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There are distinct regional differences in the management of CTEPH patients but globally, the
proportion of patients managed by PEA remains stable, independently of the new established
treatment options of PAH therapies and BPA https://bit.ly/3zEXxkv
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Abstract
Background Pulmonary endarterectomy (PEA), pulmonary arterial hypertension (PAH) therapy and
balloon pulmonary angioplasty (BPA) are currently accepted therapies for chronic thromboembolic
pulmonary hypertension (CTEPH). This international CTEPH Registry identifies clinical characteristics of
patients, diagnostic algorithms and treatment decisions in a global context.
Methods 1010 newly diagnosed consecutive patients were included in the registry between February 2015
and September 2016. Diagnosis was confirmed by right heart catheterisation, ventilation–perfusion lung
scan, computerised pulmonary angiography and/or invasive pulmonary angiography after at least 3 months
on anticoagulation.
Results Overall, 649 patients (64.3%) were considered for PEA, 193 (19.1%) for BPA, 20 (2.0%) for both
PEA and BPA, and 148 (14.7%) for PAH therapy only. Reasons for PEA inoperability were technical
inaccessibility (n=235), comorbidities (n=63) and patient refusal (n=44). In Europe and America and other
countries (AAO), 72% of patients were deemed suitable for PEA, whereas in Japan, 70% of patients were
offered BPA as first choice. Sex was evenly balanced, except in Japan where 75% of patients were female.
A history of acute pulmonary embolism was reported for 65.6% of patients. At least one PAH therapy was
initiated in 35.8% of patients (26.2% of PEA candidates, 54.5% of BPA candidates and 54.1% of those
not eligible for either PEA or BPA). At the time of analysis, 39 patients (3.9%) had died of pulmonary
hypertension-related causes (3.5% after PEA and 1.8% after BPA).
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Conclusions The registry revealed noticeable differences in patient characteristics (rates of pulmonary
embolism and sex) and therapeutic approaches in Japan compared with Europe and AAO.

Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) results from pulmonary artery obstruction by
fibrotic organisation of thromboemboli [1]. Secondary microvasculopathy contributes to an increased
pulmonary vascular resistance (PVR) leading to right heart dysfunction and failure. Two-thirds of the
patients with CTEPH have a history of venous thromboembolism [2]. Pulmonary endarterectomy (PEA) is
currently the international guideline-recommended treatment for operable patients with excellent results
regarding symptomatic relief and long-term survival [3–7].

At the beginning of this millennium international data regarding the treatment of CTEPH were still scarce.
At that time, patients were classified as operable or not. Some patients have received off-label pulmonary
arterial hypertension (PAH) therapies. This was a focus of the first European prospective international
registry recruiting CTEPH patients from February 2007 to January 2009 [8].

Since then, two additional treatment options emerged. Riociguat, a soluble guanylate cyclase stimulator,
was approved in 2013 for treatment of inoperable CTEPH patients and residual pulmonary hypertension
(PH) after PEA [9]. At almost the same time, several case series of successful refined balloon pulmonary
angioplasty (BPA) were published by Japanese centres, and BPA intervention has been adopted across the
world [10–12]. These additional therapeutic modalities have challenged decision-making that depends on
the expertise of the centres regarding PEA surgery and BPA procedures and promotes a multidisciplinary
approach [1, 2]. According to recent guidelines [13], medical treatment with or without BPA is
recommended for inoperable patients or for patients with persistent or recurrent PH after PEA.

Given these significant changes in CTEPH management, this new prospective international CTEPH
Registry was designed to focus on current worldwide patient characteristics, diagnosis and treatment
strategies.

