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疾患予後と医療の質の改善を⽬的とした 

多領域横断的な難治性肺⾼⾎圧症症例登録に関する研究 

 
研究代表者：田村 雄一  国際医療福祉大学医学部循環器内科学 准教授 

 
研究要旨 

 本邦における初の前向き・多施設共同による肺動脈性肺高血圧症の 5 年分の予後調査を行い、邦文論文化

するとともに現在英文論化をすすめている。また研究期間中に明らかになった漢方薬(青黛)に伴う薬剤性の

肺高血圧症に関しての全国実態調査を行った。 

その結果、レジストリ研究によって本邦の肺動脈性肺高血圧症は多剤併用療法が積極的に行われており、

その結果非常に両方な予後である可能性が示唆された。また青黛摂取に伴う肺動脈性肺高血圧症は薬剤関連

肺高血圧症である可能性が高いため、今後のさらなる解析が待たれる。 

  

 

Ａ. 研究目的 
 肺高血圧症は希少難病疾患であり従来は効果

的治療法がなかったが、1999 年のエポプロステノ
ールの承認後は予後が改善しており劇的に疾病予
後が改善した。近年欧米では米国 REVEAL レジス
トリなど予後因子の推定や効果的治療法の探索の
た め の 症 例 登 録 研 究 が 遂 行 さ れ て い る
(Circulation 2010;122;164-172)。本邦は薬剤使用
の水準は高いものの、症例登録研究システムはな
く治療水準を国際比較できる土台が整っていなか
った。そこで申請者が研究代表者を務めた田村班
により、欧州で進行している国際症例登録研究
CompERA と連携し、本邦で初めて治療効果・予
後調査を行うと共に他国のものと直接比較できる
症例登録システム(Japan PH Registry:JAPHR)を
平成 24 年度より運用開始した。 
 肺高血圧症は循環器・呼吸器・膠原病・小児

領域と多岐にわたる領域をまたいだ領域横断的な
疾患であるため、従来の難病研究班の枠組みでは
網羅的な症例研究は困難であった。そこで本研究
では全国の肺高血圧症大規模診療施設の専門医を
初めてネットワーク化し、呼吸不全班および
MCTD/強皮症研究班など領域別研究班や関連学会
と密に連携することで All Japan 体制での網羅的
診療実態・予後調査を行うことを目的とした。 
また平成 28年末に厚生労働省より注意喚起が発

せられた染料や健康食品などで用いられる青黛
（せいたい）を摂取し、肺動脈性肺高血圧症（PAH）
を発症したケースに関して、関係学会と協力の上
で全国実態調査を行った。 
 

 
Ｂ. 研究方法 
(1)症例登録システムの開始と各種治療効果と予後
の検討 
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本研究ではまず田村班により本邦で初めて構築
された症例登録システム(JAPHR)を用いた肺高血
圧症の前向きの症例登録研究を行う。すでに本レ
ジストリには田村班に参加していた施設を中心に
300 例以上の症例が登録されている。また特色とし
て、欧州の前向き症例登録研究と提携しており、
他国と直接予後比較ができる。平成 25 年度の田村
班と呼吸不全班・強皮症班・MCTD 班との協議に
より各研究班における公式レジストリの承認を受
けているため、領域横断的な症例登録がなされて
いることから、疾患横断的に網羅的な症例登録を
推進し All-Japan 体制の症例登録システムに向け
た体制を作る。これらの協力体制により 3 年間で
欧米の先行研究と同等の 1000 例規模の肺高血圧
症の症例登録を行う。本レジストリは 2012 年より
運用開始されており、研究期間中に現行の３年間
に加えて最大 5 年間の予後追跡調査を盛り込んだ
データを解析することができる。 

 
(2)青黛摂取に伴う肺動脈性肺高血圧症の診療実態
調査 
平成 23年頃より青黛という染料をもとにした漢

方薬を摂取した潰瘍性大腸炎など炎症性腸疾患患
者において、青黛の摂取と因果関係の否定できな
い肺動脈性肺高血圧症が発現した症例が複数存在
することが判明した。そこで厚生労働省に当研究
班より報告し、その結果青黛により肺動脈性肺高
血圧症が生じる可能性があること及び肺動脈性肺
高血圧症が疑われる場合には青黛の摂取を中止さ
せ適切な処置を行うことに関しての注意喚起が行
なわれた(薬生監麻発 1227 第９号/生食監発 1227 
第８号:平成２８年１２月２７日)。 

そこで本研究班は実態把握のための医療上の必
要性を鑑み、青黛の摂取に伴う肺動脈性肺高血圧
症に関して日本肺高血圧・肺循環学会および厚生
労働科学研究費補助金 呼吸不全に関する調査研
究班合同で実態調査を行うこととし、肺高血圧症
を診療している施設を対象に実態調査を行った。 

 
（倫理面への配慮） 
症例登録研究に関してはすでに国際医療福祉大学
の倫理委員会に申請し認可を得ている。症例登録
時には患者本人に承認を受けた同意説明文書を用
いて説明・同意取得を行うよう義務付けられてお
り、それを遵守する。また登録されたデータにお
いては直接個人情報が特定されることはなく匿名
化されている。さらに患者に情報提供を行う際に
はいかなる媒体であっても個人が特定されるもの
が提供されることはないよう配慮するため、特に
問題となることはない。 
また現行の研究体制が改正個人情報保護法の基

