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available therapeutic options. Survival of Japanese patients with this disease entity has not
been reported in the multicenter setting. A retrospective study of 141 patients with idio-
pathic/heritable pulmonary arterial hypertension treated at 3 pulmonary hypertension
centers in Japan from 1992 to 2012 investigated survival and determinants of survival.
Mean survival time from treatment initiation was 14.7 – 0.8 years (95% confidence interval,
13.1 to 16.3 years) and the 1-, 3-, 5-, and 10-year survival rates were 97.9%, 92.1%, 85.8%,
and 69.5%, respectively. Patients showed significant improvement in exercise capacity and
hemodynamics after treatment. Patients with 6-minute walk distance >372 m, mean pul-
monary arterial pressure £46 mm Hg, and cardiac index >2.5 L/min/m2 at follow-up had a
significantly better prognosis. Most patients (99.2%) were receiving pulmonary
hypertension-targeted drugs at follow-up. Use of endothelin receptor antagonists and
intravenous epoprostenol were related to survival in the univariate analysis. Among
the patients who were on intravenous epoprostenol therapy, those with endothelin
receptor antagonists had a significantly better prognosis, whereas patients on warfarin
had a significantly worse prognosis. In conclusion, survival of Japanese patients with
idiopathic/heritable pulmonary arterial hypertension in this study was good, showing
improvement in hemodynamic parameters supported by pulmonary hypertension-targeted
drugs. � 2017 Elsevier Inc. All rights reserved. (Am J Cardiol 2017;-:-e-)
Pulmonary arterial hypertension (PAH) is a progressive
disease with increased pulmonary vascular resistance (PVR)
and pulmonary arterial pressure. The median survival
of patients with idiopathic PAH was 2.8 years before PAH-
targeted drugs became available.1 Despite the progression
in therapeutic options over the last 2 decades, overall
survival continues to be unsatisfactory.2e5 We previously
conducted a retrospective study at a single center in
Japan and reported improved survival of Japanese
patients with idiopathic/heritable pulmonary arterial hyper-
tension (I/HPAH),6 whereby patients showed a significant
improvement in hemodynamic parameters after treatment.
To elucidate the survival of Japanese patients with I/HPAH
on a larger scale, we conducted the first multicenter
study on survival of Japanese patients with I/HPAH treated
at 3 referral centers. This study also aimed to identify
determinant factors for the survival of Japanese patients with
I/HPAH, including hemodynamic changes and treatment
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regimen, and to confirm the improvement of hemodynamic
parameters after treatment.

Methods

We conducted a retrospective chart review of patients
with I/HPAH. Patients were treated at 3 pulmonary hy-
pertension centers in Japan (National Hospital Organiza-
tion Okayama Medical Center, Kyorin University Hospital,
and Keio University Hospital) between November 1992
and August 2012. Diagnosis was performed using a stan-
dard approach for the diagnosis of PAH including physical
examination and right heart catheterization.7,8 The study
protocol was approved by the institutional review board of
each hospital. The follow-up period for analyses of sur-
vival data ended in December 2014. Patients who under-
went lung transplantation were censored at the time of
operation.

World Health Organization (WHO) functional class,
6-minute walk distance (6MWD), plasma levels of brain
natriuretic peptide (BNP), heart rate (HR), oxygen saturation
(SpO2), and hemodynamic parameters (mean pulmonary
arterial pressure [mPAP], cardiac index [CI], mixed venous
oxygen saturation [SvO2], and PVR) were evaluated at
baseline. Follow-up data were collected when patients
achieved the best values for mPAP with preserved CI. Data
regarding the treatment received by patients at follow-up
were also collected.

