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Lowering mPAP as a Treatment Goal in PAH
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Duration from diagnosis
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1 year  ：69.7%

3 years：40.2%

5 years：38.1%

中西宣文：“Ⅱ肺高血圧症 疫学と予後”新目でみる循環器病シリーズ16． 肺循環障害 第1版 メジカルビュー社：45, 2007［L20071217077］より改変

 Data from National Cardio Vascular Center

Survival of Japanese Patients with I/H PAH before 

approval of Epoprostenol



D'Alonzo GE et al. 
Ann Intern Med. 1991 Sep 1;115(5):343-9..



Survival of SScPAH patients

Mukerjee D et al. 
Ann Rheum Dis 2003; 62:1088–93.

P=0.8 P<0.01



The adjusted hazard ratio for mortality according to mPAP

Maron BA et al. 
Circulation 2016;133:1240–8.



Riedel et al, Chest 1982: 81: 151-8

Lewczuk et al, Chest 2001; 119: 818-23
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Reported Survival of the Patients with CTEPH



Background

 Pulmonary hypertension has been defined by abnormally high PA pressure.

 High PA pressure would increase the mortality of PAH patients.



Delcroix M, et al. Circulation 2016

3-year Survival:
Operated = 89%

Not Operated = 70% 

Survival of the Patients with CTEPH treated by PEA



Ogawa A, et al. Circ Cardiovasc Qual Outcomes. 2017 Nov;10(11). pii: 
e004029. doi: 10.1161/CIRCOUTCOMES.117.004029.

Mid term survival after BPA
308 patients treated in Japanese 7 centers between 2004 – 2013



Mid term survival after BPA
308 patients treated in Japanese 7 centers between 2004 – 2013

Ogawa A, et al. Circ Cardiovasc Qual Outcomes. 2017 Nov;10(11). pii: 
e004029. doi: 10.1161/CIRCOUTCOMES.117.004029.

From the initial BPA From the final BPA



Effect of High Dose CCBs on Survival of the 

Patients with PPH

Rich S et al. N Engl J Med 1992; 327: 76-81.

mPAP 56.9±14.1 →   35.2±13.1mmHg

Responder 17cases

Non-responder 47cases



Background

 Pulmonary hypertension has been defined by abnormally high PA pressure.

 High PA pressure would increase the mortality of PAH patients.

 Lowering mPAP in some PH patients could show the improvement of survival 

irrespective of the type of treatments.



Drug Amount Pts.No. Duration 6MWD mPAP

Beraprost(1) 360μg/day 44 12w +33.4m -2.8mmHg

Bosentan(2) 250㎎/day 16 12w +70m -1.6mmHg

Ambrisentan(3) 10㎎/day 29 12w +36.1m -5.2mmHg

Macitentan(4) 10㎎/day 49 24w +12.5m -5.3mmHg

Sildenafil(5) 60㎎/day 65 12w +45.0m -2.1mmHg

Tadalafil(6) 40㎎/day 79 16w +33.0m -4.3mmHg

Riociguat(7) 7.5㎎/day 241 12w +35m -4mmHg

Selexipag(8) 1600μg/day 33 16w +14m -3.1mmHg

Treprostinil(9) <22.5ng/kg/min 134 12w +10m -2.3mmHg

Epoprostenol(10) 9.2±0.8ng/kg/min 41 12w +47m -4.8mmHg

(1) Kunieda T et al:  Int Heart J. 50:513-29, 2009 (2) Channick RN et al:  Lancet. 358: 1119-23, 2001

(3) Galié N et al:  J Am Coll Cardiol. 46: 529-35, 2005 (4) Pulido T et al. :  N Engl J Med. 369: 809\18, 2013 

(5) Galiè N et al:  N Engl J Med. 353: 2148-57, 2005  (6) Galiè N et al:  Circulation. 119: 2894-903, 2009

(7) Ghofrani HA et al. N Engl J Med. 369:330-40, 2013  (8) Tanabe N et al: Circ J. 81: 1360-1367, 2017  
(9) Simoneau G et al: Am J Crit Care Med. 165: 800-4, 2002 (10) Barast RJ et al: N Engl J Med. 334: 296-301, 1996

Changes of mean PAP by each monotherapy



Outcomes in Children With IPAH

Yung D et al. 
Circulation. 2004;110:660-665.



