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Background: The management of non-operable chronic thromboembolic pulmonary hypertension (CTEPH) has
evolved with the availability of balloon pulmonary angioplasty (BPA) and pulmonary vasodilators. We launched
the BPA program in 2011. The aim was to analyze the survival and treatment efficacy of our CTEPH treatment
program in the modern management era.
Methods and results: We retrospectively reviewed data from 143 consecutive CTEPH patients diagnosed from Jan-
uary 2011 (i.e. after the availability of BPA) to December 2019. Of forty-one patients who underwent pulmonary
endarterectomy (PEA), 25 underwent additional BPA (Combination group) and the others were treated with
only PEA (PEA group). Ninety patients underwent BPA (BPA group). The remaining 12 patients did not undergo
any interventional treatments.
The 1- and 5-year survival rates of operated patients (n = 41) were 97.4% and 90.0%, compared to 96.9% and
86.9% in not-operated patients (n = 102), respectively (p = 0.579). There was no mortality in the Combination
group. Mean pulmonary artery pressure after treatments in the PEA only, Combination, and BPA only groups was
20.5 + 6.7,17.9 £ 4.9, and 20.7 + 4.6 mmHg, respectively (p = 0.067, one-way ANOVA). Percent decrease of
pulmonary vascular resistance in each treatment groups was —73.7 4 11.3%, —74.3 + 11.8%, and — 54.9 4+
22.5%, respectively (p < 0.01, one-way ANOVA).
Conclusion: There was no significant difference in long-term survival between operated and not-operated CTEPH.
Moreover, the Combination approach might have the potential to introduce notable improvements in the prog-
nosis of CTEPH. BPA and PEA appear to be mutually complementary therapies in the modern management era.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is char-
acterized by stenosis and the obstruction of pulmonary arteries with
non-resolving organized thromboemboli, leading to elevated pulmo-
nary vascular resistance (PVR), severe pulmonary hypertension (PH),
right heart failure, and finally, death [1-3]. Historically, the prognosis
of untreated patients with CTEPH is very poor, with a 5-year survival

Abbreviations: BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic
pulmonary hypertension; NYHA-FC, New York Heart Association functional class; PAP,
pulmonary arterial pressure; PAH, pulmonary arterial hypertension; PEA, pulmonary
endarterectomy; PH, pulmonary hypertension; PVR, pulmonary vascular resistance;
RHC, right heart catheterization.

* Corresponding author at: Division of Cardiovascular Medicine, Department of Internal
Medicine, Kobe University Graduate School of Medicine, 7-5-2 Kusunoki-cho, Chuo-ku,
Kobe 6500017, Japan.

E-mail address: yutani@med.kobe-u.ac,jp (Y. Taniguchi).
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rate of less than 50% in those with a mean pulmonary artery pressure
(PAP) greater than 30 mmHg, and 10% in those with a mean PAP greater
than 50 mmHg [4]. Surgical pulmonary endarterectomy (PEA) remains
the gold standard treatment in patients with CTEPH who are judged to
be operable. Several reports show that operated patients have better
long-term survival. Indeed, an international prospective registry from
27 European centers showed that not-operated patients had a signifi-
cantly worse prognosis with a 3-year survival rate of 70%, while that
of patients undergoing surgery was 89% [5,6]. However, 40-70% of
CTEPH patients are judged as non-operable due to distal lesions or the
presence of comorbidities [5,7]. Recently, the management for non-
operable CTEPH has evolved with the availability of balloon pulmonary
angioplasty (BPA) and the use of pulmonary arterial hypertension
(PAH)-targeted medications. The short-term (16 weeks) randomized
double-blind controlled CHEST trial showed that riociguat, a soluble
guanylate cyclase stimulator, significantly improved exercise capacity
(6-min walk distance) and pulmonary hemodynamics in patients with