Methods
Study design
The worldwide CTEPH Registry is a prospective disease-specific observational registry conducted by the
International CTEPH Association (ICA) collecting data on CTEPH patients from 34 centres in 19
countries. 10 centres performed both PEA and BPA, 11 centres only PEA and six centres only BPA.
Seven centres did not perform either procedure themselves but referred patients for interventions.
Supplementary table S1 shows details of patient inclusion by centres. Consecutive patients with CTEPH
diagnosed within 12 months of study inclusion were recruited into the registry. The first patient was
enrolled on February 16, 2015 and the last (n=1010) on September 21, 2016. Thereafter, follow-up data
were collected for an additional 3 years, and the registry was closed at the end of September 2019. Local
institutional review boards or independent ethics committees approved the protocol, and written informed
consent was obtained from all patients, as required by local ethical committees. The study was conducted
in accordance with the principles of the Declaration of Helsinki and registered in the clinicaltrials.gov
database under the identifier NCT02656238.

Inclusion criteria
At all participating institutions, the diagnosis of CTEPH was established according to clinical guidelines
valid at study initiation [13]. Patients had to be newly diagnosed (incident patients), fulfilling the following
criteria: 1) be willing to provide informed consent, 2) have been treated with anticoagulation for at least
3 months before diagnosis of CTEPH established at the right heart catheterisation with mean pulmonary
artery pressure (mPAP) ⩾25 mmHg at rest, abnormal ventilation–perfusion (VQ) scan, pulmonary
angiogram, computed tomography pulmonary angiography (CTPA) or magnetic resonance pulmonary
angiography (MRPA) confirming chronic thromboembolic obstructions as described previously [13]. PAH
therapy or BPA before diagnostic right heart catheterisation was not allowed. To accurately capture the
target population and to minimise the potential for selection bias, all sites were encouraged to screen all
consecutive CTEPH patients for potential inclusion.

Patient cohorts
This baseline analysis consists of descriptive statistics of the whole population further divided into four
cohorts based on clinical judgement and management decision made by local CTEPH teams: 1) operable
patients (PEA); 2) patients suitable for BPA; 3) patients suitable for either PEA or BPA; and 4) patients
not suitable for PEA or BPA.
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Patients assigned to PEA
PEA surgery has been described previously, with variations between some centres [4, 7, 14, 15].
Predefined criteria for inoperability were assessed by local multidisciplinary CTEPH teams according to
published data [16].

Patients assigned to BPA
BPA was performed as a staged procedure, with a limited number of pulmonary segments treated during
each session. The different techniques and strategies have been reported previously [10, 17].

Statistical analysis
Results are expressed as medians with first and third quartiles (Q1–Q3) or absolute numbers and
percentages of patients. Subgroups (by region or by patient disposition to treatment) were compared using
the Kruskal–Wallis test for continuous variables and the chi-square test for categorical variables. The
reported p-values are to be interpreted in the exploratory sense. Data were analysed with IBM SPSS
software version 22 (IBM, Chicago, IL, USA). Figures were processed with GraphPad Prism version 7.03
for Windows (GraphPad Software, La Jolla, CA, USA; www.graphpad.com).

Results
Study population
The characteristics of the patient population at inclusion are summarised in table 1. Among the 1010
patients, 779 patients (77%) originated from 22 sites in Europe, 115 (11%) from four sites in Japan and
116 (11%) from eight sites in America and other countries (AAO). At the time of censoring (October 13,
2017), all patients had been observed for a minimum period of 12 months. The distribution by sex was
generally equally distributed, except for Japan where there was a greater proportion of female patients
(75%). The median age for the entire population was 63 years, similar for Europe and Japan, but lower for
AAO. A history of acute pulmonary embolism was present in 65.6% of patients overall but was much less
frequent in Japanese patients (supplementary figure S1). A history of deep venous thrombosis (DVT) was
noted in 38.8% of patients with higher numbers in Japan and AAO. The need for hospitalisation due to
right heart failure prior to diagnosis of CTEPH was recorded in 25% of patients but was more frequent in
Japanese patients.

