P ———————

EP EERORAHR

BIhLATRD4DIZHITONS.

- PAH : TR OFKH CORNEDR, %
12X % d DT, IPAH & HMU LIBFURYEPHO E 32
WETH 5.

- BVERERSZE S & APH - IEMEMIRZEIC &
HEOLEAOAMICLZ b0, FERCX, MH
HEMIFRZE AR < T HMITHIREEFH P EA255
ZWEEbhTwb,

- A AR ZEARSE S & A PH ¢ il > > F
TIPAH & ERITTHE 4 XA BIIR LA L% 2R3 5
134~ 7 ol dn AR ZEHAE & 885 AT 1 722 55 P Al
TIARLAT % BA2E3 2 18Pk 3 27 o i B 2Rl
FFohs. H) REPEERRETA LIS
TV, BEOPAHTIRE 22T 5.

- B EhRRAE O M4 221 & APAH @ SLER &
MRS & THEND 5.

3) BERMEPHOBREE T4

TBEGEMEPH & IPAHOK & 25l i, IBERH
PHTIZMEDOFERAEICHI L T B A1,
PHOSGIE R WA HBHEETE 5 WhkEASH v, PH
DERBEABILNTEL DL L
TdHhb. TDDEIHEOMCTDWFFEHE Tl
MCTD®:>x 2 — KA % i 15 & (CRERNOIC EISE
L CPHOHARBOBN XA TS, ThET
OHETIZX 5 &, MCTD®PH® 1/3 iIMCTD
ZHECIKBELTEY, ThUEDBMCTD
TWRER D O B EHICRIET 5 £ 9 TH
5. LHUEMCTDSERS 1 4ELAPHICPHASSEIE L
TWb,

EHROZAE, LTLIEO—BELLE
LI TRARL, FHAILKRN BRI 2H LB
DPHERBFHEAREEICHTONDL Z L%
L7 SErErfiric L b PRELCETEL
THIB &M TE 2D DX, HiFed: TNk
JiE, BILGEREE, S7IEREHoN, B AR
MRS, BB, TRBEE LAY» Do
oo RS ERENT CILEE 5NN %L, PHOTERDS
150, $haBiEsE L5, SSclMiod iz ¥ 2 A
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sz £ L TPM/DMOBITILNE % i 7= 3 HI D
LEMTPRERRTHo . HRETHRTRED
ML DWW T ZOMMIEARWTH Y, SHRRH
TAREPMTH 5.

4. BRREPHDE

IBEHYEPH S IPAH & JEARMICIXED D X%
VA, N TIXIPAHD BRI T S vk nwii
PEPMFGE L E OB b H X S b, B
WMEBWOMBEEITIZ Flz .

PHOBHIHETH o L bEPREIC L ENHD
Ry 7 —bra— L/ LHTF—FVIRHET
HbB. LHOHT—FVREEMEALCTVIEY
Vo FUMED SR L hvnicw, EEGHE
MCTDWFSEHET X, MCTDIZ BF A PHEZIROF
FIEPZERL TS (|). WETICH2h, @
PAHO W IIMTIIRE N & %2 L3 E 5, @
PAHOBWHI XA LD 7 —F VARIRITLEE L
BWHHHRMICHEIE 3 2, QPAHDOBHIICLE
s T 2 — A T OHE EM B IRILHEWIE (esti-
mated pulmonary arterial pressure : ePAP) @
BARN B % 3Rk 3 %, @PH % "M 3 5 ERIRET
Ricb#EB$%, GPHTIE & {, PAHO B O
FHl&L¥5, O5HEZHAHE & L. PAH
B oMt L 2 5 ePAPEILX I — O v 2 WL S
KOPHEWT - BRVA FI54 ATRBSIhA L
5142, 50 mmHgll LixWEEEAYER IS L, 36
mmHgRIHITHTEN & Lz, U BEH IS
PHH KUNMICIZ Z 0Bk 2 HE i< & 527k
At Y, ZDRYHEIZOVTHRIEETETH 5.

