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Failure Research Group of the Japanese Ministry
of Health, Labour, and Welfare. Respiratory
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PAH , prostacyclin RCT 3

1. Rubin LJ, Mendoza J, Hood M, et al. Treatment of primary pulmonary hypertension with
continuous intravenous prostacyclin (epoprostenol). Results of a randomized trial. Ann Intern Med
1990;112:485-491.

2. Barst RJ, Rubin LJ, Long WA, et al. A comparison of continuous intravenous epoprostenol
(prostacyclin) with conventional therapy for primary pulmonary hypertension. N Engl J Med
1996;334:296-302.

3. Badesch DB, Tapson VF, McGoon MD, et al. Continuous intravenous epoprostenol for pulmonary
hypertension due to the scleroderma

spectrum of disease. A randomized, controlled trial. Ann Intern Med 2000;132:425-434.

Ann Intern Med 1990;112:485-491.

Treatment of Primary Pulmonary Hypertension with
Continuous Intravenous Prostacyclin (Epoprostenol)

Results of a Randomized Trial

Lewis J. Rubin, MD; Jessica Mendoza, BSN; Michele Hood, BSPh; Michael McGoon, MD;
Robyn Barst, MD; William B. Williams, MD; Jane Hall Diehl, MS; James Crow, PhD; and
Walker Long, MD

PGI2

PAH 24 FCII™ IV
Treatment of primary pulmonary hypertension with continuous intravenous prostacyclin
(epoprostenol). Results of a randomized trial.
Rubin LJ, Mendoza J, Hood M, et al,
Abstract
STUDY OBJECTIVE: To determine the efficacy of continuous intravenous infusion of prostacyclin
(epoprostenol) in primary pulmonary hypertension.
DESIGN: Randomized trial with 8-week treatment periods and nonrandomized treatment for up to
18 months.
PATIENTS: Sequential sample of 24 patients with primary pulmonary hypertension. Nineteen
patients completed the study. Four patients died and one left the study because of adverse effects
(pulmonary edema).
CONCLUSIONS: Prostacyclin produces substantial and sustained hemodynamic and symptomatic
responses in severe primary pulmonary hypertension and may be useful in the management of
some patients with this disease.

Prostacyclin 11 + Conventional 12

Table 1. Demographic and Clinical Characteristics of Patients in Study

Patient Group Sex, Age, y Functional Class Medications during 2-Month Study
Prostacyclin
1 B,53 Ix digoxin, furosemide
2 F, 42 11 furosemide
3 M, 66 111 theophylline, prednisone
4 ¥, 31 v furosemide
5% M, 21 1881 furosemide, spironolactone
6 F, 34 I
7 F, 26 III
8 M, 34 111 ot
9 F, 38 111 furosemide
10 F, 37 111 it
11 M, 30 I
Conventional
1 M, 21 111 o
2 F, 60 v digoxin, diltiazem, furosemide
3 F, 29 I diltiazem, furosemide
4t F, 33 LV nifedipine, digoxin, furosemide
5 F, 52 III methyldopa
6 F, 25 I nifedipine, thiazide
7 R, 52 104 diltiazem, furosemide, spironolactone, metolazone
8 M, 23 11x nifedipine
9 M, 54 v diltiazem, furosemide
10 Ky 35 111 diltiazem, furosemide
111 ¥, 21 v nitropaste, bumetanide
12 F, 15 III digoxin
Not randomized
1t F, 27 v

-11-



mPAP 58.6 49.3 mmHg 2 PGI2
Cl 3.3 3.9 L/min
PGI2 dose 7.9 ng/kg m?

Table 3. Hemodynamic Variables at Baseline and at 2 Months

Treatment Variable Baseline 2 Months 95% CI1 P Value
Group
Prostacyclin
(n = 10)* Cardiac output, L/min 3.3 3:9 0.11to 1.03 0.020
Heart rate, beats/min 83 87 —4.1 to 12.7 0.34
Mean pulmonary artery pressure, 58.6 49.3 —17.7 to 0.91 0.057
mm Hg
Mean systemic artery pressure, mm Hg 88.8 83.6 —11.8 to 1.41 0.157
Systemic oxygen transport, mL/min 577 681 7.92 to 185.68 0.048
Total pulmonary resistance, units 21.6 13.9 —13.1 to —2.2 0.022
Total systemic resistance, units 29.1 22.9 —11.35t0 —1.17 0.039
6-Minute walk, m 246 378 49.8 to212.6 0.011
Conventional
therapy
(a:=9) Cardiac output, L/min 35 3.9 —0.51to 1.38 0.393
Heart rate, beats/min 85 83 —12.5 to 8.7 0.735
Mean pulmonary artery pressure, 62.2 62.2 —891to 891 1.000
mm Hg »
Mean systemic artery pressure, mm Hg 102.9 95.7 —14.2 to —0.3 0.076
Systemic oxygen transport, mL/min 704 751 —124 to 218 0.60
Total pulmonary resistance, units 20.6 20.4 —6.2 to 5.9 0.96
Total systemic resistance, units 34.1 30.3 —11.6 to- 4.1 0.37
6-Minute walk test, m 205 292 21.7 to 135.8 0.022