準に則した形で行われていることも検討し、確認

を行った。 

 

Ｃ. 研究結果 
(1) 症例登録システムの開始と各種治療効果と予
後の検討 
 本研究では計画通り、症例登録システム(JAPHR)
を用いた肺高血圧症の前向きの症例登録研究を領
域横断的に全国の 16 施設で開始している。また呼

吸不全班・強皮症班・MCTD 班の各研究班および
日本肺高血圧肺循環学会における公式のレジスト
リの承認を受けているため、領域横断的な
All-Japan 体制の症例登録システムを構築するこ
とができた。また後ろ向きの解析に関してはすで
に学会発表を行っており、現在論文投稿中である。 
概要を図 1 に示す。 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
図 1：JAPHR レジストリより明らかになった本邦

における肺動脈性肺高血圧症の予後 
 
 

(2) 青黛摂取に伴う肺動脈性肺高血圧症の診療実
態調査 
 
 次に全国の主立った肺高血圧症診療施設に対し

ての診療実態調査を行った。回答が得られたのは

97 施設であった。 

この実態調査の結果、炎症性腸疾患に合併した

肺高血圧症患者 21 名をみとめ、そのうち青黛を摂

取した後に発症した PAH 患者は 11 名であった。 
炎症性腸疾患の診断時の平均年齢 33.3 歳であり

PAH の診断時の平均年齢 43.3 歳 PAH の症状発

症からの年月平均 2 年 1 ヶ月であった。また青黛

摂取後、PAH と診断されるまでの期間は平均 3 年

8 ヶ月であった。この実態調査をうけて、さらに

11 例に対しては平成 29 年度に詳細な調査を行い

報告する方針となった。 
 
Ｄ. 考察  
本邦において肺動脈性肺高血圧症の予後が良好

である理由について考察したい。1 点目は併用療法
の割合が多い点である。後ろ向きの解析において
Incident case のコホートにおいては初期から 2 剤
以上の併用療法を行っている割合が 31.5%であり、
従来の単剤治療から徐々に治療を追加していくや
り方とは異なる治療方針で治療が行われているこ
とが明らかになった。また 2 点目はエポプロステ
ノールの用量である。本コホートにおいてエポプ
ロステノールの持続静注療法を行っている患者の
初期ターゲット用量を評価したところ、平均で
40ng/kg/min 前後の投与量であり、これも従来の
欧米の報告が10-20ng/kg/minのものが多いことを
鑑みると高用量で用いられていることがわかる。
肺高血圧症治療においては、現在では特に重症例
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に対しては the more, the better の治療戦略が推
進されるようになってきている。本邦における良
好な治療成績は、それを先取りしたものであるこ
とが示唆される。 
とくに特発性肺動脈性肺高血圧症の治療は積極

的な治療介入すなわち多剤併用およびエポプロス
テノール持続静注療法の積極的な使用を躊躇しな
いことで、欧米の治療成績と比較してそれを凌駕
する成果を実現できる可能性が極めて高い。一方
で、希少疾患であることから現在でも診断や積極
的な治療介入まで時間を要してしまう症例も数多
く存在し、治療抵抗性の例はそういった要素が強
い。今後の課題は、早期診断のための疾患啓蒙活
動と積極的治療介入という治療戦術の普及にある。 

なお、青黛摂取に伴う肺動脈性肺高血圧症に関
しては薬物関連の肺高血圧症ある疑いが強く、今
後厚生労働省や学会などと連携を取って実態を明
らかにしていく必要がある。 
 

Ｅ. 結論 
レジストリ研究によって本邦の肺動脈性肺高血

圧症は多剤併用療法が積極的に行われており、そ
の結果非常に両方な予後である可能性が示唆され
た。また青黛摂取に伴う肺動脈性肺高血圧症は薬
剤関連肺高血圧症である可能性が高いため、今後
のさらなる解析が待たれる。 
 
 
Ｆ．健康危険情報 
  青黛摂取に伴う肺動脈性肺高血圧症は薬剤関連

肺高血圧症である可能性が高いため、当研究班での
知見を厚生労働省に速やかに報告し、その結果青黛
により肺動脈性肺高血圧症が生じる可能性がある
こと及び肺動脈性肺高血圧症が疑われる場合には
青黛の摂取を中止させ適切な処置を行うことに関
しての注意喚起が行なわれた(薬生監麻発1227第９
号/生食監発1227 第８号:平成２８年１２月２７日)。 
 
Ｇ．研究発表 
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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
of Clinical Science, National Hospital Organization
l Center, Okayama, Japan; bDivision of Cardiology,
dicine, Kyorin University Hospital, Tokyo, Japan; and
ardiology, Keio University School of Medicine, Tokyo,
received October 11, 2016; revised manuscript received
ary 18, 2017.
e: none.
disclosure information.
g author: Tel: þ81-86-294-9911; fax: þ81-86-294-9255.
s: aiko-oky@umin.ac.jp (A. Ogawa).

see front matter � 2017 Elsevier Inc. All rights reserved.
0.1016/j.amjcard.2017.01.015
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

mailto:aiko-oky@umin.ac.jp
http://www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2017.01.015


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.

2 The American Journal of Cardiology (www.ajconline.org)
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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