CTEPH diagnosis
Clinical status, medical history and haemodynamics according to region are presented in table 2. Median
time from onset of PH symptoms to diagnosis by right heart catheterisation was 15 (7–32) months. Most
patients were in New York Heart Association (NYHA) functional class III, but Japan had a higher
proportion of patients in functional class I or II compared with Europe and AAO. Haemodynamic data
showed marked differences among Europe, Japan and AAO. For the entire cohort, the median value for

TABLE 1 Baseline characteristics by region (n=1010)

Europe Japan AAO Total p-value (exploratory)

Subjects n 779 115 116 1010
Sex male 400 (51.3) 29 (25.2) 52 (44.8) 481 (47.6) <0.001
Age at diagnosis years 64.0 (52.0–73.0) 65.0 (56.0–75.0) 54.0 (40.3–66.0) 63.0 (51.0–73.0) <0.001
Age category at diagnosis
<50 years 161 (20.7) 20 (17.4) 47 (40.5) 228 (22.6) <0.001
⩾50 years and <70 years 352 (45.2) 46 (40.0) 47 (40.5) 445 (44.1)
⩾70 years 265 (34.1) 49 (42.6) 22 (19.0) 336 (33.3)
Not available 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1)

Ethnicity#

Caucasian/white 749 (96.1) 2 (1.7) 69 (59.5) 820 (81.2) n/a
Black 9 (1.2) 0 (0.0) 21 (18.1) 30 (3.0)
Asian 6 (0.8) 115 (100.0) 21 (18.1) 142 (14.1)
Other 8 (1.0) 0 (0.0) 3 (2.6) 11 (1.1)
Not available 8 (1.0) 0 (0.0) 3 (2.6) 11 (1.1)

Values are expressed as median with first and third quartiles (Q1–Q3) or n (%) unless otherwise indicated. #: totals exceed 100% since it is possible
to record more than one ethnicity. “Caucasian/white” and “Asian” was recorded for one patient in Europe, two patients in Japan and one patient
in America and others (AAO). Exploratory p-values are calculated for regions.
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TABLE 2 Clinical status, medical history and haemodynamics at diagnosis by region (n=1010)

Europe Japan AAO Total p-value (exploratory)

Subjects n 779 115 116 1010
Time from onset of PH symptoms to diagnosis months 14.0 (7.0–28.0) 12.0 (5.3–32.0) 23.5 (12.0–46.8) 15.0 (7.0–32.0) <0.001
NYHA functional class % I/II/III/IV 1.7/22.5/61.3/14.5 0.9/36.5/53.9/8.7 0.0/25.2/66.1/8.7 1.4/24.4/61.0/13.2 0.012
History of acute PE# 544 (69.8) 45 (39.1) 74 (63.8) 663 (65.6) <0.001
History of DVT# 286 (36.7) 50 (43.5) 56 (48.3) 392 (38.8) 0.059
Previous need for hospitalisation due to right heart failure# 158 (20.3) 68 (59.1) 24 (20.7) 250 (24.8) <0.001
Right heart catheterisation at diagnosis
MRAP mmHg 8.0 (5.0–12.0) 5.0 (4.0–8.0) 9.0 (6.0–13.5) 8.0 (5.0–12.0) <0.001
n (missing) 736 (43) 110 (5) 116 (0) 962 (48)

mPAP mmHg 44.0 (35.0–51.0) 40.0 (32.0–48.0) 45.0 (37.0–55.0) 44.0 (35.0–51.0) 0.002
n (missing) 779 (0) 115 (0) 116 (0) 1010 (0)

PCWP mmHg 10.0 (8.0–13.0) 7.0 (5.0–10.0) 12.0 (9.0–14.0) 10.0 (7.0–13.0) <0.001
n (missing) 750 (29) 115 (0) 115 (1) 980 (30)

Cardiac output L·min−1 4.20 (3.40–5.04) 3.64 (2.90–4.56) 4.10 (3.44–5.27) 4.10 (3.40–5.00) <0.001
n (missing) 762 (17) 115 (0) 115 (1) 992 (18)

CI L·min−1·m−2 2.20 (1.81–2.67) 2.30 (1.90–3.04) 2.20 (1.80–2.87) 2.20 (1.82–2.70) 0.230
n (missing) 756 (23) 115 (0) 116 (0) 987 (23)