0

20

40

60

80

100

120

0

20

40

60

80

100

120

0

20

40

60

80

100

120

Changes of mPAP in I/H PAH patients treated at OMC

Dead cases

(n = 13)

Combination with PGI2

(n = 43)

Oral combination

(n = 20)

Baseline Follow up Baseline Follow up Baseline Follow up

mmHg mmHg mmHg

(5.3±3.7 years) (6.9±5.0 years) (3.9±5.4 years)

Unpublished data.



Speculated pathological change treated with PAH-specific 

drugs to maximally lowering PAP. 

Akagi S, Matsubara H, Nakamura K, Ito H.

J Cardiol. 2018 Jun 10. pii: S0914-5087(18)30137-0. doi: 10.1016/j.jjcc.2018.04.014. 



Aug 2007 diagnosed as IPAH, FC III  

prescribed Bosentan

Oct 2007 deteriorated to FC IV  

referred to OMC 

On admission 

PAP   131/60(86) mmHg

CO/CI  2.9/2.1

PVR    25.2 WU

BNP           717pg/ml
6MWD            0m
DLCO        51.6%

IPAH 33y.o. female

22/Nov/2007



122/46(66) mmHg
4.4/3.2
10 WU     

35/12(23) mmHg
6.0/4.2

2.2 WU
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100
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PAP   131/60(86) mmHg
CO/CI  2.9/2.1
PVR      25.2 WU

18/Jan/2008 19/May/201122/Nov/2007

PGI2 37.5 ng/kg/min
Bosentan     250 mg

PGI2 83.7 ng/kg/min
Bosentan     250 mg
Sildenafil         60mg

PGI2 0 ng/kg/min
Bosentan     250 mg

IPAH 33y.o. female



22/Nov/2007 19/Mar/2011

IPAH 33y.o. female
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Clinical course（ 33 y.o. Female, IPAH）



Relation between Survival and Lowest mPAP
Achieved after Medication

Ogawa A et al. 
LifeSciences118(2014)414–419.



Early group Late group P

(n=13) (n=11)

Age at Dx （y.o.） 28.5 ± 8.3 24.6 ± 11.6

male/female 3/10 4/7

IPAH/HPAH 1/12 1/10

WHO Functional Class (II/III/IV) 0/11/2 1/7/3

BNP (pg/ml) 338 ± 448 382 ± 328 0.79

RHC at Dx

mPAP (mmHg) 59.8 ± 11.8 64.7 ± 14.9 0.38

CI （L/min/m2) 2.3 ± 0.6 2.3 ± 0.6 0.77

PVR (dynes・sec・cm-5) 1305 ± 434 1313 ± 528 0.97

Mean ± SD

Initiation Timing of Parenteral PGI2

-patients’ characteristics (1)-

Unpublished data.



Early group Late group P

(n=13) (n=11)

Therapy duration （y） 7.3 ± 3.0 6.9 ± 2.8 0.78

ERA/PDE5I～PGI2 (day) 39.1 ± 53.4 642.2 ± 361.1

Epo/Tre 12/1 11/0

Dosage of PGI2 (ng/kg/min) 82.4 ± 39.3 73.3 ± 48.2 0.61

Oral drugs

ERA 12 10

PDE5I 10 6

Mono（ERA or PDE5I） 4 4

Dual（ERA + PDE5I） 9 6

Mean ± SD

Initiation Timing of Parenteral PGI2

-patients’ characteristics (2)-

Unpublished data.
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Unpublished data.
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P=0.0

3

Early group

Late group

Log rank

P=0.044

Patient at risk

Early 13 13 13 7 4 2 1 1
Late 11 10 10 8 4 2 0 0

Long term survival

Unpublished data.