% BIMRIARIEIC X %5 b DIXFATIYICIRE T
& LW HEVEDD B oD, PHAZHT S N/SHE I
i, FHIE LTt >+ 75 7 14 —Hdki%
THIRETH 5.
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PSS MEEERSWEFRR. RERR
A. SHEBORIN
BE ARG
BIFBIIREF DT
5 X R TCOMBIRERBOIHAD BT ETISORY
DBE EOBNMEXDHIVIEEAT
. BNP #/zl& NT-ProBNP E{&E
%VC/%DLco=1.4
S REIINE

I

TIRBERRE

L | -

SRR HEHHRREEE | BB
<36 mmHg 37 ~ 50 mmHg >50 mmHg

I :

A D 4 BB bESEY AD 4 BB LZEHEICT

RERTORAIU—-=2I M

LA

:

PAH (FEEN
(BHRSETEN A ER) D

E{ANAA Y4 ={A)

PAH &L PAHS

y

BONTF—FIVREEHRE Y

1. MCTDIEMEELZEHOFIE (XR7 &)
ZE 1) MCTDRETIIMBIEEZTRY DERIKMR, REMBELSELTD, DREA
ERBREZTICELHERLL. 2) BBEEES mmHgEERE. 3) HEERMEIERIE
ELADHBMEEZEREYT S5 A—5—THDHBRAEREEDO LR, FHBHR
DEZERHFHBOERE, ADROEOEA, DETROERDLUREDRE, A=
BEORIN, EHBIROILRZRDDBEICE, HEMBIRRGEBED 36 mmHgRITT
HoTHIELLED | FURICEIMHT D LHNEFE LV, 4) BLHhTF—FIRED
BT CERVESICIHEBEICRBRRL, ARETOBVNESETS 3 hARICDRBE

BREZ{TVVEEY . 5) WBMEFEOIRKS R, EERFEDH,

JBRRBAMAEY

[CEOAT—TIVREZHTI DT EHEELL.

5. BRREPHDAEEST

Bi< 7 o mRZEREPHIZ IXNRHOERIZE
T B DS, NBEBIENRD S S DL, RUER
AP EM 21T . U DOKES
OBEBEPHIERIEHMMEEODDTHY, ¥
ZIPAHIC LIX LISRIEREMNED S 2o, 0
BOTEL AIPAHEBUP LREBERL TS &
EZx o Twnb, ZOIPAHEBOBEHRMEPAH
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DHMEMBICT DL L,

MR MICHURERE R MAT 5.

c BLAOBRBOD, H MR
HEHAWS., |

CAEREDEECT, KHICED, PHOHME
RFCdh HEE, RYE, Rk, Hm, B -
KRGO, FHRE EFOBRKIED
5.

PHIZDOWTIE 3 0D EHARFEISEZLONTE

D, ThEFNICHTHEAPHEBRSATETY
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I NYHAT | NYHAD | NYHA IV
I A || sPIuEY SV A || sTRIORT/—IL A
(VI Y) A RtEZEY A FIUEIHC
ILFFILIA || IFFIALA sfitzvs C
+Ca IEHiE B CIRIORF /=LA || ¢FF T4 C
5F574)L B 595 74)UB IS5 I4)LC
RSTOANRE | | #XSTORRC —
\_ : VAN — : :
3 ]
i bl o DBCRRRRE - |
| | ofHRHE ;
: A4 A 4
v v b » $iE#O% | Prostanoid
» ETR iEA5%
Yk PDES fE®sE  OMT

<

B2 MCTDSHISMEEDREN FS42/(20114F) (Xiik11 & b)
- BRIRDBROTZ IV I 7Ry ME. X9 [CKHHRETHD. BUMHLE
EDORTIEABCIRICERIRZEE U, BARTEITSINTULSRAICRE L

TaLk.

iR UIEEATIENYHA (New York Heart Association) MELL
FICEBEMODIRESN TSI, NYHA IEDOETIEA Y IEAHIT .
CETRIBIEE : T RV VEBHENE (P JUtyY Y, R )

PDES PSS : IRARIIRATFS—ESREE (VILFHFD7 0, 94

F574I1)

