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Background: In the current era of treatment of pulmonary hypertension (PH) in Japan, combination therapy has
been frequently used thanks to the medical insurance system. Additionally, pulmonary balloon angioplasty
(BPA) is widely performed for chronic thromboembolic PH (CTEPH).
Methods: To elucidate the long-term prognosis and the prognostic factors among all five subtypes of PH in this
new era, we examined the current status of management of PH from November 2012 to April 2016 in the mul-
ticenter registry by the Japanese Pulmonary Circulation Society.
Results: Among 1253 consecutive patients registered from 20 PH centers in Japan, we analyzed 997 patients with
mean pulmonary arterial pressure ≥ 25 mmHg by right heart catheterization. Transplant-free survival at 5 years
in pulmonary arterial hypertension (PAH), PH due to left-heart disease, PH due to lung diseases, CTEPH, andmis-
cellaneous PHwere 74.0, 69.3, 63.7, 92.0, and 55.3%, respectively. Of note, 32% of PAH patients were treatedwith
double combination therapy and 42% of those with triple combination therapy, and 66% of CTEPH patients with
BPA. Although PAH patients with triple combination therapy had worse hemodynamic parameters than those
with othermedications, triple combination therapy showed the best prognosis. BPA in CTEPH improved survival
even when adjusted for the key background factors.
Conclusions: In the current era of PH treatment in Japan, the five-year transplant-free survival rate in this study
was 74% for PAH and 92% for CTEPH, in which active combination medical therapy for PAH and higher perfor-
mance rate of BPA for CTEPH may be involved.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Pulmonary hypertension (PH) is a disease characterized by elevated
pulmonary arterial pressure and finally leads to right heart failure and
premature death [1]. PH is classified into five subgroups, including
group 1, pulmonary arterial hypertension (PAH), group 2, PH associated
with left-heart disease (PH-LHD), group 3, PH associated with lung dis-
ease (PH-lung), group 4, chronic thromboembolic pulmonary hyperten-
sion (CTEPH), and group 5, miscellaneous PH (PH-misc) [2].
lar Medicine, Tohoku University
Sendai 980-8574, Japan.
imokawa).
eliability and freedom from bias
In the past two decades, the disease-targeted medical therapy, orig-
inally for PAH, for major three pathways have been developed, includ-
ing prostacyclin, endothelin-1, and nitric oxide [3]. Despite the
progress in the treatment, the prognostic information on all the five
subgroups of PH in the same population still lacks due to the rarity of
the disease [4–6]. Furthermore, the details of patients' characteristics
and status of PAH-targeted drugs in all five groups remain to be exam-
ined in the modern era. In Japan, the triple combination therapy has
been frequently used for PAH thanks to the national medical insurance
system that allows the insured to secure medical expenses that are too
expensive to prepare on their own. Additionally, pulmonary balloon an-
gioplasty (BPA) is nation-widely performed for CTEPH.

In the present study,we thus conducted amulticenter, observational
registry study by the Japanese Pulmonary Circulation Society to
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elucidate the long-term prognosis and prognostic factors among all five
subtypes of PH in the current era in Japan.

2. Methods

2.1. Study population

The present study is a multicenter, observational registry by the
Japanese Pulmonary Circulation Society (UMIN000022449) to establish
the optimal therapy for PH by investigating the current situation of
treatment and prognosis for PH prospectively in Japan. FromNovember
2012 to April 2016, we enrolled a total of 1253 consecutive patients
with PH from 20 of the 61 institutions that had the board members
and/or councilors of the Society.

PH was defined as mean pulmonary arterial pressure (mPAP)
≥25 mm Hg at rest by right heart catheterization (RHC) [7]. The Nice
clinical classification of PH [7] was used based on the established ap-
proaches, including physical examination, blood tests, echocardiogra-
phy, pulmonary function test, chest X-ray, computed tomography,
ventilation-perfusion scanning, and RHC [8], and was assigned by the
physician specializing in PH at each hospital. Prevalent cases were pa-
tients diagnosed as PH before registration, and incident cases were
those diagnosed initially at registration. PH-specific drugs available dur-
ing the study period in Japan included oral and intravenous prostacyclin
analogues since 1999, endothelin receptor antagonists (ERA) since
2005, phosphodiesterase type-5 (PDE-5) inhibitors since 2008, and a
soluble guanylate cyclase (sGC) stimulator since 2014. These drugs
were chosen by a physician in charge as amonotherapy or combination
therapy and listed for the present analysis when themaximum number
of drugs was used during the follow-up. Therapeutic other medicines
were also entered into the database at a maximum dose used. Baseline
demographic data were collected from the medical records of each pa-
tient. Follow-up was completed in November 2016. The primary out-
come was the composite end-point of all-cause death and heart or
lung transplantation [9].