Dosing of Epoprostenol in Patients Treated in 

OMC and Okayama University Hospital 

Tokunaga N, et al. J Cardiol. 2016 Dec;68(6):542-547.



Relation between Changes in mPAP

and Increasing Pace of Epoprostenol 

Tokunaga N, et al. J Cardiol. 2016 Dec;68(6):542-547.



Relation between Patients’ Survival and 

Increasing Pace of Epoprostenol 

Tokunaga N, et al. J Cardiol. 2016 Dec;68(6):542-547.
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Changes of mPAP in I/H PAH patients

mPAP < 40mmHg; 51 patients

mPAP < 25mmHg; 24 patientsmPAP < 30mmHg; 35 patients

(Apr 1999 – Mar 2019, n = 67 )
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Patients after 2008 (n = 29)

P=0.022
Patients before 2008 (n = 24)

Transplant free survival of patients with I/H PAH treated with parenteral PGI2 in OMC

(Apr 1999 – Sep 2018, n = 53 )

End point = disease related death

Unpublished data.
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1 year  ：69.7%

3 years：40.2%

5 years：38.1%

中西宣文：“Ⅱ肺高血圧症 疫学と予後”新目でみる循環器病シリーズ16． 肺循環障害 第1版 メジカルビュー社：45, 2007［L20071217077］より改変

Data from National Cardio Vascular Center; before approval of Epo

Improved Survival of Japanese Patients with I/H PAH

10 years ：70%

15 years ：62%

Data from Okayama Medical Center; after approval of Epo



Reversal of pulmonary vascular remodeling after 
unilateral lung transplantation（40y.o. female）

Levy NT et al. J Heart Lung Transplant. 2001 
Mar;20(3):381-4.





Speculated pathological change treated with PAH-specific 

drugs to maximally lowering PAP. 

Akagi S, Matsubara H, Nakamura K, Ito H.

J Cardiol. 2018 Jun 10. pii: S0914-5087(18)30137-0. doi: 10.1016/j.jjcc.2018.04.014. 
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Clinical course（ 31y.o. Female, IPAH）

Bosentan 62.5mg Macitentan 10mg

Riociguat 4.5mgTadarafil 20mg

Epoprostenol Treprostinil



on admission 8 months later 1.5 yrs later

31 y.o. female (IPAH)

on admission 8 months later 1.5 yrs later 4.5 yrs later

FC VI II I I

6MWD (m) 80 330 400 -

BNP (pg/ml) 312.6 <5.8 9.6 10.3

PAP (mmHg) 77/33 (51) 24/11 (16) 20/12 (16) 26/4 (14)

CI (L/min/㎡) 1.7 4.2 3.1 2.7

PAH-targeted
drug

-
epoprostenol 68.4 ng/kg/min

bosentan 62.5 mg/day

treprostinil 60.6 ng/kg/min

bosentan 62.5 mg/day

macitentan 10 mg/day

riociguat 4.5 mg/day

4.5 yrs later
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78.3 ± 23.2 ng/kg/min Epo 3 patients
Trepro 3 patients

66.0±10.4 mmHg

21.8±7.2 mmHg 19.7±6.9 mmHg 20.5±10.7 mmHg

Unpublished data.



Summary

 Lowering mPAP could be a treatment goal of I/H PAH patients. 

 Early initiation and quick up-titration of parenteral PGI2 with upfront combination 

use of other oral drugs would be the key for success. 

 By achieving improvement of hemodynamics, I/H PAH patients can survive more 

than 15 years without experiencing deterioration.

 Parenteral PGI2 could be safely stopped after achieving normalization of 

patients’ hemodynamics.