5, FFNEY CEMYD D, HFNTE
MoOMFPHWHTHELY FY 2N T5H
bDOTHD. TOTHEMICHT I HFES
NTWb, 2HFEHISENOREEASH 5. —BHLE
# (nitric oxide : NO) MR EATH Y,
Z NLdsecond messenger Tdb A cyclic GMP #4%
#t-4 % phosphodiesterase5 % % (39 2 ¥ W A¢
pisgEah T s . 3FEICIETOR YL 2) ¥
BAHDH. Ay A 21 V(prostaglandin
I : PGL) b IEIWIRWICH H, Zhofiidly
THHIEIh TV A,

IPAHDEWRT A FI 4 2220w Tid, RET
X7 A A AEBEMIS (American College of
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Chest Physicians : ACCP) At ¥ 7 ¥ AT
WsPHICF 244 FF 4 % 2007 4EI28ET L
TWb, F 22 WHO* 2008 4FtZDana Point TD %%
HETHEILEWRBE DN A F 54 Y 2BEP LTV A5,

IBEURMEPHORHC B W TIPAHDER A A K
A vEbo bR D MIE, AT KO
WTHB. R, FLFEofFITAONLE,o
727%, 2006 4E I retrospective Tld & % 4%, £H
B RIEPHIHE N T 2 MEOH L Sh, D
IS HRRS A cho28F 2, MCTD
BECBWTIEIE L/ A K54 VOB S I
(R2). Z2DHA FIA4 20 LTHRIEI LB
Thb.
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KEY WORD
BER, MSmnEE

FERRREHERFERR) 77 F - BEEARE
wig FHHURBE  voshida Shunji

BRI MERE(CTD-PH) O
TRBEMAKEDHIER

b R L S AR 0 B
I!& I 9% T Il & L JE AE (pulmonary
hypertension : PH) At B & h X
DL, B A% E S M K (mixed
connective tissue disease : MCTD) =
BUBREDSHICEL BH(H1)e 2
Y, MERTFHERIFEEZOATWVE
MCTDO#—OWEAHMPPHTH o2 &
&b, SOz, BEMRERIZET
HPHOBEEIC DV THE AR 81t
I 4 48 OMCTDM 3 WF %8 ¥t ¢
19984F 12 Ik St 12 25 SR T & [E 4
MAEEFToRY ThiCE B L,
MCTD 16514 «#'PH& fif 61 (38361
(502%), &H%TVFIr—FA
(systemic lupus erythematosus :
SLE) T9,015%1 #18241(0.90%), & K
3 (systemic sclerosis : SSc)C 3,778%1
P10061(264%), %RV S - KR

#¢ (polymyositis/dermatomyositis :
PM/DM) T3,3496 411961 (0.56%) 1= &
S5h7:(R2). $¥5EEPAH (idiopathic
pulmonary arterial hypertension :
IPAH) D~ AT B 2 FiHAH
1005 AH7291~5AThHs L%
ERBE, ZOBEW4BEBOPHE
FFERFLIHENWZ L DbI S, &
NODOBFRERENIPHERI L2
B, oF HEIRITROMI S NIHERT
Hbo ZNLUIMIEERBED & WPH
PRATWLWEESEL O
&, 20034 LA BB DO B
WC, SERDAFEIZH Db b 3 EE
ATHNE U B RS BB ICPHOMRE
17> &% ¥ % EMCTDTI60%,
SLET9.3%, SScT114%ICPHA A5
h(X2), BREFEOD HPHE M#
NP D JEHE IR DPHDAEFI A% A
b, CTHIZPHERE ) BiEORL

420

N VIBERHEE T D ZOWEOLE
R LERBELTY A, PHICHT 5
WHOD ¥ ¥ B Y7 ATH, SScliili
#FEB(DF YSSck MCTD) T, fiEdk
DHEREI b L FHELT
- TRETHHLEL TV,
bHEOLROMEHUL, RicH
FARAKOME CHRFT S
(B2)o ¥ %&b bk Ko0MERE O RE
i2&BE, MCTDCIRFERERBIT