* Mean dose of prostacyclin, 7.9 & 2.7 ng/kg - min.

N Engl J Med 1996;334:296-302.

A COMPARISON OF CONTINUOQUS INTRAVENOUS EPOPROSTENOL (PROSTACYCLIN) WITH
CONVENTIONAL THERAPY FOR PRIMARY PULMONARY HYPERTENSION

RoOBYN J. BARsT, M.D., LEwis J. RUBIN, M.D., WALKER A. LoNG, M.D., MicHAEL D. McGooN, M.D.,
STUART RicH, M.D., Davip B. BADEscH, M.D., BERTRON M. GrROVEs, M.D., VicTor F. Tarson, M.D.,
ROBERT C. BOURGE, M.D., BRUCE H. BRUNDAGE, M.D., SPENCER K. KOERNER, M.D.,

DaviD LANGLEBEN, M.D., CEsAR A. KELLER, M.D., SriNivas MURALL, M.D.,

Barry F. URETSKY, M.D., LINDA M. CLAYTON, PHARM.D., MARIA M. JOBSIS, B.A.,

SHELMER D. BLACKBURN, JR., B.A., DENISE SHORTINO, M.S., JAMEs W. Crow, PH.D.,

FOR THE PRIMARY PULMONARY HYPERTENSION STUDY GROUP*

12
PGI2 6MWD, QOL, ,
PAH 81 FC ™ IV

mPAP 61mmHg, Cl 2.0 L/min/m?

Table 1. Demographic and Hemodynamic Characteristics at
Base Line, According to Treatment Group .

EPOPROSTENOL THERAPY
CHARACTERISTIC QY = 41> QI = a40)
Age — vyr a0 =+3 a0 +2
Sex — no. (%>
Male 10 24> 12 (30)
Female 31 (76> 28 (70>
NYHA functional class — no. (95)F
x 31 (76> 29 (73>
™~ 10 24> 11 28>
Months since diagnosis 328 25+6
Oral vasodilator therapy — no. (9%) 27 (66> 24 (60>
Mean pulmonary-artery pressure — mm Hg 61 =2 59 =2
Mean right atrial pressure — mm Hg 131 12 +1
Mean systemic-artery pressure — mm Hg 20 =2 89 =2
Mean pulmonary capillary wedge pressure 10-+=1 10+1
— mm Hg
Cardiac index —— liter/min/m?2 2.0+0.1 2.1+0.2
Heart rate beats/min TO =2 86 =2
Systemic arterial oxygen saturation — 9% o1 +2 o2 1
Mixed venous oxysgen saturation — 9% 62 =2 59 =2
Stroke volume — ml/beat a6+3 as-=+a
Pulmonary vascular resistance 16=+1 16+1
— mm Hg/liter/min
Systemic vascular resistance 251 241
— mm Hg/liter/min
6-min walk — m¥ 316 +18 272+23

PGI2 mMPAP -4.8 mmHg 12 PGI2
Cl +0.3 L/min/m?
PVR -3.4 wood units
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Table 4. Hemodynamic Effects of Epoprostencol or Conventional
Therapy at 12 Weeks.*

DIFFERENCE o595
BETWEEN C ONFIDENCE
VARIABLE CHANGE FROM BAsSE LINE TREATMENTS INTERVALT

CONVENTIONAL
EPOPROSTENOL. THERAPY

Mean pulmonary - —4.8+1.3 1L9+1.6 —6.7 —10.7 to —2.6
artery pressure
anm Hg)

Mean right atrial pres- —2.2+1.1 o.1+0.9 —2.3 —5.2 to 0.7
sure (mm Hg)

Mean systemic-artery —a.8+2.1 —0.9+1.7 —3.9 —9.6 to 1.7
pressure (mm Hg)