The study protocol conforms to the ethical guidelines of the Declara-
tion of Helsinki as reflected in a priori approval by the institution's
human research committee. The studywas conducted under the Ethical
Guidelines for Clinical Studies from the Japanese Ministry of Health, La-
bour and Welfare, and all applicable laws and regulations in Japan. The
protocolwas reviewed and approved by the Institutional ReviewBoards
or Ethics Committees at all participating sites. All patients provided a
written informed consent.

2.2. Statistical analysis

Continuous variables are expressed as themean±SDormedian (in-
terquartile range), and categorical variables as the number (%). Means,
medians, and percentages were compared using a paired t-test,
Wilcoxon signed-rank test, and χ2 or Fisher exact test, as appropriate.
Event-free survival time was calculated from the date of diagnostic
catheterization to the date of any cause of death, heart or lung trans-
plantation, or last follow-up. A Kaplan-Meier curvewas used to estimate
the overall event-free survival, and differences between survival curves
were assessed using the log-rank test and Cox proportional hazard
models. Univariable and multivariable Cox proportional hazard models
were used to estimate the hazard ratios (HR) and 95% confidence inter-
vals (CI). P values of b0.05 were regarded to be statistically significant
for all analyses. All analyses were performed with JMP Pro 12.2.0
(Japanese version, SAS Institute Inc., Tokyo, Japan). The Japanese Pulmo-
nary Circulation Study Group Investigators (supplementary material)
designed the trial. All authors agreed to submit the manuscript for pub-
lication and vouch for adherence to the study protocol and the accuracy
and completeness of the data. Missing values were not imputed in the
analyses.
3. Results

Among 1253 consecutive patients with PH, we analyzed 997 pa-
tients with mean mPAP ≥25 mmHg at rest by RHC, where 436 incident
cases were included (Supplementary Fig. 1). Two hundred and fifty-six
patients were excluded, including 37 with mPAPb25 mmHg diagnosed
as PH by other diagnostic methods, 19 whose mPAP were not obtained
by RHC, and 200 without treatment information.

3.1. Clinical characteristics of PH patients

The number of patients with the clinical classification of PH was as
follows; PAH and pulmonary veno-occlusive disease (PVOD) in 316,
PH-LHD in 425, PH-lung in 37, CTEPH in 183, and PH-misc in 36 (Sup-
plementary Fig. 1). Clinical characteristics, the hemodynamic profile,
and the maximal therapy during the follow-up of the 997 patients are
shown in Table 1. The parenteral prostanoids used during the registry
period were as follows; intravenous epoprostenol for 89 PH patients in-
cluding PAH, PH-lung, CTEPH, and PH-misc, inhaled iloprost for one id-
iopathic PAH (IPAH), and subcutaneous treprostinil for 1 IPAH.

3.2. Long-term prognosis of PH patients

The event-free survival at 1, 3, 5, and 10 years in all PH patients was
91.9%, 82.2%, 74.0%, and 58.7%, respectively. Survival in Groups 3 and 5
were inferior to Group 1 (Group 1 vs. 3, P = .04; and Group 1 vs. 5,
P = .02) and that in Group 4 was superior to all other subgroups
(P b .0001, respectively) (Fig. 1A). In the main 3 groups of PAH, PH-
LHD, and CTEPH with many patients in this registry, the prognosis for
the prevalent cases and the incident cases was comparable (Supple-
mentary Fig. S2A, B, and C).

3.3. Analysis by clinical classification

3.3.1. Group 1: PAH
Baseline characteristics of patientswith PAH and PVODare shown in

Supplementary Table S1. Event-free survival at 1, 3, 5, and 10 years in
PAH patients was 92.9%, 82.9%, 74.0%, and 59.5%, respectively
(Fig. 1A). Patients with systemic sclerosis (SSc) had poorer survival
than those with non-SSc connective tissue disease (CTD) (P = .02),
and those with PVOD had the worst prognosis compared with those
with other subtypes (Fig. 1B). CTD accounted for the largest proportion
among PAH, and the survival of PAH patients with CTDwas comparable
with those of IPAH patients (P= .54) (Supplementary Fig. S3A). In PAH
patients with CTD, systemic lupus erythematosus (SLE) had better sur-
vival than SSc (P = .001) (Supplementary Fig. S3B).