0167-5273/© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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non-operable CTEPH or with persistent/residual PH after PEA [8,9].
Treprostinil, a prostacyclin analogue, also improved exercise capacity
at 24 weeks in the randomized, double-blind controlled trial in non-
operable CTEPH or persistent/residual PH after PEA [10]. Furthermore,
BPA, an endovascular procedure to widen narrowed or obstructed pul-
monary arteries, has emerged as an additional treatment option for pa-
tients with non-operable CTEPH. The first case series, reported by
Feinstein et al. in 2001, demonstrated a reduction in mean pulmonary
artery pressure (mean PAP) of 9 mmHg, but also reported that its mor-
tality rate was 5.6% [11]. With refinements in the technique, several re-
ports have succeeded in improving the efficacy and safety of BPA. These
studies, mostly published since 2012, reported an overall reduction in
mean PAP of 21 mmHg from baseline and a mortality rate of 1.5% after
an average of four angioplasty sessions for each patient [12]. The efficacy
and safety of BPA for non-operable cases were equivalent to those
achieved using PEA for operable cases [13]. Until recently, reports on
the efficacy and safety of BPA had been published mainly from Japan.
However, with accumulation of evidence, attempts to treat non-
operable CTEPH patients with BPA has spread to several countries
outside Japan, even to countries where BPA was initially viewed with
skepticism [14,15]. BPA should be considered as an established treat-
ment strategy for non-operable patients. The recent 2018 World
Symposium on pulmonary hypertension in Nice proposed and recom-
mended PH targeted medical therapy and BPA for inoperable cases at
the expert centers [16].

We aimed to clarify the long-term outcomes in patients with CTEPH
in the modern management era from experience at Kobe University.

2. Methods

This retrospective study complied with the Declaration of Helsinki.
This study was approved by the ethics committee of Kobe University
(approval number B200125).

2.1. Patients

This observational study was carried out in all consecutive patients
with CTEPH who were diagnosed, treated, and followed up at the
Kobe University Hospital between January 2011 and December 2019;
data were collected from hospital medical records. Hemodynamic char-
acteristics (assessed by right heart catheterization [RHC]), functional
status with the New York Heart Association functional class (NYHA-
FC), and exercise capacity based on the 6-min walk distance were
collected at baseline (i.e. time CTEPH diagnosis) and after the interven-
tional treatment including PEA and BPA if applicable. Vital status was
accessed at the last follow-up visit. For patients without any news for
more than 3 months, mortality status was determined by telephone
contact to patients.

2.2. Diagnosis and treatment of CTEPH

The diagnosis of CTEPH was established according to clinical guide-
lines that were current during the observational period [17]. Diagnosis
was based on medical history, physical examination, ventilation-
perfusion lung scan, multidetector computed tomography pulmonary
angiography, RHC, and selective pulmonary angiography. Newly diag-
nosed patients were defined as those meeting the diagnostic criteria
at the time of their first RHC, and follow-up time was calculated from
this date. Since November 2001, we started surgical pulmonary endar-
terectomy for patients with operable CTEPH. Not-operated patients
were treated with oral anticoagulants alone or with off-label use of
PAH drugs including endothelin-receptor antagonists (ERA; bosentan,
ambrisentan, macitentan), phosphodiesterase type-5 inhibitors (PDE-
5i; sildenafil, tadalafil), and/or soluble guanylatecyclase stimulator
(sGC stimulator; riociguat), according to patient clinical status, treat-
ment availability, and physicians' decision. Beginning in March 2011,
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we launched a BPA program for non-operable CTEPH patients. Patients
diagnosed since 2011 could undergo interventional treatments with
PEA or BPA at an early stage following diagnosis. Operability was con-
sidered according to the accessibility and distribution of chronic throm-
boembolic lesions, hemodynamic severity and the presence of
comorbidities that could increase surgical risk [6,18]. There was no
clear criteria for indication or contraindication of BPA [19]; however, pa-
tients who refused, had too mild hemodynamics, extremely old age
(>90 years old), chronic kidney disease stages 4-5, and patients with
malignancy whose expected prognosis was less than 6 months, were
not offered BPA. Combinations of PEA and BPA were performed on se-
lected operable patients; additional BPA after PEA was considered for
patients with residual PH (mean PAP >25 mmHg), or residual symp-
toms (>NYHA 2), regardless of normalized hemodynamics. Initial uni-
lateral BPA to the lung with distal lesions, as well as secondary PEA to
the lung with proximal lesions were planned for carefully selected pa-
tients with severe hemodynamics to reduce perioperative risk. The as-
sessment of treatment strategies for all patients was made by a
multidisciplinary team of experts including both experienced cardiolo-
gists and thoracic surgeons, as recommended by the guidelines [17].

The BPA procedure was considered in newly diagnosed patients as of
March 2011, but also in patients who had been previously diagnosed
and considered as non-operable. To avoid the bias regarding the impact
of PEA or BPA in incident patients, consecutive patients with CTEPH di-
agnosed since 2011 after the availability of interventional treatments
including both PEA and BPA were enrolled in this study.