11.7%, Lxa—#H7ECciE191%, SSc
TH EEERZC159%, LT I—

FHT21.7%ICPHAA LT,

L8k E (cDoppler: st I — B4t i
X HHEERMBIREIC L2 3DTHD,
gold standard T B LA F—F WV
BECLEDOTHRHEV, TORIC
MLT, 79284 %7 TSScHh
# O v CHE & I B IR FE A*40mmHg LA
kA, A HEkGE 71 (DLCO) %%50%

TIGE Vol2d o |
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BEREIEREMEE R EON T — FRETCOEFECEHETH DI VRSN L,
BURFRIEMESMEEDRENERL, BRCUBREN S, AXCHETIIMCTDSLEN B,

Kili, DA VIEMTHHETELWE
5 T VW R A D B YA I LA
F=FVRERT o LREID D B,
ZhiZE B &7 5 v ATIZ467HI25
B(5%), 4 %17 Tb698H 13961
(6 %) 4504 7 —F VB TPHE
Zrahiz, o hgold standard®
FHEx W TH, SSckizlLdEd 3
IR CEPHA M TH D T LA
BRIUICHEE SN EiCh b, ZDH
KBTIt HERTHHKRTHEWI
Zwitlbis,

BrREDIRER

1. BRER2B03E

72 7CTD-PAH® JL B 5 18 % {6k 3
THhbE, RizoTL %o

4[5 9% 55 J A& T 1328450 H1SScht
35.2%, MCTD#%29.2%, SLEi%289%
Th by, 8RB KE THI06
SScid19% & 4% {, MCTD#%43%,
SLEH29% £ % o 72(H3)s &6
& L © H 10360 b, SScld22%,
MCTD#10%, SLE#38% T o 7z,
—7J5, WK TRSScA6~T8END
%<, MCTDix L #IBATF & 2o Tw
5o 2 F Y ERKTIISScOBENH L
(%<, HBARPETESLERMCTD
IZZWERAA 5D, MCTDIZHMR
Bar sy LOMELTE ST, SLE
RSScHMBERZ bR BHI L b A%
v, & DK TERMCTDA
SSct #lir ShTWwaA gL H 2
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Fre 26%
BUHEY 26%
HILERE 2.6%
81k 26%

EhERE 77%

BFe 7.7%

BHE 7.7%

D 5.1%

B 7.7%

TETR
17.9%

e
15.3%

N=39

1 MCTDOZEE

AR (PHEHBER BEBER

16.0%

SSc

sk i

0 5 10

15 20 25 30
(%)

B2 BREABICAHTIMESmMEENEE

ckBIEICES B Lxra—2kD

ek © UNCOVER Study (504i#%)® MCTD 94{, SSc 69741

BN B, L L&A S KM Odigital
ulcer registry” TI3SSch BFPHD ¥
Bz bRA v AT —¥ 1 HikBEHEH
7%22%, St v b oA 7 HAKBEBIA
20%, PUUL-RNPHLIEMEBIA33.2% T
(), PIUL-RNPHUI&RH:HIA A

B, MCTDA UFPHASSScE i
PHOHIZHAATNT WA L ig3ER
INEQAN
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BEARESBICS 3 MHENEEDHE

RE (G4180) TRUR (343) CEIT 5L EMSME FAAHERS
Ml : ssc B - A SRR RVER A4
8| - SLE AMERAHRTRIOEERREEN,
[ :mcTo 0.3-6, 1999
[ s zofe 2) EEE REEE BREEEHSLE

EOWMIE L REORA. EEBHHER

A" (28461) BAEBBAES (706) E#59(10361) RRMEANERMET LI F-RETH =

MMREE LHEACRERBICSY
B HAMERBOBER S ARECET 3
RIMPRISEELIE - FEFARMEE,
p.40-43, 2004

Wigley FM, Lima JA, Mayes M, et al :
The prevalence of undiagnosed pulmonary

3

~

arterial hypertension in subjects with
connective tissue disease at the secondary
health care level of community-based

R BREEPAHOBACHADSH
AE ACA(%)

rheumatologists(the UNCOVER study).
 Arifritis Rheum 52 : 2125-2132, 2005

#Topol (%)  $HU1-RNP(%)

Znof ) 43 44 9.3 - 4) Meune C, Avouac J, Airo P, et al :
— =, 9

Bt -2 5;7 ur 18 28 17 22 Prediction of pulmonary hypertension

FMDUO 600 20 22 3.2 | ic sclerosi .

