 61% incidence of lung injury and a 17% requirement for mechanical ventilation [9],
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BPA underwent refinement by Japanese interventionists [10], which set a new standard for the procedure
by 2012. While there are currently 1.7 surgical pulmonary endarterectomies per million of population
performed in Europe annually, compared with 0.9 per million in the USA, only approximately 60
pulmonary endarterectomies are performed annually in Japan, accounting for 0.47 procedures per million
population. While many of the Japanese patients undergoing BPA are considered operable by European
surgeons, European BPA patients are classified mainly as technically non-operable, or non-operable due to
poor risk benefit ratio. Therefore, patient selection could be a main reason for different BPA outcomes.

While BRENOT et al. [1] conclude that BPA is associated with a high rate of complications, overall BPA risk
is low: similar to the daily risk of adverse outcomes in patients undergoing complex coronary lesion
revascularisation [11]. One must also bear in mind that pulmonary endarterectomy in high-risk patients
confers a 30-day mortality of >5% [12]. Learning curves and case loads classically factor in procedural
complication rates of percutaneous intervention in general, both in Japan [13] and the USA [14]. Operator
experience, together with refinement of BPA technique [10], play key roles in decreasing BPA-related
complications. The early US [9] and European [7] experiences reported high peri-procedural death rates.
Because of the higher prevalence of venous thromboembolism in the Western World (one per thousand)
compared with Japan (28–32 per million inhabitants), a larger case load of CTEPH is to be expected in
the future in Europe. Whether a pressure-wire guided technique for monitoring distal perfusion pressure
in patients with crossable lesions and baseline mPAP ⩾45 mmHg [15] confers greater procedural safety
remains controversial, and this technique is not currently practised in all major BPA centres of the world.

BRENOT et al. [1] demonstrate that patients with lung injury had significantly higher baseline mPAP (OR
1.08, 95% CI 1.039–1.130; p<0.001) and pulmonary vascular resistance, and poorer exercise capacity (as
measured by 6-min walk distance) (shown in table 4 of their manuscript). Those factors, and the period
during which the BPA procedure was performed (recent versus initial period; OR 0.367, 95% CI 0.175–
0.771; p=0.008), were significantly related to lung injury. While the observation that patients with more
severe disease have worse outcomes is not surprising, the observation that mPAP carries prognostic
information is of interest. Previous data have emphasised the prognostic role of baseline mPAP for CTEPH [16]
and pulmonary arterial hypertension [17]. Pulmonary vascular resistance has been the major prognostic
haemodynamic measure for CTEPH subjected to pulmonary endarterectomy [18]. By baseline mPAP, the
Japanese and European series do not appear significantly different, with 43.2±11.0 mmHg in the patients
studied by OGAWA et al. [3] and around 40 mmHg in those reported by INAMI et al. [15], compared with
40±12 mmHg in the study reported by OLSSON et al. [6] and 43.9±9.5 mmHg in the French series [1].
However, after a comparable number of sessions (median 4 procedures per patient in the OGAWA et al. [3]

TABLE 1 European versus Japanese balloon pulmonary angioplasty (BPA)

French reference
centre

Hannover and Bad
Nauheim

Japanese multicentre
registry

Total patients n 184 56 308
Age years 63±14 65 (55–74) 62±13
Females % 49 61 80
Total procedures performed n 1006 266 1408
Procedures per person 5 (median) 5 (median) 4 (median)

Baseline After BPA Baseline After BPA Baseline After BPA

Patients n 154 56 55 308 196
6MWD m 396±120 441±104 358±108 391±108 318±122 430±109
mPAP mmHg 43.9±9.5 31.6±9.0 40±12 33±11 43.2±11.0 22.5±5.4
PaO2

mmHg 65.0±9.0 73.3±12.0 62.0±9.0 66.0±10.0 Not stated Not stated
SaO2

% Not stated Not stated 93.0±3.0 94.0±3.0 93.3±4.5 94.0±5.2
CO L·min−1 4.8±1.2 5.6±1.4 4.4±1.1 4.6±1.2 Not stated Not stated
CI L·min−1·m−2 2.7±0.6 3.1±0.8 2.4±0.6 2.5±0.6 2.6±0.8 2.8±0.6
PVR dyn·s·cm−5 604±226 329±177 591±286 440±279 854±450 288±195
Patients on riociguat and/or drugs approved for PAH % 62 Not stated 92 Not stated 72 45
Lung injury (% of sessions) 9.1 9.4 17.8
30-day mortality % 2.2 1.8 2.6

Data are presented as mean±SD or median (interquartile range), unless stated otherwise. 6MWD: 6-min walk distance; mPAP: mean pulmonary
artery pressure; PaO2

: arterial oxygen tension; SaO2
: arterial oxygen saturation; CO: cardiac output; CI: cardiac index; PVR: pulmonary vascular

resistance; PAH: pulmonary arterial hypertension.
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series, and mean 5–6 procedures per patient in the French series [1], which is more procedures per
patient than in the German series [6]) final mPAP was 22.5±5.4 as reported by OGAWA et al. [3] and
31.6±9.0 mmHg in the French series [1].

Procedural success and risk of death may depend on lesion characteristics [19]. French authors avoided
tortuous lesions and chronic total occlusions (CTOs). CTOs are numerically predominant lesions in
European patients, presumably purporting haemodynamic improvements when successfully managed, as
whole lobes may be revascularised. While general recommendations caution against intervention of
complex occlusions in the pulmonary arteries, particularly large branches and lobes, procedural skills and
equipment in the future will have to include those lesions in the feasibility expectations of BPA. Currently
available data suggest that angiographic type of treated lesion shows no correlation with the occurrence of
lung injury, but multivariate analysis revealed that BPA-related vascular injury was the only independent
factor associated with lung injury [20]. This may be related to current BPA treatment rules avoiding CTOs.
CTO percutaneous coronary intervention generally requires more procedural resources and carries higher
risk for complications than percutaneous coronary intervention of non-CTO vessels [21], and one may
predict that this will be the same for BPA.

Finally, other factors may contribute to the differences observed in the procedural outcomes. Recently, a
study comparing the vascular phenotypes of European with Japanese CTEPH patients on the basis of an
analysis of surgical thromboendarterectomy specimens and corresponding plasmas, demonstrated that
European CTEPH clots are larger, contain more red thrombus, and patients display a “metabolic
syndrome”-like and more inflammatory thrombotic phenotype that may be accounted for by genetics,
lifestyle or environmental interactions, and may be a determinant of differential treatment outcomes [22].

Taken together, current practice in treating CTEPH still varies between Europe and Asia. While in the
present study roughly 60% of CTEPH patients were receiving medical treatments, Japanese physicians use
less medical treatment support, with approximately half of patients on medical therapy stopping those
treatments after BPA in the most recent multicentre registry [3]. Medical treatments could have led to
better haemodynamics in European patients, but did not, thus emphasising other factors as mentioned
above. The concept that European CTEPH harbours more secondary vascular disease in the pre-capillary
compartment is hypothetical.

It took 15 years to develop and fine-tune BPA in Japan; therefore, an optimistic view is justified, and in
upcoming years we expect even more excellent results than the ones shown here by French CTEPH
experts in a European population.
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