Results are expressed as the mean � standard deviation
or median (minimumemaximum value), unless otherwise
specified. The chi-square test was used to assess the
www.ajconline.org
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Table 1
Clinical characteristics of patients

Variable Baseline (n¼141) Follow-up (n¼130) P Value

Male 37 (26.2%)
Age at diagnosis (years) 33.3�14.4
Heritable pulmonary arterial hypertension 12 (8.5%)
Time between baseline and follow-up, (years) median (minemax) 3.3 (0.2e14.4)
WHO functional class (I/II/III/IV), n 1/18/91/31 10/83/34/3 <.001
6-minute walk distance (meters) 267.1�154.4 407.9�106.6 <.001
Brain natriuretic peptide (pg/mL) 326.2�348.1 74.1�172.2 <.001
Heart rate (bpm) 78.9�15.7 79.0�15.6 .385
Oxygen saturation (%) 95.2�4.2 96.1�3.5 .037
Mean pulmonary artery pressure (mm Hg) 60.3�14.7 37.6�11.4 <.001
Cardiac index (L/min/m2) 2.1�0.9 3.2�1.1 <.001
Mixed venous oxygen saturation (%) 63.2�9.9 74.0�7.0 <.001
Pulmonary vascular resistance (dyn,s/cm5) 1522.7�799.5 591.6�426.3 <.001

Values are expressed as mean � SD unless otherwise specified. Follow-up data were evaluated in patients who underwent follow-up right heart
catheterization.

Figure 1. Overall survival. Survival representing mortality with disease-related
death. Mean survival time from treatment initiation was 14.7� 0.8 years (95%
confidence interval, 13.1 to 16.3 years), with 1-, 3-, 5-, and 10-year survival rates
of 97.9%, 92.1%, 85.8%, and 69.5%, respectively.
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significance of differences between categorical variables.
Continuous variables at baseline and follow-up were
compared using U tests.

Survival analyses were conducted using the Kaplan-
Meier method. Survival time is expressed as mean � stan-
dard error (95% confidence interval). Differences between
survival curves were assessed using the log-rank test. A Cox
proportional hazards model was used to determine the var-
iables associated with increased mortality. Multivariate
stepwise models were applied to candidate explanatory
variables that remained significant (p <0.1) in univariate
analyses. The hazard ratio and 95% confidence interval were
defined. Receiver operating characteristic curves were con-
structed to determine an optimal cutoff value for 6MWD,
mPAP, CI, and HR. All analyses were undertaken with SAS
Release 9.4 (SAS Institute, Cary, NC) and IBM SPSS 20
(IBM, Armonk, NY). Statistical significance was defined as
p <0.05.
Table 2
Cox proportional hazards analysis

Variable Hazard
Ratio

95% Confidence
Interval

P Value

Baseline
Heat rate (bpm) 1.036 1.007e1.065 .014

At follow-up
6-minute walk

distance (meters)
0.994 0.988e0.9997 .040

Heart rate (bpm) 1.081 1.018e1.149 .012
Mean pulmonary

artery pressure (mm Hg)
1.058 1.003e1.117 .038

Cardiac index (L/min/m2) 0.102 0.028e0.382 <.001

p Values for each analysis are shown. Since cardiac index (CI) is related
to mixed venous oxygen saturation and pulmonary vascular resistance, CI
was chosen as a representative variable in multivariate analysis.
Results

We conducted a retrospective chart review of 141
consecutive patients with I/HPAH. Patients’ characteristics
are listed in Table 1. Patients were predominantly women
and in their 30s at diagnosis. At baseline, 86.5% of patients
were in WHO functional class III or IV. Hemodynamic
parameters were severely impaired, with mPAP >60 mm
Hg and PVR >1,500 dyn,s/cm5.

Data of 130 patients who underwent follow-up right heart
catheterization were collected. At follow-up, WHO func-
tional class, 6MWD, and BNP were significantly improved.
HR was unchanged. SpO2 and hemodynamic parameters
(mPAP, CI, SvO2, and PVR) were significantly improved
over those at baseline (p <0.001).