PVR dyn·s·cm−5 626 (428–893) 730 (517–938) 693 (410–1000) 641 (445–908) 0.046
n (missing) 744 (35) 115 (0) 115 (1) 974 (36)

PVRI dyn·s·cm−5·m2 1216 (840–1658) 1226 (778–1472) 1225 (779–1846) 1198 (834–1654) 0.226
n (missing) 731 (48) 115 (0) 115 (0) 961 (49)

Values are expressed as median with first and third quartiles (Q1–Q3) or n (%) unless otherwise indicated. AAO: America and others; PH: pulmonary hypertension; NYHA: New York Heart
Association; PE: pulmonary embolism (see also supplementary figure 1); DVT: deep vein thrombosis; MRAP: mean right atrial pressure; mPAP: mean pulmonary artery pressure; PCWP: pulmonary
capillary wedge pressure; CI: cardiac index; PVR: pulmonary vascular resistance; PVRI: pulmonary vascular resistance index. Exploratory p-values are calculated for regions. #: unknown cases
included in the exploratory analysis of significance.
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mPAP was 44 (35–51) mmHg, pulmonary capillary wedge pressure (PCWP) was 10 (7–13) mmHg,
cardiac output was 4.1 (3.4–5.0) L·min−1and PVR was 641( 445–908) dyn·s·cm−5 (table 2).

The radiological imaging evaluations are presented in table 3. VQ scans were performed in 740 of all
patients. In Japan and AAO, nearly all patients had a VQ scan; in Europe, the proportion was considerably
lower. The rate of pulmonary angiography was high in all regions, but the modality differed significantly
(p<0.001). In all treatment groups, single (50% to 55%) or dual (40% to 47%) modalities of pulmonary
angiography imaging were present in similar distribution. No pulmonary angiography imaging was found
in up to 3%.

CTEPH therapeutic algorithms
Patient haemodynamic data suitable for PEA or BPA, or neither intervention are presented in table 4.
Figure 1 shows the different treatment algorithms. Of the entire cohort of 1010 patients, 669 were
considered as candidates for PEA and 593 PEA procedures had been performed. The proportion of PEA
candidates was considerably lower in Japan than in Europe or AAO (table 3). Out of 1010 patients, 213
were considered candidates for BPA; within this group, 20 patients were also assessed suitable for PEA.
The proportion of BPA candidates (table 3, supplementary figure S2) was considerably higher in Japan
than in Europe or AAO. 175 patients had undergone at least one BPA. Finally, 148 patients were originally
not considered as candidates for either PEA or BPA.

Reasons for inoperability
Reasons for PEA inoperability are presented in table 5. The distinction between technical inoperability
(68.1%), inoperable patients due to comorbidity conditions (18.5%) and patient’s choice (12.9%) was
made by local CTEPH teams. Inoperable patients were predominantly females; the median age of
inoperable patients was 67 years. The proportion of patients who declined surgery was higher in Asians
(21.2%) than Caucasians (9.1%). In Japan, 77.8% of operable CTEPH patients refused surgery compared
to Europe with 3.7% and AAO with 2.5%.

Medical treatment at diagnosis
In 362 patients (35.8%), at least one PAH therapy was initiated at CTEPH diagnosis, including
phosphodiesterase Type V (PDE5) inhibitors, a soluble guanylate cyclase stimulator, endothelin receptor
antagonists, prostacyclin analogues or other drugs (supplementary table S2). The operable group received
fewer PAH therapies than the BPA group or the non-PEA/BPA group. For the PEA group, a PDE5
inhibitor was the most frequently prescribed class of drug, whereas a soluble guanylate cyclase stimulator
was prescribed preferentially for the BPA group and the non-interventional group. Most patients received a
single-drug therapy.

Balloon pulmonary angioplasty
In the whole population, 175 patients (17.3%) were treated by BPA (supplementary table S3) and underwent
a total of 815 BPA sessions with a mean of 4.7 procedures (median: 4, range: 1 to 14) per patient.