2.3. Statistical analysis

The data supporting the findings of this study are available from the
corresponding author upon reasonable request. All statistical analyses
were performed using GraphPad Prism version 5 (GraphPad Software,
LaJolla, CA, USA) and SPSS Statistics 17.0 (IBM, Armonk, NY, USA). Con-
tinuous variables are expressed as mean =+ standard deviation or me-
dian and interquartile range (IQR) according to variable distribution.
Differences in continuous variables, such as age, 6-min walk distance,
and hemodynamic characteristics were compared using the indepen-
dent Student's t-test for normally distributed variables and the Mann-
Whitney U test for non-normally distributed variables. One-way analy-
sis of variance (ANOVA) was used to compare multiple groups. Categor-
ical variables, such as sex, NYHA-FC and use of PAH medications were
expressed as number and percentage and were compared using the
x>-test for independence. Analysis of overall survival was performed
using an intention-to-treat approach. For the survival analysis, the
date of diagnostic RHC was used as the start point to determine length
of survival. The cut-off date was December 31, 2019. The Kaplan-
Meier method was used to estimate overall survival. For all analyses,
the level of statistical significance was set at p < 0.05.

3. Results
3.1. Patient population

Between January 2011 and December 2019, a total of 143 patients
were diagnosed with CTEPH at the Kobe University Hospital. Forty-
seven patients were judged as operable and 41 ultimately underwent
PEA after a median of 2.3 months (IQR: 1.5; 5.7 months) after diagnosis.
Six patients had not undergone PEA because of patient's refusal (n = 3)
or existence of comorbidities (n = 3). Ninety patients underwent BPA
with a mean of 4.0 £ 1.5 sessions per patient after a median of
2.7 months (IQR: 1.2; 4.6 months) after diagnosis. Of these, two patients
had operable form; however, they were treated with BPA due to comor-
bidities or advanced age (BPA only group). Twelve patients had not un-
dergone any interventional treatment including PEA or BPA due to
mainly patients' refusal, and extremely advanced age or severe comor-
bidities (No intervention group). In BPA, amount of contrast used per
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session was 169.1 £ 20.1 mL, while radiation dose per session was
585 4 221 mGy. When compared with not-operated patients, operated
patients were younger (58.9 + 13.8 years vs. 68.4 + 12.7 years;
p < 0.001), more frequently male (39.0% vs. 17.6%; p = 0.009), and
had higher proportion of patients with a history of acute pulmonary em-
bolism (46.3% vs. 26.5%; p = 0.029). Operated patients also had more
severe baseline hemodynamics (mean PAP: 41.8 4+ 8.6 mmHg vs.
36.0 + 9.2 mmHg; p < 0.001; PVR: 874 + 373 dynes.s.cm™> vs.
696 + 364 dynes.s.cm™>; p = 0.009). In operated patients, 26 patients
(63.4%) also received PAH drugs, while 62 patients (60.8%) received
PAH drugs in not-operated patients. Among the operated patients, 16
underwent only PEA (PEA only group); the remaining 25 patients
underwent ‘combination therapy’ by combining PEA and BPA, with 22
patients receiving additional BPA after PEA for residual PH or symptoms,
and three patients receiving initial unilateral BPA to the lung with distal
lesions and secondary PEA to the other lung with proximal lesions
(Combination group).

The baseline clinical and hemodynamic characteristics and medical
treatments at intervention or at last follow-up in each group are sum-
marized in Table 1. Patients in the Combination group had more severe
mean PAP and PVR than those of the BPA only group (p = 0.003,p =
0.005, respectively) or the No intervention group (p = 0.029,
p < 0.001, respectively). A trend was observed where the
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hemodynamics of the No intervention group were milder than in
other groups. Almost all patients in the PEA only or Combination groups
discontinued medical treatments after interventional treatments,
whereas more than half of patients in the BPA only group continued
medications after BPA.