Importantly, among 311 patients with PAH, most of them (N=287,
92%) received PH-specific medications, including double combination
therapy in 101 (32%), and triple combination therapy in 131 (42%)
(Table 1). The most common double combination therapy was that of
ERA and PDE-5 inhibitor or sGC stimulator (16%), followed by ERA
and oral prostacyclin analogue (6%) (Fig. 2A). The most frequent triple
combination therapywas that of ERA, PDE-5 inhibitor or sGC stimulator,
and beraprost (28%) (Fig. 2A). Although patientswithmonotherapy and
double combination therapy showed a similar prognosis (P = .83),
thosewith triple combination therapy showed significantly better prog-
nosis than those with other treatments (vs. monotherapy, P= .049; vs.
double combination therapy, P= .042) (Fig. 2B). Notably, patients with
triple combination therapy had higher baseline mPAP and pulmonary
vascular resistance (PVR) than those with other treatments (Supple-
mentary Table S2).

Multivariable analysis showed that significant prognostic factors at
baseline were male sex, age ≥ 75, BMI b 18.5, WHO FC III/IV, and lower
mixed venous oxygen saturation (SvO2) (Supplementary Table S3). Al-
though eGFRwas also a significant prognostic factor in unadjusted anal-
ysis, the significance disappeared when SvO2 was incorporated as a



Table 1
Patient characteristics at baseline and maximal therapy during the follow-up in the five subgroups of PH.

Overall Group 1
(PAH)

Group 2
(PH-LHD)

Group 3
(PH-lung)

Group 4
(CTEPH)

Group 5
(PH-misc)

N 997 311 (31) 425 (43) 37 (4) 183 (18) 36 (4)
Follow-up duration, years 3.8 (2.3–6.4) 4.2 (2.5–7.1) 3.7 (2.2–5.5) 2.7 (0.9–4.5) 4.3 (2.7–6.9) 2.8 (0.9–5.6)
Event 278 (28) 91 (29) 139 (33) 13 (35) 16 (9) 15 (42)
Male 424 (43) 73 (23) 269 (63) 22 (59) 42 (23) 16 (44)
Age, years 58 ± 17 49 ± 18 63 ± 14 62 ± 11 62 ± 14 55 ± 15
BMI, kg/m2 22.6 ± 4.6 21.0 ± 3.9 23.6 ± 4.9 22.6 ± 5.3 23.3 ± 4.3 21.8 ± 4.1
WHO FC Ia 78 (9) 27 (9) 45 (12) 1 (4) 4 (2) 1 (3)

II 365 (41) 117 (39) 162 (45) 6 (23) 71 (40) 8 (26)
III 361 (40) 131 (44) 114 (32) 17 (65) 81 (46) 17 (55)
IV 96 (11) 26 (9) 40 (11) 2 (8) 20 (11) 5 (16)

6MWD, m 344 ± 123 347 ± 132 340 ± 114 339 ± 97 345 ± 114 291 ± 114
BNP, pg/ml 224 (71–604) 105 (36–310) 444 (195–954) 146 (16–466) 123 (32–304) 478 (129–656)
eGFR, ml/min/1.73 m2 58 ± 29 76 ± 31 45 ± 22 70 ± 30 60 ± 17 63 ± 53
LVEF, % 61 ± 18 69 ± 11 51 ± 20 65 ± 10 69 ± 9 63 ± 19
FVC, % predicted 85 ± 21 83 ± 21 83 ± 19 65 ± 28 96 ± 18 71 ± 23
FEV1, % predicted 91 ± 22 85 ± 21 101 ± 18 83 ± 33 88 ± 18 86 ± 30
DLCO, % predicted 71 ± 33 58 ± 24 82 ± 27 33 ± 10 87 ± 34 78 ± 58
mPAP, mm Hg 39 ± 13 45 ± 17 33 ± 7 37 ± 13 43 ± 11 40 ± 12
PAWP, mm Hg 15 ± 8 9 ± 5 22 ± 6 12 ± 6 9 ± 4 16 ± 8
RAP, mm Hg 8 ± 5 6 ± 4 10 ± 5 7 ± 7 6 ± 5 10 ± 5
CI, L/min/m2 2.8 ± 0.9 3.0 ± 1.1 2.6 ± 0.8 3.1 ± 0.9 2.6 ± 0.7 3.0 ± 1.1
PVR, wood units 4.6 (2.4–8.7) 7.9 (4.8–12.6) 2.3 (1.6–3.4) 5.3 (3.7–6.8) 8.3 (5.8–11.1) 5.1 (2.1–7.5)
SvO2,% 66 ± 9 68 ± 9 65 ± 9 70 ± 8 64 ± 9 65 ± 11
PAC, mL/mm Hg 2.0 ± 1.2 1.7 ± 1.0 2.5 ± 1.3 2.0 ± 0.8 1.3 ± 0.6 1.9 ± 1.1
PH-specific medication 524 (53) 287 (92) 23 (5) 27 (73) 164 (90) 18 (50)