During the study period, 40 patients died and 7 under-
went lung transplantation. Thirty-one patients (22.0%) died
from right heart failure, 1 from alveolar hemorrhage, 1 from
sudden death, 1 from acute renal failure, and 2 from adverse
effects of drugs. In 4 patients, causes of death were
unrelated to PAH (malignant lymphoma, esophageal
carcinoma, gastrointestinal bleeding, and a traffic
accident). The mortality rate related to PAH was 25.5%
(Figure 1). Mean survival time from treatment initiation
was 14.7 � 0.8 years (95% confidence interval, 13.1 to
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Figure 2. Survival rate of patients stratified by parameters at baseline (A) and follow-up (B to D). (A) Survival rate of patients with heart rate �85 beats/min at
baseline was significantly better than that of patients with HR >85 beats/min (p <0.001). (B) Survival rate of patients with 6MWD >372 m at follow-up was
significantly better than that of patients with 6MWD �372 m (p <0.001). (C) Survival rate of patients with mPAP �46 mm Hg at follow-up was significantly
better than that of patients with mPAP >46 mm Hg (p <0.001). (D) Survival rate of patients with cardiac index (CI) >2.5 L/min/m2 at follow-up was
significantly better than that of patients with CI �2.5 L/min/m2 (p <0.001).

Table 3
Treatment at follow-up (n ¼ 130)

Variable n (%)

Warfarin 49 (37.7%)
Pulmonary arterial hypertension targeted therapy 129 (99.2%)
Oral prostacyclin analog 20 (15.4%)
Intravenous prostacyclin 102 (78.5%)
Endothelin receptor antagonist 83 (63.8%)
Phosphodiesterase type 5 inhibitor 89 (68.5%)

Combination therapy 103 (79.2%)
Double therapy 41 (31.5%)
Triple therapy 62 (47.7%)
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16.3 years), with 1-, 2-, 3-, 5-, and 10-year survival rates of
97.9%, 94.3%, 92.1%, 85.8%, and 69.5%, respectively.

The Cox proportional hazards model was used to estimate
the risk factors for disease-related death based on the baseline
data of patients. Age at diagnosis, male gender, HPAH,WHO
functional classes III or IV, mPAP, CI, and PVR were not
significant in univariate analysis, although 6MWD, BNP,
HR, SpO2, and SvO2 were significant. In multivariate anal-
ysis, HR was significantly related to survival (Table 2). With
regard to follow-up data, WHO functional classes III or IV,
6MWD, BNP, HR, SpO2, mPAP, CI, SvO2, and PVR were
significant in the univariate analysis. In multivariate analysis,
6MWD, HR, mPAP, and CI at follow-up were determinants
of survival (Table 2).
Based on the area under the curve calculated from the
receiver operating characteristic curves, cutoff values were
calculated: baseline HR (area under the curve, 0.694; cutoff
value, 85 beats/min), 6MWD at follow-up (0.849; 372 m), HR
at follow-up (0.664; 77 beats/min), mPAP at follow-up (0.782;
46 mm Hg), and CI at follow-up (0.882; 2.5 L/min/m2).
A baseline HR >85 beats/min showed a significantly worse
prognosis (p <0.001), although the cutoff value for HR at
follow-up did not stratify survival. Patients with 6MWD
>372 m, mPAP �46 mm Hg, and CI >2.5 L/min/m2 at
follow-up had a significantly better prognosis (p <0.001)
(Figure 2).

The treatment regimen was evaluated in patients who
underwent follow-up catheterization (Table 3). Less than
40% of patients were administered warfarin. Most patients
were receiving PAH-targeted drugs: prostacyclin analogs,
endothelin receptor antagonists (ERAs), and phosphodies-
terase type 5 (PDE5) inhibitors. Intravenous prostacyclin was
highly prescribed. All patients received epoprostenol except
for 1 patient who received treprostinil. The maximum dose of
epoprostenol was 70.6 � 39.5 ng/kg/min. Approximately
80% of patients were treated with combination therapy.