3.2. Effects of interventional treatments

Table 2 shows the treatment effects on symptoms, exercise capacity,
and hemodynamics in each treatment group. Re-evaluation of hemody-
namics with RHC was performed after a median of 17.7 days (IQR: 14.5;
21.3 days) following the date of PEA in the PEA only group, after a me-
dian of 78.1 days (IQR: 24.3; 95.1 days) following the date of the last in-
tervention in the Combination Group, and after a median of 79.4 days
(IQR: 12.4; 99.2 days) following the date of the last BPA. Re-evaluation
data of mean PAP and PVR in the PEA only, Combination, and BPA
only groups were 20.5 + 6.7 mmHg, 17.9 + 4.9 mmHg, 20.7 +
4.6 mmHg (p = 0.067, one-way ANOVA), and 205 + 129 dynes.s.
cm™>, 222 + 76 dynes.s.cm™>, 267 + 126 dynes.s.cm™ (p = 0.082,
one-way ANOVA), respectively. Absolute change of mean PAP and % de-
crease of PVR from baseline in each group are —20.0 £+ 9.3 mmHg,
—24.5 + 8.9 mmHg, —15.7 &+ 9.4 mmHg, (p = 0.145: PEA only group
vs Combination group; p = 0.101: PEA only group vs BPA only group;

Table 1

Baseline characteristics and treatments initiated after diagnosis nd treatments at last follow-up in each treatment group.

Variable Operated Not-operated
n=41 n= 102
PEA only Combination BPA only No intervention p value*
n=16 (PEA + BPA) n=90 n=12
n=25
Baseline characteristics
Age (years) 54.0 + 14.7 62.0 + 124 68.6 + 12.1 67.1 + 17.1 < 0.001
Male (n, %) 7 (43.8) 9 (36.0) 14 (15.6) 4(33.3) 0.022
NYHA FC LI / TILIV (%) 18.8/81.2 28.0/72.0 16.7 /833 66.7 /33.3 0.003
6MWD (m) 357 +£ 170 343 + 88 300 £+ 97 343 + 102 0.122
BNP (pg/mL)** 132 [557] 207 [445] 82[176] 50 [81] 0.023
Baseline hemodynamics
Mean RAP (mmHg) 72 + 49 54+ 27 52 + 36 48 + 44 0.253
Systolic PAP (mmHg) 69.6 + 17.9 75.6 + 16.8 64.0 + 15.2 57.9 + 222 0.006
Diastolic PAP (mmHg) 259 +£ 59 253 £ 73 212 £ 6.0 204 + 10.6 0.007
Mean PAP (mmHg) 409 + 8.2 424 + 9.0 363 £+ 8.7 34.0 £+ 13.2 0.007
PAWP (mmHg) 10.8 + 3.1 83 + 3.70 8.0 £ 35 72 4+ 45 0.029
Cardiac output (L/min) 3.78 £ 1.55 3.09 + 0.70 3.58 + 1.18 440 + 1.11 0.014
Cardiac index (L/min/m?) 2.18 £ 0.70 1.93 + 039 228 + 0.70 2.73 + 0.66 0.006
PVR (dynes.s.cm ) 750 + 403 954 + 336 719 + 369 527 + 278 0.005
SvO, (%) 59.5 + 11.2 619 £ 79 63.6 + 8.1 66.1 + 9.1 0.176
Anticoagulants
Vitamin K antagonist 15(93.7) 21 (84.0) 67 (74.4) 10 (83.3)
Direct oral anticoagulants 1(6.3) 4(16.0) 23 (25.6) 2(16.7)
Medical treatment since diagnosis
PAH-targeted drugs (n, %) 8 (50.0) 18 (72.0) 52 (57.8) 10 (83.3)
sGC stimulator (n, %) 6 (37.5) 14 (56.0) 30 (33.3) 7 (58.3)
ERA (n, %) 4 (25.0) 3(12.0) 19 (21.1) 1(8.3)
PDE5-i (n, %) 0 (0.0) 1(4.0) 8(8.9) 2 (16.7)
Prostacyclin analog (n, %) 1(6.3) 3(12.0) 4(44) 0(0.0)
Home oxygen therapy (n, %) 6 (37.5) 11 (44.0) 47 (52.2) 6 (50.0)
Medical treatment at last follow up
PAH-targeted drugs (n, %) 2 (12.5) 2(8.0) 30 (33.3) 10 (83.3)
sGC stimulator (n, %) 2 (12.5) 2(8.0) 26 (28.9) 7 (58.3)
ERA (n, %) 0(0.0) 0(0.0) 3(33) 1(8.3)
PDE5-i (n, %) 0(0.0) 0(0.0) 1(1.1) 2 (16.7)
Prostacyclin analog (n, %) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Home oxygen therapy (n, %) 2 (12.5) 4(16.0) 28 (31.1) 6 (50.0)

List of abbreviations: NYHA FC: New York Heart Association functional class; 6MWD: 6-min walk distance; BNP: brain natriuretic peptide; RAP: right atrial pressure; PAP: pulmonary ar-
tery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance; SvO,: mixed venous oxygen saturation; PAH: pulmonary arterial hypertension; sGC: soluble
guanylate cyclase; ERA: endothelin-receptor antagonists; PDE5-i: phosphodiesterase type-5 inhibitors.