Mean pulmonary-cap - o412 —1.0*+16 1.4 —2.5 to 5.3

illary wedse pres-
sure (mm Hg

Cardiac index (liter/ 0.3+0.1 —0o.2+0.2 o.s 0.2 to 0.9
min/m=)

Heart rate (beats/min) —0.9x2.5 —1.8%+15 o.9 —5.2 to 7.2

Systemic arterial oxy- 2.0+1.6 —0.6+1.4 2.6 —1.8 to 7.1
sen saturation (%)

Mixed venous oxysen 1.2+1.8 —2.6+2.0 3.8 —1.6 to 92
saturation (%)

Stroke volume 6.6+22 —3.5+3.3 10.1 2.5 to 17.8
aml/beat)

Pulmonary vascular re- —3.4+0.7 1.5+=1.2 —a.9 —7.6 to —2.3
sistance (mm Hg/
liter/min)

Systemic vascular re- —4.0=*1.0 2.1+14 —6.1 —9.5 to —2.8
sistance (mm Hg/
liter/min)

PGI2 100% 12 PGI2

100 4~

80 iy P W —
2 eo0-
=
=
g 40 4
wd

20 4 —— Epoprostenol (n = 41)

=== Conventional therapy (n = 40)
o T T T T T T
O 2 4 (53 8 10 12

Week

Ann Intern Med 2000;132:425-434,

Continuous Intravenous Epoprostenol for Pulmonary Hypertension
Due to the Scleroderma Spectrum of Disease

A Randomized, Controlled Trial

David B. Badesch, MD: Victor F. Tapson., MD: Michaecl D. McGoon, MD: Brucce H. Brundage, MD:
Lewis J. Rubin, MD: Fredrick M. Wigley, MD: Stuart Rich. MD: Robyn J. Barst. MDD:

Pamela S. Barrett. PharmD: Kenneth M. Kral. MS: Maria M. J&bsis, BA: James E. Loyd, MD:
Srinivas Murali, MD: Adaani Frost. MID: Reda C is. MB. BCh: Robert C. Bourge, MD:

David D. Ralph, MD: C. Grego Elliott. MD:
Robert J. Schilz, DO, PhD: Vallerie V. MclL:
Shelley Shapiro, MD. PhD: Thomas A. Medsg; Jr.. MD: Sean P. Gaine. MB, BCh: Evelyn Horn, MD:
James C. Decker, MS: and Katharine Knobil. MDD

“holas S. Hill, MD: David Langleben, MD:
1lin, MD: Ivan M. Robbins, MD: Bertron M. Groves, MD:

12
PGI2 6MWD, , )
SSc spectrum PAH

OBJECTIVE: To determine the effect of epoprostenol on pulmonary hypertension secondary to the
scleroderma spectrum of disease.

DESIGN: Randomized, open-label, controlled trial.

SETTING: 17 pulmonary hypertension referral centers.

PATIENTS: 111 patients with moderate to severe pulmonary hypertension.

INTERVENTION: Epoprostenol plus conventional therapy or conventional therapy alone.
MEASUREMENTS: The primary outcome measure was exercise capacity. Other measures were
cardiopulmonary hemodynamics, signs and symptoms of pulmonary hypertension and scleroderma,
and survival.

CONCLUSIONS: Continuous epoprostenol therapy improves exercise capacity and cardiopulmonary
hemodynamics in patients with pulmonary hypertension due to the scleroderma spectrum of
disease.

mMPAP=35mmHg PVR=3WU
PGI2 6MD

-13-



WHO-FC |11 75%, IV 23%
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Ann Intern Med 2008;149:521-530.

Addition of Sildenafil to Long-Term Intravenous Epoprostenol Therapy
in Patients with Pulmonary Arterial Hypertension

OBJECTIVE: To investigate the effect of adding oral sildenafil to long-term intravenous epoprostenol

A Randomized Trial

Gérald Simonneau, MD; Lewis J. Rubin, MD; Nazzareno Gali¢, MD; Robyn J. Barst, MD; Thomas R. Fleming, PhD; Adaani E. Frost, MD;
Peter J. Engel, MD; Mordechai R. Kramer, MD; Gary Burgess, MD; Lorraine Collings, MSc; Nandini Cossons, MD, PhD; Olivier Sitbon, MD;

and David B. Badesch, MD, for the PACES Study Group*

in patients with pulmonary arterial hypertension.
DESIGN: A 16-week, double-blind, placebo-controlled, parallel-group study.