Prostacyclin analogue
Parenteral prostacyclin analogue 91 (9) 65 (21) 0 (0) 1 (3) 18 (10) 3 (8)
Beraprost 255 (26) 138 (44) 13 (3) 13 (35) 86 (47) 6 (17)

Endothelin receptor antagonist 337 (34) 227 (73) 4 (1) 15 (41) 77 (42) 10 (28)
PDE-5 inhibitor 345 (35) 214 (69) 9 (2) 23 (62) 84 (46) 12 (33)

sGC stimulator 57 (6) 6 (2) 0 (0) 2 (5) 49 (27) 0 (0)
Monotherapy 151 (15) 55 (18) 20 (5) 7 (19) 59 (32) 9 (25)
Double combination therapy 185 (19) 101 (32) 3 (1) 13 (35) 60 (33) 7 (20)
Triple combination therapy 188 (19) 131 (42) 0 (0) 7 (19) 45 (25) 2 (6)

Calcium channel blocker 265 (27) 63 (20) 139 (33) 8 (22) 51 (28) 3 (8)
Loop diuretics 599 (60) 142 (46) 328 (77) 18 (49) 89 (49) 18 (50)
Mineralocorticoid receptor antagonist 414 (42) 97 (31) 237 (56) 10 (27) 54 (30) 12 (33)
Tolvaptan 63 (6) 14 (5) 43 (10) 0 (0) 4 (2) 1 (3)
Anticoagulants 548 (55) 116 (37) 241 (57) 8 (22) 167 (91) 13 (36)

Data are presented as n (%),mean±SD ormedian (interquartile range), unless otherwise stated. Percentages in this columnmay not add up exactly 100% because of rounding. BMI, body-
mass index; BNP, brain natriuretic peptide; CI, cardiac index; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusing capacity of the lung for carbonmonoxide; eGFR,
estimated glomerularfiltration rate; FEV1, forced expiratory volume in1 s; FVC, forced vital capacity; LVEF, left ventricular ejection fraction;mPAP,mean pulmonary arterial pressure; PAC,
pulmonary arterial capacitance; PAH, pulmonary arterial hypertension; PAWP, pulmonary artery wedge pressure; PDE-5, phosphodiesterase type-5; PH, pulmonary hypertension; PH-
LHD, pulmonary hypertension associated with left-heart disease; PH-lung, pulmonary hypertension associated with lung disease; PH-misc, miscellaneous pulmonary hypertension;
PVR, pulmonary vascular resistance; RAP, right atrial pressure; sGC, soluble guanylate cyclase; SvO2, mixed venous oxygen saturation; WHO FC, World Health Organization functional
class; 6MWD, 6-minute walk distance.

a Percentage of the cases in which the data were obtained.
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variable (Supplementary Table S4). Brain-type natriuretic peptide
(BNP) was not an independent prognostic factor, however, when
adding the administration of parental prostacyclin analogue as a vari-
able, significant interaction for the administration of parental prostacy-
clin analogue was noted in terms of the BNP as a prognostic factor (P=
.05) (Supplementary Table S5).

In patients with parental prostacyclin analogues, those with double
combination therapy and those with triple combination therapy simi-
larly showed a tendency to improve survival compared with those
with monotherapy when adjusted for the independent prognostic fac-
tors listed above (P=.09 and P=.06, respectively) (Supplementary Ta-
ble S6). On the other hand, in patients without parental prostacyclin
analogues, only those with triple combination therapy showed signifi-
cantly better prognosis compared with those with 0 or 1 PH-specific
drug (P = .03).

3.3.2. Group 2: PH-LHD
Twenty-three (5%) patients with PH-LHD were treated with PH-

specific medications (Table 1). According to the etiology of PH-LHD, pa-
tients with left ventricular (LV) systolic dysfunction (LHD-systolic) had
a lower cardiac index, and a higher BNP compared with those with LV
diastolic dysfunction (LHD-diastolic) and valvular heart disease (LHD-
valvular) (Supplementary Table S7). However, the survival of those
with LHD-systolic was comparable with that of those with the other
two etiologies (vs. LHD-diastolic, P = .63; and vs. LHD-valvular, P =
.09) (Fig. 1C). Multivariable analysis showed that significant prognostic
factors at baseline were age ≥ 75, WHO FC III/IV, and lower eGFR (Sup-
plementary Table S8).