TABLE 3 Patient disposition to intervention and diagnostic imaging by region (see also supplementary figure S2)

Europe Japan AAO Total

Subjects n 779 115 116 1010
Candidates to intervention
PEA operable 562 (72.1) 27 (23.5) 80 (69.0) 669 (66.2)
BPA, not operable 107 (13.7) 79 (68.7) 7 (6.0) 193 (19.1)
Neither 110 (14.1) 9 (7.8) 29 (25.0) 148 (14.7)

VQ scan 512 (65.7) 114 (99.1) 114 (98.3) 740 (73.3)
PA 754 (96.8) 114 (99.1) 112 (96.6) 980 (97.0)
Number of pulmonary angiograms performed n 1156 174 121 1451
Conventional PA 459 (39.7) 112 (64.4) 60 (49.6) 631 (43.5)
CT PA 595 (51.5) 62 (35.6) 61 (50.4) 718 (49.5)
MR PA 102 (8.8) 0 (0.0) 0 (0.0) 102 (7.0)

Values are expressed as n (%) unless otherwise indicated. AAO: America and others; PEA: pulmonary
endarterectomy; BPA: balloon pulmonary angioplasty; VQ: ventilation/perfusion; PA: pulmonary angiogram;
CT: computed tomography; MR: magnetic resonance.
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The proportion of females differed among regions and was considerably higher in Japan compared to
Europe/AAO. Further differences were seen across regions for time from diagnosis to first BPA, time
between BPA sessions, reduction in PVR, proportion of patients treated with PH-targeted drugs at
discharge and proportion of patients on oxygen therapy at discharge.

Mortality
During the 32 months of observation, 39 patients (3.9%) died due to PH-related causes. Overall, 21
patients (3.5%) died after PEA, three patients (1.8%) died after BPA and 15 patients (6.0%) died without
intervention. Supplementary table S4 contains further details.

Discussion
This prospective observational registry represents the largest contemporary population of patients with
CTEPH worldwide, with 1010 incident patients with prospective follow-up capturing all current treatment
modalities [18].

There are three main findings of the study. First, we found distinct regional differences in age of the
patients, their baseline haemodynamic data and management decisions concerning the three main treatment
modalities of PEA, BPA and PAH therapy; CTEPH patients in Japan were more frequently treated with
BPA than PEA, whereas PEA treatment was much higher than BPA in Europe and AAO. Second, sex was
evenly distributed in all regions except for Japan where females were predominant. Third, there was a
significantly lower rate of acute pulmonary embolism in Japan.

The median age at diagnosis in Europe and Japan was ∼10 years higher than in AAO, which may reflect
the regional population profile and is consistent with previous reports [8, 10, 15]. Another explanation

TABLE 4 Sex, history of pulmonary embolism and haemodynamics by patient disposition to intervention, all regions (n=1010)

PEA operable
candidates

BPA candidates not PEA
operable

Neither PEA nor
BPA

p-value
(exploratory)

Subjects n 669 193 148
Age at diagnosis years 61.0 (49.0–71.0) 65.0 (52.0–74.0) 70.0 (57.0–77.0) <0.001
Sex male 358 (53.5) 65 (33.7) 58 (39.2) <0.001
NYHA functional class % I/II/III/IV 1.6/25.0/58.2/15.1 1.0/27.5/63.2/8.3 0.7/17.6/70.9/10.8 0.027
History of acute PE# 466 (69.7) 100 (51.8) 97 (65.5) <0.001
Right heart catheterisation at diagnosis
MRAP mmHg 8.0 (5.0–12.0) 7.0 (4.0–10.0) 8.0 (5.0–11.8) <0.001
n (missing) 640 (29) 182 (11) 140 (8)

mPAP mmHg 45.0 (36.0–51.0) 42.0 (35.5–51.0) 40.0 (34.0–52.0) 0.116
n (missing) 669 (0) 193 (0) 148 (0)

PCWP mmHg 10.0 (8.0–13.0) 8.0 (6.0–11.0) 10.5 (9.0–13.0) <0.001
n (missing) 643 (26) 193 (0) 148 (0)