Data are given as mean =+ standard deviation or median [interquartile range].
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one-way ANOVA, comparison between PEA only, Combination, BPA only, and No intervention.
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Table 2
Clinical and Hemodynamic Data at Baseline and Re-evaluation of each treatment group.
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Operated Not-operated
PEA only Combination (PEA + BPA) BPA only
Re-evaluation data available Re-evaluation data available (n = 24) Re-evaluation data available
(n =15) (n = 81)
Baseline pvalue Re-evaluation* Baseline pvalue After 1st pvalue Re-evaluation* Baseline pvalue Re-evaluation* P
intervention value*
Characteristics
NYHA FC (LI / 18.8/ 0.001 81.2/188 28.0/ 0010 68.0/32.0 0.023 96.0/4.0 16.7/ <0.001 854/14.6 0.315
MLIV) (%) 81.2 72.0 833
6MWD (m) 324 0.018 452 + 157 343 0709 347 £ 138 0.002 418 4+ 105 311 <0.001 380 4 110 0.174
+ 194 + 88 + 95
BNP (pg/mL)** 133 0.116 96 [260] 207 0.006 114 [135] 0.003  53[84] 70.8 24.5[38.5] < 0.001
[569] [445] [175.2]
Sa02 (%) 91.0 0.007  95.6 +£ 49 91.0 0.261 922 +£43 0030 943 +28 90.5 <0.001 93.7 4+ 29 0.003
+ 5.8 + 40 + 4.7
Hemodynamics
Systolic PAP 70.0 <0.001 329 4+ 11.0 75.6 <0.001 48.7 + 158 <0.001 304 + 84 64.1 <0.001 356 + 7.7 0.025
(mmHg) + 189 + 16.8 + 153
Diastolic PAP 249 <0.001 133 £+ 49 253 <0.001 16.8 + 8.0 0.002 11.0 + 44 213 <0.001 11.7 + 38 0.236
(mmHg) + 52 + 73 + 6.0
Mean PAP (mmHg) 40.7 <0.001 205 + 6.7 424 <0.001 274483 <0001 179 + 49 36.4 <0.001 207 + 4.6 0.067
+ 87 +9.0 + 8.8
Mean RAP (mmHg) 7.1 0956 7.2 +£39 54 0523 59 +£43 0.046 3.6 + 34 5.1 0.005 3.8 +£29 0.002
+ 5.2 + 27 + 3.0
PAWP (mmHg) 10.5 0.785 10.1 + 3.5 8.3 0622 88 + 37 0439 7.8 + 34 8.2 0588 8.0 £ 3.2 0.087
+ 34 + 37 + 33
Cardiac Output 3.52 0.001 5.02 £+ 2.15 3.09 <0.001 3.70 & 079 0.264 3.84 + 0.84 3.64 <0.001 4.07 £+ 1.03 0.007
(L/min) + 1.60 + 0.70 + 1.14
Cardiac Index 2.11 0.006  3.06 + 0.93 1.93 <0.001 236 4+ 045 0.782  2.38 + 041 2.30 <0.001 2.59 + 0.58 0.003
(L/min/m?) + 0.72 + 0.39 + 0.68
PVR (dynes.s. 833 <0.001 205 &+ 129 954 <0.001 415 4+ 161 <0.001 222 + 76 694 <0.001 267 4+ 126 0.082
cm™>) + 392 + 336 + 347
Sv02 (%) 58.9 0.039 664 + 72 61.9 0079 597 £76 <0.001 663 + 43 63.8 <0.001 6824 49 0.268
+ 104 +79 + 8.0
Absolute change of —20.0 £ 93 —15.0 —245 + 89 —15.7 +£ 94 <0.001
mean PAP from + 9.8
baseline (mmHg)
% decrease of mean —479 + 171 —34.0 —56.5 +£ 11.9 —404 + 171 <0.001
PAP from + 194
baseline (%)
% decrease of PVR —737 £ 113 —54.5 —743 £ 118 —54.9 + 225 <0.001
from baseline (%) + 16.7

List of abbreviations: NYHA FC: New York Heart Association functional class; 6MWD: 6-min walk distance; BNP: brain natriuretic peptide; Sa02: arterial oxygen saturation; RAP: right atrial
pressure; PAP: pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance; SvO,: mixed venous oxygen saturation;
* One-way ANOVA, comparison between re-evaluation data in PEA only, Combination, and BPA only.