3.3.3. Group 3: PH-lung disease
Among the 37 patients with PH-lung, the most frequent cause was

interstitial lung disease (41%), followed by chronic obstructive lung dis-
ease (22%), other lung diseases with mixed restrictive and obstructive
patterns (16%), alveolar hypoventilation (16%), and sleep-disordered
breathing (5%) (Supplementary Fig. 1). Among them, 27 (73%) were
treated with PH-specific medications and 23 (62%) with PDE-5 inhibi-
tors (Table 1). Although a detailed analysis of survival for patients
with PH-lungwas not performed due to the limited number of patients,
the long-term survival of Group 3 was as poor as Group 5 among all PH
subgroups.



Fig. 1. Long-term prognosis of patients in terms of (A) pulmonary hypertension by diagnostic groups, (B) pulmonary arterial hypertension by clinical subtypes, (C) pulmonary
hypertension associated with left-heart disease by clinical subtypes, and (D) chronic thromboembolic pulmonary hypertension by treatment during the follow-up. BPA, balloon
pulmonary angioplasty; CHD, congenital heart disease; CTD, connective tissue disease; HPAH, heritable pulmonary arterial hypertension; HT, hypertension; IPAH, idiopathic
pulmonary arterial hypertension; PEA, pulmonary endarterectomy; PVOD, pulmonary veno-occlusive disease; SSc, systemic sclerosis; Tx, therapy.
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3.3.4. Group 4: CTEPH
Among 183 patients with CTEPH, 143 (78%) received invasive treat-

ments, including pulmonary endarterectomy (PEA) (15%) and BPA
(66%) (Supplementary Fig. 1). The event-free survival at 1, 3, and
5 years in CTEPH patients was 96.7%, 93.7%, and 92.0%, respectively.
BMI ≥ 25 at baseline was a poor prognostic factor in CTEPH patients
(Supplementary Table S9 and Fig. S3C). The patients with PEA alone
had poorer hemodynamics than those with medical therapy alone
(Table 2). The prognosis of patients with both PEA and BPA and those
with BPA alone was better than that of those with PEA alone or those
with medical therapy alone (both PEA and BPA vs. medical therapy
alone, P = .10; BPA alone vs. PEA alone, P = .059; and BPA alone vs.
medical therapy alone, P = .001) (Fig. 1D). BPA significantly improved
survival when adjusted for each variable one by one, including age,
BMI group, PVR, and PEA (Supplementary Table S10).

3.3.5. Group 5: PH-misc
The highest prevalence of composite end-point was noted in PH-

misc among all PH subgroups (42%) (Table 1). PH due to systemic disor-
ders was most common in PH-misc (50%) (Supplementary Fig. 1).

4. Discussion

The novel findings of this study are as follows; (1) transplant-free
survival at 5 years in PAH, PH-LHD, PH due to lung diseases, CTEPH,
and miscellaneous PH were 74.0, 69.3, 63.7, 92.0, and 55.3%, respec-
tively, (2) in PAH patients, male sex, age ≥ 75, WHO FC III/IV, lower
SvO2, and BMI b 18.5were independent predictors for mortality, (3) tri-
ple combination therapy showed better survival compared with other
treatments, especially in patients without administration of parental
prostacyclin analogues, (4) in patients with PH-LHD, lower eGFR was
independently associated with an increased mortality, and (5) in
CTEPH patients, multivariable analysis demonstrated that BPA was an
effective procedure to improve prognosis, and BMI ≥ 25 was a poor
prognostic factor. This study is the first to show detailed information
on long-term prognosis and prognostic factors in a large cohort of
Japanese PH patients, especially the subgroups of PH with many pa-
tients such as PAH, PH-LHD, and CTEPH. Comparisons of PAH and
CTEPH in this study with those in recent Western registries are shown
in Supplementary Table S11 and S12 [4,10–15].

4.1. Beneficial prognostic effects of combination therapy for PAH patients

Currently, upfront combination therapies for severe PAH have
attracted much attention [16,17]. Sitbon et al. reported significant im-
provement in hemodynamics and 6-minute walk distancewith upfront
triple combination therapy for 19 patients with severe PAH using
bosentan, sildenafil, and intravenous epoprostenol as initial treatment
[16]. These beneficial effects were continued to the final follow-up eval-
uation at 32 ± 10 months [16]. Additionally, the AMBITION study was
the first randomized control study with a large number of patients