Cardiac output L·min−1 4.20 (3.40–5.09) 4.00 (3.15–4.90) 4.18 (3.33–5.00) 0.406
n (missing) 656 (13) 192 (1) 144 (4)

CI L·min−1·m−2 2.17 (1.80–2.61) 2.28 (1.86–2.85) 2.30 (1.86–2.70) 0.050
n (missing) 654 (15) 192 (1) 141 (7)

PVR dyn·s·cm−5 642 (449–901) 656 (467–912) 592 (399–962) 0.544
n (missing) 642 (27) 189 (4) 142 (6)

PVRI dyn·s·cm−5·m2 1244 (869–1670) 1137 (811–1600) 1085 (740–1749) 0.172
n (missing) 631 (38) 192 (1) 138 (10)

Numbers operated by PEA or BPA at time of
baseline analysis

593 175

PVR at the end of ICU¶ dyn·s·cm−5 262 (200–351) 298 (228–394) 0.004
n (missing), preliminary data 507 (86) 125 (50)

Reduction in PVR since diagnosis dyn·s·cm−5 372 (190–619) 343 (154–527) 0.185
n (missing), preliminary data 496 (97) 123 (52)

Values are expressed as median with first and third quartiles (Q1–Q3) or n (%) unless otherwise indicated. PEA: pulmonary endarterectomy;
BPA: balloon pulmonary angioplasty; NYHA: New York Heart Association; PE: pulmonary embolism; MRAP: mean right atrial pressure; mPAP: mean
pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure; CI: cardiac index; PVR: pulmonary vascular resistance; PVRI: pulmonary
vascular resistance index; ICU: intensive care unit. #: unknown cases included in the exploratory analysis of significance. ¶: after last BPA for BPA
patients.
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could be a selection bias and only selected patients were referred for CTEPH management by primary or
secondary practitioners.

In >95% of patients, haemodynamic data were complete, showing comparable results for PEA-, BPA- and/
or medically treated CTEPH patients, resembling previous reports [6, 10, 17]. However, haemodynamic
data varied significantly across regions. Despite lower mPAP values, PVR was significantly higher in
Japan due to lower cardiac output and PCWP. Lower cardiac output in Japan was explained by the smaller
body size and female predominance of the Japanese cohort. Thus, for the sake of better comparability in
future international trials it would be suggested to use values that take account of body surface area.
Additionally, despite higher PVR at presentation, we observed more pronounced PVR reduction in Japan
compared with Europe or AAO, which might be explained by the differences in patient selection and the

Recruited

n=1010

Candidate for BPA only

n=193 (19.1%)

Candidate for both PEA and BPA

n=20 (2.0%)

Candidate for PEA only

n=649 (64.3%)

PEA performed

n=593 (58.7%)+

BPA performed

n=175 (17.3%)+

Candidate for neither PEA 

nor BPA

n=148 (14.7%)

PEA performed¶

n=6 (4.1%)#

BPA performed

n=0 (0.0%)#

BPA performed

n=168 (87.0%)#

BPA performed

n=0 (0.0%)#

PEA performed

n=8 (40.0%)#

BPA performed

n=7 (35.0%)#

PEA performed¶

n=1 (0.5%)#

PEA performed

n=578 (89.1%)#

FIGURE 1 Patient disposition. Candidates for surgery (PEA) and/or angioplasty (BPA) or inoperable/non-interventional patients were assessed as
such at time of diagnosis by the multidisciplinary CTEPH team with an experienced PEA surgeon, according to predefined criteria (see Methods).
Operated patients are those who actually underwent surgery. BPA: balloon pulmonary angioplasty; CTEPH: chronic thromboembolic pulmonary
hypertension; PEA: pulmonary endarterectomy. #: Percentage value corresponds to the disposition to intervention of recruited patients. ¶: Patients
initially deemed inoperable but who were subsequently operated on. +: Percentage value corresponds to the total number of recruited patients.