SFESS AR 13 60 8 8 related to systemic sclerosis by an index
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N3, SScicll o TPHILHF O B EH
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TAa2E, LFLLHEHAEN T D
74— NHRKREDHEETKEL
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Rheum 63 : 2790-2796, 2011
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%5 62 B BRI AR

v A7 =1 (Scl70) Hifk, ity raxT7hk i
ULRNP itk i3 H 1, JRNA £V x5 —¥ I ik
HRBBMITUETEL L HIZR->TVS. E561C,
i Th/To HifE= 1 USRNP Hifk b 5 B4 Hs <
TR DRt N5 — o R 2 h LN T 5 T & ATk
Thdb. KV VRYY LTI, BREOHRMEREEICD
WTHEEBL L, f$ICH RNA R Y 2 5 —E 111 Hifk & ik
EERORNERICOWTHN V.
BRSNS IEE O & R

HHARE (HEERRR A K » < F ERE PRS0 E)
BB M W LU 5E (cPH) O 55— D4 2 D HUE
NDHELLBNC L THD. REEREHMN (MCTD)
TORMEMNT% L b, MBI (SSc) T5%.
oY F< b~F A (SLE) TH L7% THH, —
PADICHREPHAR SN DA710075 A 7~8
ACHLUTELLEY. Lrd EEEREOBEHI R
PENPLEWDZELHAL, BKRTHRKTHS.
KOBBELTTFHRARTH L EMHIFONS. T
ETFHEDEVERUEDODD I ) ESICTHARTD
D, BHISHEEICHE) DORFRRTH L. {Lolgirk
ETEBHL TV 3 BERREIRP D S HET 5 AT
MRS, PHOBREBEZBIETE S WL 2
55, Ve FEMEIR LMY F—FVviRER LR
AT EMRELALRVWED, La—HBEr
SUERBNYLEAECOBHERATEL. £LT
fixnT 7y A% v, AKE, MCTD ¥ PAH O
Wikt AR sE S he. KERA @ cPH XM WK % PH
(PAH) T h, il TE M PHE XV hd
IBEUHEIE PAH ICHDEXRD SR TwAE. T
5t PAH IS L CHEM SNAEEDRBRYTA VI
17 3FEMC cPHICQHAICE B EH X B, 172
PHICLIELIEATFOA Fi EORIEMRBEND 2 F
TAHIEHNFEMRNTHREIN TS, S0k, Sh
5% &7 MCTD Y PAHDEREATA K54 A
EWETESN TV B,

CNS V=T ZADFBELH - A

e ClRBLRIBEN - g EHEE)

2HYTY 7% b —F & (SLE) {2 BUF 5 g H#ERH
FIEARE D MEBEWIED 1 DTCNS NV — T R LI
NTWB, CNS Vv —7 A TIREICSH R EEEIR
AROENDA, EOPTHICHMEEIR OV —7 2K
W) EEIREMEE 55, M — T ARMHIZ BT,
MR ) KV — A P Hik & Sk o bl Z bt
ko ERAR SN, TE, AR EmICHEET

HTN7IVEELLT 7 — (NR2IIHT BhufkAs N —
T A B E O PICHFET E I LRSI
otz —J5, WYEY—LPHkiZe b REMBLR
SO TNF-a % 1L-6 DEL * EWIZKHKS 5. TNF-
ot Moz BETLIE2H, WY K
Y — & P Hidkid TNF-a %4 U CHRIMLEN M 0% 8k
EHESEHMNR EOHRAZIRETZEE IO
5. SLED A7 04 FHeEP IR IMIT S 2
EddY, LIELIEN—7 AHEE L OENBWHH
MEien Lrlx, V—7AREEERUNCRYTECE
B¢ 2700 EMRTOIL6 AR THLI L2
SHIIL. CNS W —TRADEMRDIEARITIA Tl F
Thb, Yru74A2A77 3 F2AVAFRED XLTR
bhadt, A7 FIZBELEVILEF Y REED
LIABLNTWAR W, /272 acute confusionalstate
BELLIEV—TAHMRIZBVWTIEY 707+ R
77 3 PV AR R Z P TEREAD R
ARENTWAS,