Fig. 2. (A) Pulmonary arterial hypertension (PAH) specific medication use when the largest number of drugs was used during the follow-up. (B) Long-term prognosis of PAH patients by
the number of PAH-targeted drugs. CI, confidence interval; HR, hazard ratio; Tx, therapy.
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with PAH, to compare dual upfront combination therapy with mono-
therapy, using ambrisentan and tadalafil [17]. This previous study
showed that upfront combination therapy was superior to monother-
apywith better prognostic effects. In Japan, the triple combination ther-
apy has been frequently used for PAH thanks to the medical insurance
system that allows the insured to secure medical expenses which are
too expensive to prepare on their own. Recently, another Japanese
PAH cohort, in which one-third of treatment-naïve patients received
upfront combination therapy, showed a remarkable 3-year survival
rate of 95.7%, and patients with upfront combination therapy were 5-
fold more likely to show hemodynamic improvement compared with
monotherapy [18]. In the present registry, the rate of combination ther-
apy was as much as 32% in double and 42% in triple, which was higher
than that of other recent registries, such as ASPIRE (combination ther-
apy 28%) [4], Swiss registry (double 29% and triple 14%) [5], and preva-
lent cases in REVEAL (combination therapy 46%) [19]. Besides, patients
treated with parenteral prostacyclin analogue plus one or more PH-
specific drugs tended to have a better prognosis than those with mono-
therapy with a parenteral prostacyclin analogue. Additionally, in pa-
tients without parenteral prostacyclin analogue, only those with triple
combination therapy were significantly associated with a better prog-
nosis than those with 0 or 1 PH-specific drug. Thus, the higher rate of
the combination therapies could explain, at least in part, the better
prognosis of PAH patients in Japan.

The type and dose of calcium channel blockers (CCBs) were con-
firmed in 56 out of 63 PAH patients; amlodipine in 27, nifedipine in
13, diltiazem in 9, and other CCBs in 7. The average daily dose was
4.4 mg for amlodipine, 34 mg for nifedipine, and 157 mg for diltiazem,
which were not high doses as recommended for IPAH [20,21]. Further-
more, since 31 cases (49%) received combination with CCB and renin-
angiotensin system inhibitor, more than half of patients received CCB
presumably for systemic hypertension.

4.2. Prognostic factors in PAH

It is the same as previous reports that male sex, older age, higher
WHO FC, lower SvO2 at baseline are strong predictors for worse survival
[22,23]. Since patients aged N60 years with PAH and a certain number of
childrenwith IPAHhave been reported to have a poor prognosis [19,24],
we classified the patients into 5 groups every 15 years of age in this
study to examine the outcome in more detail. The sharp deterioration
in the prognosis was observed at 75 years of age or older, suggesting
that the average life span of PAH patients is extended. In the Japanese
cohort, the risk of all-cause mortality for BMI is known to draw a U-



Table 2
Baseline patient characteristics of CTEPH by treatment.

PEA alone BPA alone Both PEA
and BPA

Medical Tx
alone

N 23 (13) 115 (63) 5 (3) 40 (22)
Male 6 (26) 25 (22) 1 (20) 10 (25)
Age, years 55 ± 11†,‡ 63 ± 14 52 ± 16 67 ± 15
BMI, kg/m2 24.0 ± 7.1 23.3 ± 3.8 20.7 ± 1.8 23.2 ± 4.0
WHO FC I⁎ 1 (4) 2 (2) 0 (0) 1 (3)

II 4 (17) 48 (42) 2 (40) 17 (50)
III 11 (48) 52 (46) 3 (60) 15 (44)
IV 7 (30) 12 (11) 0 (0) 1 (3)

6MWD, m 347 ± 121 346 ± 120 343 ± 21 339 ± 98
BNP, pg/ml 221

(142–596)§
92 (27–245) 143

(55–202)
115
(38–403)

eGFR,
ml/min/1.73 m2

59 ± 21 61 ± 16 69 ± 1 58 ± 19

LVEF, % 65 ± 11 70 ± 9 67 ± 15 71 ± 8
FVC, % predicted 92 ± 13 99 ± 18 88 ± 18 90 ± 19
FEV1, % predicted 86 ± 17 90 ± 18 93 ± 10 81 ± 20
DLCO, % predicted 60 ± 11§ 93 ± 35 74 69 ± 16
mPAP, mm Hg 49 ± 9†,‡ 42 ± 11 41 ± 11 41 ± 11
PAWP, mm Hg 10 ± 6 9 ± 4 8 ± 3 9 ± 5
RAP, mm Hg 9 ± 7 6 ± 4 5 ± 4 6 ± 4
CI, L/min/m2 2.3 ± 0.6‡,§ 2.6 ± 0.7 2.8 ± 0.5 2.8 ± 0.7
PVR, wood units 10.8

(6.9–13.0)§
8.1
(5.8–10.2)

8.2
(4.9–11.1)

7.7
(5.1–12.0)