TABLE 5 Baseline characteristics of inoperable patients, by reason for inoperability, all regions

Technically inoperable Comorbidities Patient refusal Total inoperable#

Subjects n 235 63 44 341
Sex male 80 (34.0) 25 (39.7) 16 (36.4) 123 (36.1)
Age at diagnosis years 66.0 (54.0–74.0) 71.0 (59.3–76.8) 71.0 (59.3–76.8) 67.0 (56.0–76.0)
Age category at diagnosis
<50 years 42 (17.9) 7 (11.1) 9 (20.5) 57 (16.8)
⩾50 years and <70 years 99 (42.3) 24 (38.1) 11 (25.0) 135 (39.7)
⩾70 years 93 (39.7) 32 (50.8) 24 (54.5) 148 (43.5)

Ethnicity¶

Caucasian/white 167 (71.1) 47 (74.6) 21 (47.7) 232 (68.0)
Black 5 (2.1) 2 (3.2) 3 (6.8) 11 (3.2)
Asian 63 (26.8) 14 (22.2) 21 (47.7) 99 (29.0)
Other 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.3)

Time from onset of PH symptoms to diagnosis months 13.0 (5.0–25.0) 12.0 (5.5–44.5) 16.0 (10.0–28.0) 13.0 (6.0–28.0)
NYHA functional class % I/II/III/IV 1.3/20.9/68.9/8.9 0.0/15.9/69.8/14.3 0.0/43.2/52.3/4.5 0.9/23.2/66.6/9.4

Values are expressed as median with first and third quartiles (Q1–Q3) or n (%) unless otherwise indicated. PH: pulmonary hypertension;
NYHA: New York Heart Association. #: more than one reason for inoperability is possible. ¶: totals exceed 100% since it is possible to record more than
one ethnicity. “Caucasian/white” and “Asian” was recorded for one patient in Europe, two patients in Japan and one patient in America and others.
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greater BPA experience. We must emphasise that patients in Japan had a much shorter interval between
time from diagnosis to first BPA, which reflects a higher proportion of patients from Europe and AAO
with a higher degree of microvasculopathy. A difference in the approach to BPA procedures between the
regions might also be of importance, but this registry cannot elucidate this topic.

Japan had the highest number of patients per country that were treated by BPA, which might reflect the
longest experience with the BPA procedure compared to any other geographical region [10, 19, 20]. In
Japan, BPA was the predominant treatment option for female patients. This contrasts with the European
experience with almost balanced sex proportions [17, 21]. The reason for the difference remains
speculative. In addition to experience related to centres with PEA operability, there might be a cultural
reluctance regarding major cardiac surgery. We compared the proportions between coronary artery bypass
graft (CABG) operations and percutaneous coronary interventions (PCI) for Japan (CABG:PCI=1:13) [22],
Great Britain (1:11) [23] and Germany (1:10); [24] this revealed a trend for slightly more PCIs in Japan,
but these numbers do not reflect the larger differences observed between BPA and PEA.

This new registry confirms that PEA remains the treatment of choice for CTEPH patients in Europe and
AAO. Expert surgical centres (>50 PEAs per year) demonstrate an important advance in approach to
technical operability specifically extending the distal limits of endarterectomy [14, 25]. The main reasons
for ineligibility for PEA were technical inoperability, comorbidities, patient refusal to undergo surgery and
probable limited access to BPA.

PAH therapy was used in around a quarter of operable patients and in around half of BPA patients or of
patients without any intervention. These data are similar to those for operable and inoperable patients of
the previous European registry [8]. The reason why only half of BPA patients received targeted drug
treatment is unclear, but the availability and reimbursement of the targeted therapy for CTEPH patients
varies among the countries, affecting prescription patterns. Riociguat was effectively available in more than
half of the participating countries at registry start and became available in all but two of the remaining
countries during the enrolment period. It remained the only approved drug for treatment of inoperable
CTEPH patients (at the time of the registry) [9, 26] and was prescribed predominantly for BPA candidates,
while PDE5 inhibitors were mainly used to bridge patients to the PEA surgery. In general, the use of PAH
therapy has not substantially increased compared with a previous publication [8]. The benefit of
preoperative drug treatment is still a matter of debate and is not recommended by the guidelines.