The Cox proportional hazards model was used to esti-
mate the risk factors for disease-related death with regard to
treatment at follow-up. Oral prostacyclin analog, PDE5 in-
hibitors, and warfarin did not show significance in univari-
ate analysis (p ¼ 0.168, 0.257, and 0.156, respectively).
ERA and intravenous epoprostenol were important for sur-
vival in the univariate analysis (p ¼ 0.027 and 0.046,



Figure 3. Kaplan-Meier estimates stratified according to treatment at follow-up. (A) Survival rate of patients with ERA was significantly better than that of
patients without ERA (p ¼ 0.015). (B) Survival rate of patients with intravenous (IV) prostacyclin (PGI2) was significantly worse than that of patients without
IV PGI2 (p ¼ 0.026). (C) Survival rate of patients with ERA was significantly better than that of patients without ERA among patients who were on IV PGI2
therapy (p¼ 0.012). (D) Survival rate of patients with warfarin (WF) was significantly worse than that of patients without warfarin among patients who were on
IV PGI2 therapy (p ¼ 0.017). (E) Survival rates of patients with and without ERA and with or without warfarin were compared among patients who were on IV
PGI2 therapy. Survival rate of patients with warfarin was significantly worse than that of patients with ERA (p ¼ 0.014).
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respectively). However, no drug showed significant benefit
to survival in the multivariate analysis. In the Kaplan-Meier
analysis, patients administered ERA showed significantly
better survival (log-rank test, p ¼ 0.015) (Figure 3) with
significant improvement of hemodynamics at follow-up
(Supplementary Table 1), although patients administered
ERA did not show any difference in the baseline data except
for HR. Patients who did not need epoprostenol had a better
prognosis (log-rank test, p ¼ 0.026) (Figure 3). Among
patients who were administered intravenous epoprostenol
therapy, those taking ERA had a significantly better prog-
nosis (log-rank test, p ¼ 0.012) (Figure 3); although there
was no difference in the baseline data, they showed signif-
icant improvement of hemodynamics at follow-up
(Supplementary Table 2). Among patients on epoprostenol
therapy, patients given warfarin had a significantly worse
prognosis (log-rank test, p ¼ 0.017) (Figure 3). There was
no difference in the baseline data except for lower SpO2, but
patients not given warfarin showed significant improvement
of hemodynamics at follow-up (Supplementary Table 3).
Furthermore, patients given intravenous prostacyclin were
divided into 4 groups: with or without ERA and with or
without warfarin (Figure 3). There was a significant differ-
ence in survival (log-rank test with a Tukey adjustment,
p ¼ 0.014), and a significant difference was found between
ERA-only and warfarin-only groups (p ¼ 0.007). Male
prevalence and SpO2 were significantly different parameters
among these 4 groups at baseline, whereas mPAP, CI, and
PVR were significantly different at follow-up
(Supplementary Tables 4 and 5).

Discussion

This is the first multicenter report on survival of Japanese
patients with I/HPAH treated at 3 referral centers. The re-
sults confirmed our previous report on the high survival rate
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of Japanese patients with I/HPAH and significant
improvement in hemodynamic parameters after treatment.6

In patients receiving epoprostenol therapy, concomitant
use of ERA was beneficial and warfarin was related to worse
survival.

Survival of patients with PAH improved after progress in
the use of PAH-targeted drugs, although the results
continued to be unsatisfactory.2e5 Numerous parameters
have been reported to be improved by targeted therapies,
including WHO functional class, 6MWD, and BNP. It is
essential to understand which parameters need to be
improved, and to what extent, in achieving better survival.

Among the baseline characteristics, HR is the only
prognostic factor in the present study. However, HR did not
change after treatment and the importance of HR in patients
with I/HPAH may be limited, although HR is a known
prognostic factor in left-sided cardiac failure.9 The
improvement in other parameters after treatment is more
significant in our patients in comparison with those enrolled
in previous studies, although the baseline parameters were
comparable with those reported previously.2e5,10,11 Patients
with 6MWD >372 m, mPAP �46 mm Hg, and CI >2.5 L/
min/m2 at follow-up had a significantly better survival.
Improvement in the 6MWD, which has long been consid-
ered the end point in most clinical trials, has been shown not
to be related to long-term survival.12 CI was also reported to
be a prognostic factor in the first report on survival.1 Mean
PAP was found to be significant in stratifying patients’
survival in our previous single-center report.6 In line with
the previous results, the finding that mPAP can be lowered
by treatment and is a determinant factor was confirmed by
the present study. mPAP improvement may deserve to be
recognized as a determinant factor of prognosis, as already
is the case for chronic thromboembolic pulmonary
hypertension.13,14