SvO2, % 60 ± 7‡,§ 64 ± 9‖ 67 ± 3 67 ± 9
PAC, mL/mm Hg 1.0 ± 0.4†,‖ 1.3 ± 0.6 1.4 ± 0.8 1.4 ± 0.7

Data are presented as n (%), mean± SD ormedian (interquartile range), unless otherwise
stated. Percentages in this columnmay not add up exactly 100% because of rounding. BMI,
body-mass index; BNP, brain natriuretic peptide; BPA, balloon pulmonary angioplasty; CI,
cardiac index; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusing
capacity of the lung for carbon monoxide; eGFR, estimated glomerular filtration rate;
FEV1, forced expiratory volume in1 s; FVC, forced vital capacity; LVEF, left ventricular ejec-
tion fraction; mPAP, mean pulmonary arterial pressure; PAC, pulmonary arterial capaci-
tance; PAWP, pulmonary artery wedge pressure; PEA, pulmonary endarterectomy; PVR,
pulmonary vascular resistance; RAP, right atrial pressure; SvO2, mixed venous oxygen sat-
uration; Tx, therapy;WHO FC,WorldHealth Organization functional class; 6MWD, 6-min-
ute walk distance.
⁎ Percentage of the cases in which the data were obtained.
† P b .01 in comparison to BPA alone.
‡ P b .01 in comparison to Medical Tx alone
§ P b .05 in comparison to BPA alone.
‖ P b .05 in comparison to Medical Tx alone.
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curve [25]; thus, patientswere classified into 3 groups according to their
BMI, resulting in an increased risk for those with BMI below 18.5. It has
been shown that right ventricular dysfunction in advanced heart failure
frequently presented cachexia, and decreased BMI was associated with
a higher adverse event rate [26]. Lower BMI has also been reported to
correlate with higher PAP, and inferior vena cava dilation in PAH pa-
tients [27]. Further studies including follow-up data may clarify
whether lower BMI is the result of right heart failure or exacerbation
factor for PH.

The REVEAL registry showed that eGFR was an independent predic-
tor of survival in PAHpatients [28]. However, in the present study, there
was no significant correlation between eGFR and mortality when ad-
justed for essential variables including SvO2, which was not included
in the REVEAL registry [28]. Since SvO2 is also a well-known crucial pre-
dictor of PAH [23], renal dysfunction in PAH may be a result of circula-
tory failure and SvO2 may be a more robust marker than eGFR.

Unlike the previous reports, BNPwas not an independent prognostic
factor in this study [19,23]. However, significant interaction for the use
of parental prostacyclin analogue was noted in terms of the prognostic
significance of BNP, suggesting that BNP may be a useful predictor par-
ticularly in patients without parenteral prostacyclin analogue. The ag-
gressive treatment for lowering mPAP, which resulted in a sufficient
decrease in BNP, may explain why baseline BNP did not correlate with
the long-term prognosis especially in patients treated with parental
prostacyclin analogue.
4.3. Therapeutic background and prognostic factors in PH-LHD

Patients with PH-LHD in the present study had better survival than
those in other registries for all subgroups of PH [4,6]. However, this reg-
istry showed lower proportion of WHO FC III/IV, younger age than the
UK [4] or Germany registry [6], and that the percentage of combined
post- and pre-capillary PH based on PVR was smaller than that of the
Germany registry, which may result in the better prognosis in our
survey.

Few reports are available on the surrogate biomarker for long-term
prognosis in PH-LHD. Renal function as a strong predictor of survival
in patients with LHD is well established [29]. The present study demon-
strates that lower eGFR is independently associated with increased
mortality in patients with PH-LHD, providing evidence that renal func-
tion could be a useful marker for the disorder. However, the cause of
PH-LHD is heterogeneous, and the previous study had a limited number
of patients (b1000 patients) [30]. Thus, further large-scale prospective
registries including all causes of left-sided heart failure are needed.

4.4. Beneficial prognostic effects of BPA for CTEPH patients

A recent study reported that non-operated CTEPH patients had a
poorer prognosis compared with operated CTEPH patients [6,14,15].
On top of that, medical therapy improved hemodynamics but not prog-
nosis in CTEPH patients [15]. In the present study, CTEPH patients
treated with BPA alone had a better prognosis than those with medical
therapy alone despite the comparable clinical characteristics. Addition-
ally, the long-termprognosis of CTEPHpatients treatedwith BPA tended
to be better compared with those treated with PEA. Recently, we and
others demonstrated the beneficial effects of BPA for CTEPH patients
[31–35], including the beneficial prognostic effects [36]. Moreover,
BPA is an effective treatment for inoperable CTEPH cases with several
comorbidities [37] and is also useful for the hybrid strategy with PEA
[38]. Indeed, in the present registry, CTEPH patients with both PEA
and BPA had the best long-termprognosis,wheremultivariable analysis
showed that BPA was therapy with significant prognostic effects. Nota-
bly, BPAwas performed in 66% of CTEPH patients, one of themost char-
acteristics of this registry in Japan. These findings, including the result
that baseline WHO FC and hemodynamics were not prognostic predic-
tors, suggest that inoperable CTEPH would be a more treatable disease
than previously known.