** Median [interquartile range].

p < 0.001: Combination group vs BPA only group) and — 73.7 & 11.3%,
—74.3 £+ 11.8%, —54.9 + 22.5%, (p = 0.899: PEA only group vs Combi-
nation group; p = 0.003: PEA only group vs BPA only group; p < 0.001:
Combination group vs BPA only group) respectively.

3.3. Survival

During a median follow-up period of 40.4 months (IQR: 17.0;
65.7 months), 14 of 143 patients (9.8%) passed away. The 1-, 3-, 5-
year overall survival rates were 97.1%, 92.6%, 87.8%, respectively
(Fig. 1). Fig. 2 shows the Kaplan-Meier estimates of survival in operated
patients (n = 41; PEA only group: n = 16, Combination group: n = 25)
and in not-operated patients (n = 102; BPA only group: n = 90, No in-
tervention group: n = 12). The 1-, 3-, 5-year survival rates of operated
patients were 97.4%, 90.0%, 90.0%, compared to 96.9%, 91.8%, 86.9% in
not-operated patients (p = 0.579 by the Cox-Mantel log-rank test).
Fig. 3 shows the Kaplan-Meier estimates of survival in each treatment
group. The 1-, 3-, 5-year survival rates in the PEA only group were
92.9%, 85.1%, 74.5%, those in the BPA only group were 97.6%, 93.0%,
90.1%. There was no mortality in the Combination group. The cause of
death in each treatment group are summarized in Table 3. Three
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patients died of right heart failure, whereas nine patients died of malig-
nant disease after 26.4 4 18.7 months after interventional treatments or
diagnosis. In seven of these patients, malignancy had not been
suspected at the time of CTEPH diagnosis.

4. Discussion

The present study describes one of the monocentric cohorts of
CTEPH patients with long-term follow-up in the modern management
era where more than 90% of CTEPH patients have undergone interven-
tional treatments with PEA or BPA, or both. Almost normal hemody-
namics could be achieved after these interventional treatments, and
these hemodynamic improvements translate into excellent survival in
not only operable CTEPH but also non-operable CTEPH. Additionally,
combination therapy with PEA and BPA could improve hemodynamics
dramatically, even though baseline hemodynamics were severe. BPA
and PEA appear to be mutually complementary therapies for CTEPH
patients.

The recent 2018 World Symposium on pulmonary hypertension in
Nice proposed and recommended that treatment strategy should be
assessed by an expert CTEPH team, and PEA for operable patients,
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Fig. 1. Kaplan-Meier estimates of the 8-year survival in all patients with CTEPH diagnosed since 2011 (n = 143).

whereas PH targeted medical therapy with or without BPA for inopera-
ble cases. The international prospective registry by Delcroix et al. from
27 European centers showed that of 679 CTEPH patients, 404 patients
(59%) underwent PEA and 275 patients (41%) were not operated. Not-
operated patients had not undergone BPA because BPA had not been
established as an alternative treatment in European countries at that
time [6]. Amsallem et al. reported that although the absolute number
of PEA had not changed since initiation of the BPA program, the percent-
age of operated patients had decreased from 82% to 51% in the French
National Reference Center [20]. Siennicka et al. also reported that the
percentage of patients who underwent PEA had decreased from 59%
to 19% since initiating the BPA program in Poland [21]. This suggested
that the total number of CTEPH patients referred to PH expert centers
had increased for interventional treatment since initiation of BPA. In
our study, of 143 patients diagnosed with CTEPH since BPA era, 131 pa-
tients (91.6%) underwent interventional treatment with PEA (n = 41,
28.7%) and BPA (n = 90, 62.9%), and 25 out of 41 operated patients