The significant improvement in pulmonary hemody-
namics might be attributed to the high prescription rate and
combination therapy including epoprostenol treatment.
Epoprostenol is known to be the most potent drug among all
the PAH-targeted drugs, reducing mPAP by approximately
8 mm Hg after 1 year of treatment with 21 ng/kg/min
monotherapy.15 We have reported that a rapid uptitration
regimen of epoprostenol soon after the initiation of treat-
ment was associated with a continuous decrease in mPAP
and better survival compared with the slow uptitration
regimen.16,17 Combination therapy has been shown to be
beneficial in PAH.18e20 In the present study, epoprostenol
and combination therapy were chosen for 80% of patients
and a reduction in mPAP of 37.6% was achieved. This result
is consistent with our previous report of a 44% reduction in
mPAP in 75% of patients given epoprostenol treatment6 and
32.5% reduction in mPAP by upfront combination ther-
apy.18 This treatment regimen is enabled by the Japanese
national health care system, which subsidizes medical care
for patients with rare and intractable diseases.

Our results showed that patients who were given ERA
showed better survival compared with those not given ERA.
Because patients who require epoprostenol are the most
severe cases, they showed worse survival than those who
did not need it. However, in patients who needed epopros-
tenol treatment, concomitant use of ERA led to significantly
better survival, which was indicated by the BREATHE-2
study, a placebo-controlled combination study of epopros-
tenol and bosentan that showed a trend toward hemody-
namic and clinical improvement.21 We did not observe a
favorable effect on survival when using a PDE5 inhibitor as
an add-on therapy to epoprostenol treatment, although the
PACES trial demonstrated pulmonary hemodynamic
improvement by adding sildenafil to epoprostenol therapy.22

Many patients included in our study were already diagnosed
and treated before PDE5 inhibitors were approved in Japan.
Patients able to survive until the approval of PDE5 in-
hibitors may not have further appreciated its benefit.

The use of anticoagulation is controversial in patients
with I/HPAH.23e25 In the present study, patients given
warfarin showed a tendency toward worse survival
compared with those not given warfarin (data not shown,
p ¼ 0.06). Furthermore, among patients who underwent
epoprostenol therapy, concomitant use of warfarin was
associated with a poor prognosis, despite similar baseline
parameters. The exact reason cannot be determined from
this study because we did not specifically collect the data
regarding warfarin-related adverse events, such as bleeding.
We previously reported an increased risk of pulmonary
alveolar hemorrhage with >28 ng/kg/min of epoprostenol.26

Patients in the present study were on high-dose epoprostenol
therapy, which can reduce platelet coagulation activity and
ultimately may result in adverse effects. The use of anti-
coagulation in patients with I/HPAH should be considered
with caution, especially with epoprostenol therapy.

Another reason for the improvement in survival may be
due to racial/ethnic factors. Reports from China and Korea
showed higher survival rates than in Western countries.10,11

It is possible that a difference in genetic background be-
tween Asians and Caucasians leads to a different response to
treatment. Furthermore, the mean age at diagnosis of pa-
tients reported from China, Korea, and in the present study
is in the 30s. This also differs from recent reports from
Western countries, which consist of patients in their 50s at
the time of diagnosis, although the age at diagnosis of pa-
tients in the first registry was in the 30s.1 Differences in
ethnicity in patients with I/HPAH and the patient profile of
Asian populations therefore need to be evaluated in a larger
cohort.

There are several limitations to this study. The fact that
this is a retrospective study with a small number of patients
precludes control of the baseline characteristics and may
thus lead to biased results. Furthermore, the study comprised
patients who were diagnosed from 1992 to 2012, whereas
the first PAH-targeted drug became available in 1999 in
Japan. The possibility of selection bias and survivor bias
could not be avoided. Prospective studies to ascertain the
results presented herein are warranted.
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