BRBRDRI AR

B (AHEKXR)

BRI 4% (DM) ORI %5 B S htfk o8l h
S HFHATHIS L o TELA, F1LH O etiology
KDOWTIEANRENES V. 25 ZH DM & L5
22 (PM) 22V T, RAAHEICLAERLES
AAHRED, F—OEBARY FSALICHBRTALE
ESZ2BRED, LWIHINTFAASZIBHKRTHA.
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Safety and Efficacy of Epoprostenol Therapy
in Pulmonary Veno-Occlusive Disease and
Pulmonary Capillary Hemangiomatosis

Aiko Ogawa, MD, PhD; Katsumasa Miyaji, MD, PhD; Ichiro Yamadori, MD, PhD;
Yoko Shinno, MD; Aya Miura, BSc; Kengo F. Kusano, MD, PhD; Hiroshi Ito, MD, PhD;
Hiroshi Date, MD, PhD; Hiromi Matsubara, MD, PhD

Background: Pulmonary veno-occlusive disease (PVOD) and pulmonary capillary hemangiomatosis (PCH) are
rare causes of pulmonary hypertension. There is no proven medical therapy to treat these diseases, and lung trans-
plantation is thought to be the only cure. Administration of vasodilators including epoprostenol sometimes causes
massive pulmonary edema and could be fatal in these patients.

Methods and Results: Eight patients were treated with epoprostenol for 387.3+116.3 days (range, 102-1,063
days), who were finally diagnosed with PVOD or PCH by pathological examination. The maximum dose of epopro-
stenol given was 55.3£10.7ng-kg~'- min~! (range, 21.0-110.5ng-kg~'- min-'). With careful management, epopros-
tenol therapy significantly improved the 6-min walk distance (97.5+39.2 to 329.4:+34.6 m, P<0.001) and plasma brain
natriuretic peptide levels (381.3+136.8 to 55.2+14.4 pg/ml, P<0.05). The cardiac index significantly increased from
2.110.1 to 2.9+0.3L - min~'-m-2 (P<0.05). However, pulmonary artery pressure and pulmonary vascular resistance
were not significantly reduced. For 4 patients, epoprostenol therapy acted as a bridge to lung transplantation. For
the other patients who had no chance to undergo lung transplantation, epoprostenol therapy was applied for
528.0+216.6 days and the maximum dose was 63.9+19.0ng-kg'- min-1.

Conclusions: This study data suggest that cautious application of epoprostenol can be considered as a therapeu-
tic option in patients with PVOD and PCH.

Key Words: Epoprostenol; Pulmonary capillary hemangiomatosis; Pulmonary hypertension; Pulmonary veno-
occlusive disease

nary capillary hemangiomatosis (PCH) are rare causes

of pulmonary hypertension, and their categories have
been changed at every World Symposium on Pulmonary Hy-
pertension.!2 The latest clinical classification of pulmonary
hypertension categorized these diseases as Group 1’ consid-
ering the similarity of risk factors and the genetic mutations
in idiopathic pulmonary arterial hypertension (IPAH).34 Con-
tinuous intravenous infusion of epoprostenol decreases pul-
monary vascular resistance and improves the prognosis of
IPAH,5% and it has become a standard therapy for IPAH. How-
ever, the indication of epoprostenol for other subgroups of
pulmonary hypertension including PVOD and PCH is con-
troversial. A few patients with PVOD have been reported to

P ulmonary veno-occlusive disease (PVOD) and pulmo-

show amelioration by application of epoprostenol.”® In con-
trast, other reports have warned that epoprostenol precipitates
severe pulmonary edema in patients with PYOD or PCH,>10
which never occurs in patients with IPAH. This is why epopro-
stenol is not widely accepted as a standard therapy for PYVOD
and PCH.