(61.0%) underwent combination therapy with PEA and BPA. The efficacy
of these interventional therapies was satisfactory witha — 73.7 + 11.3%
decrease of PVR in the PEA only group, —74.3 4+ 11.8% decrease of PVR
in the Combination group, and —54.9 4 22.5% decrease of PVR in the
BPA only group. Almost normal hemodynamics had been achieved
after these interventional treatments. A direct and simple comparison
of clinical outcome between PEA and BPA is not appropriate. Baseline
hemodynamics, pathological status, or characteristics of operable and
non-operable might be different. Our results showed that operated pa-
tients were younger, more frequently male, and more history of acute
pulmonary embolism in the Japanese patient cohort. Indeed these char-
acteristics were consistent with those of the international CTEPH regis-
try by Pepke-Zaba et al. [5].

The aforementioned international prospective CTEPH registry
showed that not-operated CTEPH patients (n = 275) had a significantly
worse prognosis with a 3-year survival rate of 70%, while that of patients
undergoing surgery was 89% before BPA era [6]. In a Polish cohort study,

b 100
1 1
80
g
S 60
=}
@ —— Operated
-
c
S 40
o —— Not-operated
a
204 (Cox-Mantel log-rank test)
Operated vs. Not-operated: p=0.579
0 T T T 1
0 2 4 6 8
Patients at risk at the end of the time period years
Operated 41 28 18 8 2
Not-operated 102 66 45 22 7

Fig. 2. Kaplan-Meier estimates of the 8-year survival in 41 operated patients (blue line) and 102 not-operated patients (red line); p = 0.579 (Cox-Mantel log-rank test).



Y. Taniguchi, Y. Matsuoka, H. Onishi et al.

International Journal of Cardiology 326 (2021) 170-177

c e —
80
<
S 60
c
a PEA
c
S 40 ——  Combination (PEA+BPA)
]
a — BPA
20 (Cox-Mantel log-rank test)
PEA vs. Combination: p=0.024
BPA vs. Combination: p=0.133
BPA vs. PEA: p=0.218
0 T T T 1
0 2 4 6 8
Patients at risk at the end of the time period years
PEA 16 11 7 5 2
Combination 25 17 11 3
BPA 90 56 38 17 4

Fig. 3. Kaplan-Meier estimates of the 8-year survival in the PEA only group (n = 16: dark blue line), Combination group (n = 25: blue line), and BPA only group (n = 90: red line); p =
0.024 (PEA vs. Combination), p = 0.133 (BPA vs. Combination), p = 0.218 (BPA vs. PEA) (Cox-Mantel log-rank test).

Siennicka et al. reported that non-operable patients treated with BPA
and PAH drugs exhibited better survival rates than those treated with
PAH drugs alone (92% versus 79% at 2 years) [21]. Taniguchi et al. re-
ported that the 1- and 3-year survival rates of not-operated patients
(n = 170) were 91.6% and 85.0% in the recent management era after
the availability of BPA from the French reports. In that study cohort, 80
of 170 not-operated patients (47.1%) underwent BPA, and BPA was inde-
pendently associated to improve survival [22]. In the present study co-
hort, 90 of 102 not-operated patients (88.2%) had been treated with
BPA, and concurrent use of PAH drugs in more than half the cases. Almost
normal hemodynamics were achieved by BPA, resulting in excellent sur-
vival rates of not-operated patients with the 1-, 3-, and 5-year survival
rate being 96.9%, 91.8%, and 86.9%. There was no longer significant differ-
ence in survival between operated and not-operated CTEPH patients.
Furthermore, “combination therapy” combining PEA and BPA is a
possible treatment strategy. In our study, 22 out of 41 operated patients
underwent additional BPA for residual pulmonary hypertension or

Table 3
Cause of death for all non-survivors.

symptoms, and 3 patients had antecedent BPA to decrease surgical risk
before PEA. Our study demonstrated that combination approach with
PEA and BPA could achieve dramatical improvements of hemodynamics
and symptoms with no deaths, although baseline hemodynamics were
severe. In a study of 15 patients, Araszkiewicz et al. reported that addi-
tional BPA could further improve the hemodynamics and exercise capac-
ity of patients with residual or recurrent PH after PEA [23]. Yanaka et al.
reported that although the hemodynamics were almost normalized after
PEA, additional BPA for symptomatic patients (>NYHA 2) achieved fur-
ther improvement of exercise capacity and symptoms compared to pa-
tients treated only by PEA in a study of 20 patients [24]. Although PEA
should be considered as the first choice for operable patients, combina-
tion therapy consisting of initial unilateral BPA to the lung with distal le-
sions and secondary PEA to the other lung with proximal lesions for
severe hemodynamic patients might be appealing; antecedent BPA
could improve a very high PVR, a risk factor of perioperative mortality
[25]. Secondary BPA after PEA could further improve hemodynamics,