PATIENTS: 267 patients with pulmonary arterial hypertension (idiopathic, associated anorexigen
use or connective tissue disease, or corrected congenital heart disease) who were receiving

long-term intravenous epoprostenol therapy.

INTERVENTION: Patients were randomly assigned to receive placebo or sildenafil, 20 mg three
times daily, titrated to 40 mg and 80 mg three times daily, as tolerated, at 4-week intervals. Of 265
patients who received treatment, 256 (97%) patients (123 in the placebo group and 133 in the

sildenafil group) completed the study.

CONCLUSION:

-14-




In some patients with pulmonary arterial hypertension, the addition of sildenafil to long-term
intravenous epoprostenol therapy improves exercise capacity, hemodynamic measurements, time
to clinical worsening, and quality of life, but not Borg dyspnea score. Increased rates of headache
and dyspepsia occurred with the addition of sildenafil.

PACES study PGI2 + Sildenafil in PAH
WHO FC-I11 65%, IV 5~ 8%

IPAH 80%, CTD 12%

PACES study PGI2 + Sildenafil in PAH 6MD

Figure 2. Changes from in inute walk
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PACES study PGI2 + Sildenafil in PAH

Figure 3. Kaplan—Aeier plot of time to clinical worsening.
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Eur Respir J 2014;43:1691-1697.

Upfront triple combination therapy in
pulmonary arterial hypertension:

a pilot study

Olivier Sitbon'?3, Xavier Jais'??, Laurent Savale’

2, Vincent Cottin®,

Emmanuel Bergot®, Elise Artaud Macari'??, Héléne Bouvaist®, Claire Dauphin?,

Francois Picard®, Sophie Bulifon'?3,

Gérald Simonneau'?

WHO FC-111 42%, IV 58%
mMPAP 67.7 mmHg, Cl 1.64

mPAP 65.8

Cli7

3.6

TABLE 1 Patients’ baseline characteristics

Subjects
Age years [range)
Females
Idiopathic/heritable/anorexigen-associated PAH
BMPR2 mutation carrier n/n tested (%)
NYHA functional class II/IV
6-min walk distance m
Haemodynamics
Right atrial pressure mmHg
Mean pulmonary arterial pressure mmHg
Pulmonary capillary wedge pressure mmHg
Cardiac output L-min”'
Cardiac index L-min~"-m™2
Pulmonary vascular resistance dyn-s-cm™®
Mean blood pressure mmHg
Heart rate beats per min
Mixed venous oxygen saturation %

44.4

David Montani'?2,

Marc Humbert' 22 an

19

39.4+14.2 (18.1-63.1)

17 (89)
9/10/0
10/13 (77)
8 (42)/11 (58)
215+174

12.245.2
6774158
83+3.4
2.8340.77
1.64+0.34
1807 +722
91.7+12.2
9234107

50.1+9.0

TABLE 7 Functional class, 6-min walk distance (6MWD) and haemodynamics at the baseline, month 4 and final follow-up visits

6MWD, mPAP, CI, PVR

Baseline Month & visit Final follow-up visit?
NYHA FC I/IAV n 0/0/8/10 116/1/0%* 4/14/0/0*
6MWD m 27417 463496 514410521
Haemodynamics
RAP mmHg 119452 49449 52435
mPAP mmHg 05.8+137 4574140 LhA+134
PCWP mmHg 84435 67432 719428
Cardiac index Lmin”"m? 1664035 3494049 3.46+045
PYR dyn-s-cm® 17184627 564+ 260** 4924209
Mean BP mmHg 9214125 80.1+11.7% 8494194
HR beats per min 9234107 83.9+9.8* 7994134+
50, % 51.0485 69.745.2% 722440
Dose of epoprostenol achieved ng-kg™ min" 0 159419 196460
Upfront triple combination therapy
a) 800 b) 1004
700+ 904
£ oo - o
5 soof @ £ 79 -
o - = 60
% 400+ & 504 -
Z 300 S 40
E 200+ B ' £ 304 =3
= ol
100 10
o o
Baseline Month 4 Final\f/ci)le?w—up Baseline Month 4 Final \flciyslttow—up
&y 54 d) 3500
"“E 4 3000+
= -“ . 2500
_i 3 '+ Z 2000
2 2] = f 1500
% [f-tj < 1000 ] Ii] 7
3 " 500-] I_;]
g Baséline Mon‘th 4 Final f9’l¥owfup 9 Baséline Mon‘lh 4 Final fél!owfup
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CQ1
Answer:

mMPAP  25mmHg
CQ2

Answer:

CQ3

3-1 PAH
A:

3-2
: TVPG 31mmHg PH
TVPG45mmHg PH

3- PH
A: X

cQ
PH PH

3-4
CTEPH

3-5
PAWP15mmHg PVR 3 WU

3-6 PAH
A:

cQ

3-7 BNP NT-proBNP
A: PH

CQ4
A:

CQ5:

WHO WHO-PH
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pulmonary arterial hypertension: PAH

PVR 3Wood Units WU

PH

CT

mMPAP  25mmHg



5-1 WHO class1 PAH

-2 WHO class 2 PAH

5-3 WHO class 3 PAH
ERA PDE-5I
PH

5-4 WHO class 4 PAH

1) 1
2)

5-5
WHO class1

5-6 PGI2
WHO class 3 PH
5-7
WHO class 3 Class 2

5-8 IPAH/HPAH
PGI2

5-9

5-10 IPAH/HPAH

CQ6:
A:
30

Ca

ERA PDE-5I

PGI2

PGI2

2 3 IPAH/HPAH
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50mmHg

ERA PDE-5I

WHO class 4
45mmHg

90%

25mmHg

BMPR2



NPO PAH

(Chronic thromboembolic pulmonary hypertension)
1996 450 1998
2009 CTEPH

25 2140
2012 2015
balloon pulmonary angioplasty
clinical question (CQ) evidenced based medicine
CQ CQ
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evidenced based medicine

2.
3.
CcQ
2015
2012
2015 balloon pulmonary angioplasty
4.
2014
6 6 2014
CTEPH
7 26 147 16 CTEPH
cQ
12 19 2014
Minds
CcQ

cQ
2015
6 12 2015

CcQ
4 0401
6-7
7-12
2016
1 CTEPH
5.
4 37 CQ
1966—-2015 Pubmed Cochrane review
Cochrane Review Chronic thromboembolic pulmonary hypertension, Chronic pulmonary
embolism, Chronic pulmonary thromboembolism 3 CQ
Pubmed/Medlie 2015
2012
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2015 balloon pulmonary angioplasty
New England Journal of Medicine, Circulation, The Journal
of Amerian College of Cardiology, European Heart Journal, American Journal of Respiratory and
Critical Care Medicine, Preceding of American Thoracic Society, Chest, European Heart Journal,
European Respiratory Rreview, (Circulation Journal, Respiratory
Investigation, ) 20

goooNOoOdeE
N’ N’

gOmwW> WNE

N

24-25

10.
Minds 2014

@

1. 25mmHg
2. 15mmHg

segmental defects

1. pouch defects 2. webs and bands 3.intimal irregularities

4. abrupt narrowing 5. complete obstruction 5 1
CT
CT 1. mural defects 2. webs and bands 3. intimal
irregularities 4. abrupt narrowing 5. complete obstruction 5 1

(2
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N

-40mmHg
3. TAPSE
1.
2. AaDO,
X
1.
2.
3.
1.
2.VvV1 R
3
4)
1.
2.
3.
4.
5. HIV
6.
7.
8.
9.
10.
11.
©)
1)
2)
3)
4)
5)
1)
a)
b)
c)
d)
2)

5

AaDO, 30Torr

CTR 50%

R/S 1 V5

BPA PTPA

BPA PTPA

BPA PTPA
BPA

PaCO,

S

7

35Torr

PaO,

R/S 1

sIU))
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CT

70Torr

CT

18



a) CT
b)
c)
NYHA WHO Stage 2
NYHA
WHO WHO-PH
/
Stage mPAP PVR PaO, (Torr)
Stage 1 | WHO-PH/NYHA | MPAP 2 25
mmljg
Stage 2 | WHO-PH/NYHA 11 MPAP 2 25 Pa0, 70torr
mmHg
Stage 3 WHO-PH/NYHA 11 MPAP 2 25 PaO,<70torr
mmHg
WHO-PH/NYHA I1 MPAP 2 25
mmHg
WHO-PH/NYHA 111 IV MPAP 2 25
mmHg
Stage 4 | WHO-PH/NYHA 11l IV MPAP = 30
mmHg
PVR > 1,000
Stage 5 | WHO-PH/NYHA | dyn.s.cm™® 12.5
Wood Unit)
mPAP PVR PaO, Stage
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