4.5. Study limitations

Several limitations should be mentioned in the present study. First,
this registry included beraprost, which has been approved for the treat-
ment of PAH only in Japan and South Korea [39]. However, excluding
beraprost, the proportion of combination therapy was higher than
other registries (double combination therapy 49%, triple combination
therapy 14%). Second, compared with Western registries, the propor-
tion of SSc-associated PAH in CTD-PAH was smaller (Japanese, 43%;
ASPIRE, 83%) [4]. Furthermore, SLE-associated PAH, which is known to
have a better prognosis than SSc-associated PAH [40],was relatively fre-
quent although not somuch as China (Japanese, 21%; Chinese 58%) [41].
The distribution of CTD-PAH may have affected the difference in out-
comes between the Japanese and Western registries. Third, the perfor-
mance rate of PEA for CTEPH in the present registry (15%) was low
than in other registries, such as ASPIRE (45%) [4] and the international
registry (60%) [15]. Although details of lesion type in CTEPH were not
available in the present study, the incidence of distal type disease has
been reported to be higher in Japanese than in the San Diego group
[42,43]. Furthermore, in Japan, BPA-enabled referral centers are avail-
able throughout the country. Additionally, CTEPH patients who did
not undergo PEA in the present registry had relatively less severe symp-
toms and hemodynamic parameters compared with recent studies
[4,15], which might have been associated with a better prognosis.
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Fourth, the inclusion of prevalent casesmight have led to an overestimate
of long-term survivors due to possible selection bias, and there might be
immortal time bias because triple combination therapy was introduced
in clinical practice since 2008. Indeed, recent studies suggested that the
better outcome of prevalent cases may be associated with the stability
of disease as compared with incident cases [4,10,12]. However, in the
present study, there was no difference in event-free survival between
the prevalent and incident cases, which was confirmed in the recent ran-
domized survey that addressed the prognostic effects of macitentan in
PAH patients [44]. Fifth, no detailed data were available onwhether com-
bination therapywas performed as an initial combination or as a sequen-
tial combination. This pointmaybe a confounding factorwhen comparing
the prognosis from the baseline by the number of therapeutic drugs. Nev-
ertheless, we would like to underline the finding that patients who re-
ceived triple therapy in this study had more severe hemodynamics at
baseline. This comparison would be more validated by examining the
add-onmanner of drugs and improvement in hemodynamic status in fu-
ture randomized trials. Sixth, the number of patients with PH-lung and
PH-misc were small in the present registry. In Japan, PH-lung is mainly
examined by respirologists, while patients in this study were registered
from cardiologists in Japan. However, the small number of PH-misc pa-
tients was similar to that of the Western registries [4,5]. Finally, a small
portion of PH-LHD and PH-misc, and a substantial proportion of PH-
lung patients were treated with off-label PH-specific medications [2],
which was similar to ASPIRE and the German registry [4,6]. Although
there is no substantial evidence validated by randomized controlled trials
to support the use of PH-specific drugs in PH-LHD, patients with severe
RV dysfunction have been reported to benefit from pulmonary vasodila-
tion [45,46]. For this reason, PH-specific medications have probably
been administered as a last option for severe right heart failure. In PH-
lung, the use of pulmonary vasodilators should be considered only for pa-
tients with mild lung parenchymal abnormalities and hemodynamics
showing PAH phenotype [2]. The usefulness of PH-targeted medications
for severe PH-lung patients has recently been reported in Japan, presum-
ably resulting from thehigh usage rate of themedications, especially PDE-
5 inhibitor [47,48]. However, the effectiveness of PH-targeted drugs
remained unsolved in this study because the number of patients with
both PH-LHD and PH-lung was too small to analyze prognosis.

5. Conclusions

In the present multicenter registry study in Japan, we were able to
provide the latest information on the long-termprognosis and the prog-
nostic factors in PH patients among all classes in the same cohort.
Transplant-free survival at 5 years in this study was 74% for PAH and
92% for CTEPH, in which active combination medical therapy for PAH
and higher performance rate of BPA for CTEPH may be involved.
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