Treatments Gender Time from intervention to death Cause of death Any signs of malignancy at the time of CTEPH diagnosis
Post PEA Female 5 months Right heart failure -
Female 15 months Uterus cancer No
Male 35 months Lung cancer No
Post BPA Female 0.5 months Right heart failure -
Female 25 months Pneumonia -
Male 50 months Leukemia No
Female 16 months Bile duct cancer No
Female 61 months Brest cancer No
Male 13 months Lung cancer No
Female 27 months Leukemia No
Female 6 months Pancreas cancer Yes
No interventions Female 56 months Advanced age -
from diagnosis
Male 0.4 months Right heart failure -
from diagnosis
Male 15 months Lung cancer Yes

from diagnosis

List of abbreviations: CTEPH: chronic thromboembolic pulmonary hypertension; PEA: pulmonary endarterectomy; BPA: balloon pulmonary angioplasty.
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exercise capacity, and symptoms, while antecedent BPA before PEA
could reduce perioperative risk. PEA and BPA would be mutually com-
plementary therapies for CTEPH patients. Several reports already sup-
port the excellent results of specific patient cohorts who underwent
PEA and BPA [12,13,15,25]; however, the present study indicated that al-
most all patients with CTEPH could be mechanically treated with either
PEA or BPA in a CTEPH expert center, which would lead to a notable im-
provement in their prognosis in the modern management era. Therefore,
CTEPH patients should be evaluated and treated in a CTEPH expert
center.

Another finding of our study is that the most frequent cause of death
in CTEPH patients was not right heart failure, but the development of
malignant cancer during follow up. The risk of thrombosis in patients
with malignant tumors is 6 times higher than in healthy person [26].
Cancer is arisk factor for the development of thrombosis [27]. However,
most of the patients who passed away had no signs of malignant tumor
at the time of CTEPH diagnosis in this study. CTEPH patients rarely die
from right heart failure in the recent management era, however careful
screening and follow-up might be required for early diagnosis of cancer.
More work is still needed to better understand the relation between
CTEPH and malignant cancer.

4.1. Limitations

There are several limitations of this study, the main one being the
monocentric and retrospective observational nature of the study. There-
fore, the occurrence of some missing values regarding characteristics, he-
modynamics, or the re-evaluation of data was unavoidable; this lack of
data might have influenced the treatment outcomes. Furthermore, al-
though it is common across CTEPH treatment in Japan, the proportion
of patients judged as operable was relatively lower and that of non-
operable was higher, the eligibility for PEA or BPA might have biased
the impact of these treatments on survival. Moreover, the periods be-
tween the intervention and the re-evaluation of hemodynamics were dif-
ferent between the PEA and other groups, which may have obscured the
efficacy of PEA. Therefore, direct comparison of the clinical outcomes be-
tween treatments may not be appropriate. Additionally, the Combination
group included patients who had undergone additional BPA after PEA, as
well as patients who had undergone planned antecedent BPA before PEA;
this heterogeneity required careful interpretation of the clinical outcomes
of the Combination group. Another limitation was that we did not con-
sider the impact of associated medical conditions (such as prior splenec-
tomy or infected pacemaker) which may have been linked to the
development of CTEPH. This is because of inconsistent information for
these conditions in our hospital records until the most recent few years.

4.2, Conclusion

The present study describes one of the monocentric cohorts of
CTEPH patients with long-term follow-up in the modern management
era where most of CTEPH patients have undergone interventional treat-
ments with PEA or BPA, or both. These interventional treatments and
the concurrently increasing use of sGC stimulators improved hemody-
namic dramatically, which translate into excellent survival not only in
operable CTEPH but also in non-operable CTEPH. Additionally, combina-
tion therapy with PEA and BPA could improve hemodynamics dramati-
cally even though baseline hemodynamics were severe, and it might
contribute to improve outcomes. Both BPA and PEA appear to be mutu-
ally complementary therapies for CTEPH patients.
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