Female sex dominance was also present in a recently published multicentre study of seven BPA centres in
Japan presenting a cohort of 308 patients [10–12, 27]. In a retrospective venous thromboembolism registry
in Japan, women were over-represented with a proportion of 61% [28]. However, in the small prospective
Japanese J-EINSTEIN DVT and pulmonary embolism trial comparing rivaroxaban with enoxaparin/
vitamin K antagonist therapy, only 49 out of 100 patients were female [29]. We have not found an
explanation in sex unbalance in the current registry or previous studies. The predominantly female sex
distribution, and the higher rate of diagnosis of DVT and the lower rate of diagnosis of acute pulmonary
embolism in Japan remains speculative and requires further prospective studies.

In contrast to the original European registry [8], the current registry is global including sites from America
and Asia (34 centres overall) for worldwide assessment of CTEPH patients’ management in the current era
with increased treatment options. Despite the additional treatment modality of BPA, the overall proportion
of patients treated with PEA remained similar. In addition to the similar number of patients receiving
intervention with PEA, 19.3% of patients underwent BPA in the current registry, leading to a smaller
number of patients not suitable for any interventions and left only on PAH therapy. Regarding short-term
mortality, the proportion of deaths after PEA is slightly higher compared to BPA and highest for patients
without intervention.

Regarding diagnostic imaging in CTEPH patients, there was a significantly lower number of VQ scans
performed in Europe than in Japan and AAO. The reason for the low rate of VQ scans in Europe could be
driven by the fact that 520 patients (66.8% of all European patients) were included by four high-volume
centres where the evaluation seeks to address suitability for surgery, with pulmonary angiography for final
decision-making. In all regions, the rate of performing any kind of pulmonary angiography (i.e.
conventional PA, CTPA and magnetic resonance PA) was almost 100%.

Finally, the number of patients declining surgery was considerable (12.9%), especially in Asian ethnicity
(table 5). In this context, it should be highlighted that 43% of these patients were in NYHA functional
class I/II and had a low surgical risk. Retrospective, single centre data analysis from the ASPIRE registry
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demonstrates increased mortality of operable patients who declined surgery compared with operated
patients; the latter group had a far better 5-year survival (83% versus 53%) [30]. This highlights the
importance of thorough and individualised patient information about all treatment modalities so that the
risk of surgery can be weighed against the estimated benefits in quality of life and life expectancy without
missing a potentially curative treatment option [1, 5].

Strength and limitations of the study
This is the first multicentre, worldwide prospective registry, where data from diverse international
populations were collected providing information on the multimodality management of CTEPH patients.
An additional strength of the registry is the investigators’ high compliance to the protocol; therefore, we
demonstrated a low number of missing values indicating a robust database for analysis. The limitations of
the study are inherent to an observational registry design: some assessments were not collected
systematically, leading to underreporting (e.g. post-procedural right heart catheterisation). Right heart
catheterisation was only performed in the intensive care unit or after the BPA procedure, which does not
reflect final haemodynamic improvements. Not all three treatment options were available in all
participating countries. Most of the participating centres were referral centres for PEA and/or BPA, which
may have led to an overestimation in the proportion of eligible patients for PEA or BPA. In addition, there
may have been a geographical bias in that 69.9% of the European patients were included by four
high-volume centres (>50 patients per centre).

In conclusion, this is the first international multicentre, prospective observational registry to provide data
regarding diagnosis, treatment decisions and management of CTEPH patients across the world. PEA
remains the treatment of choice for CTEPH patients. However, the registry data highlight regional
differences regarding patient characteristics (rates of pulmonary embolism and sex) and therapeutic
approaches in Japan compared with Europe and AAO, diagnostic imaging and treatment allocations
between operable and inoperable patients. One-year mortality was highest in patients without interventional
treatment. The ongoing 3-year follow-up will give further insights into the impact of current management
practices on survival, functional status and quality of life of CTEPH patients.
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