Montani et al reported the possible efficacy of epoprostenol
for PVOD as a bridge to lung transplantation.! They success-
fully treated 12 patients (10 patients with PVOD proven by
pathological studies and 2 patients with a clinical diagnosis of
PVOD) for 210 days with a maximal dose of 13ng-kg!- min!
of epoprostenol. This was the first report to show the clinical
application of epoprostenol therapy in a series of patients with
PVOD. However, no reports have described the successful
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Patlent no. (y‘;gfs) Sex  WHOFC
1 42 M 1]
2 26 M v
3 20 M v
4 11 M v
5 25 F v
6 28 F 0
7 16 F n
8 32 F n

Yombg)  Ch | dagnosis  Outcome
39 24 PVOD Death
60 31 PVOD Death
114 NA PVOD Death
52 64 PCH Death
55 36 PCH LDLLT
65 81 PVOD LDLLT
63 61 PVOD LDLLT
44 23 PVOD LDLLT

Age, age at diagnosis; WHO FC, World Health Organization classification of functional status of patients with pulmo-
nary hypertension; PAP, pulmonary artery pressure; %DLco, diffusion capacity of the lung for carbon monoxide
expressed as % predicted; M, male; F, female; PVOD, pulmonary veno-occlusive disease; PCH, pulmonary capillary
hemangiomatosis; LDLLT, living-donor lobar lung transplantation.

application of epoprostenol for PCH. We report on 8 patients
(6 patients with PVOD and 2 with PCH) whose diagnoses
were confirmed by pathological examination, and who were
treated with a higher dose of epoprostenol and for a longer
period than previously reported. With great caution, epopros-
tenol was safely applied and improved the clinical status in all
patients. Careful application of long-term epoprostenol thera-
py appears to be a safe option and results in a favorable thera-
peutic outcome in patients with PVOD and PCH.

Methods

We treated patients with pulmonary hypertension with epo-
prostenol at 2 institutions (Okayama University Hospital and
National Hospital Organization Okayama Medical Center,
Okayama, Japan) between April 1999 and April 2010. Diag-
nosis of pulmonary hypertension was made according to a
standard diagnostic algorithm including physical examination,
chest radiograph, blood tests including screening for the cause
of secondary pulmonary hypertension, pulmonary function
testing, transthoracic Doppler echocardiography, and right
heart catheterization.!?

Eight patients had the clinical diagnosis of pulmonary hy-
pertension, which was finally determined to be PVOD or PCH,
in this study period. We performed a standardized chart review
from the medical records to extract clinical data from them
retrospectively. We compared clinical, hemodynamic, and ra-
diographic data before and after application of epoprostenol.
Data after epoprostenol treatment were obtained at the time
when patients achieved the best values for the cardiac index by
right heart catheterization.

Seven patients underwent pulmonary function tests when
first admitted to our hospital. Vital capacity and forced expira-
tory volume at 1s were calculated by using standard formulas.
Diffusion capacity of the lung for carbon monoxide (DLco)
was measured by the single-breath method and expressed as
%DLco (% predicted). Cardiac catheterization was routinely
performed at baseline before starting epoprostenol therapy and
then repeatedly after starting epoprostenol therapy according to
the patients’ condition. Chest radiographs were obtained from
all patients at the initial visit and were repeatedly taken ac-
cording to their status. All patients underwent high-resolution
computed tomography (CT) of the chest to define coexisting
conditions, including pulmonary venous congestion, pulmo-
nary arterial enlargement, atelectasis, or pleural effusion.
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Titration of Epoprostenol Therapy

Epoprostenol therapy was initiated at a dose of 0.25-0.5ng-
kg-!-min, and the dose was gradually titrated upward in in-
crements of 0.5-1.0ng-kg™'-min~!, based on adverse effects
and tolerance. When the cardiac index was below 2.0L - min-!-
m~2, continuous intravenous catecholamines were added to
epoprostenol therapy. On adjusting the dose of epoprostenol,
we paid careful attention to hypotension and signs of deterio-
ration of heart failure and pulmonary edema. When the pa-
tients’ chest radiographs showed deterioration, we stopped
increasing the dose of epoprostenol and added diuretics or
intravenous infusion of catecholamines, depending on the se-
verity of pulmonary edema. After improvement, titration of
the dose of epoprostenol was resumed.

Pathological Examination

No open or thoracoscopic lung biopsy was performed in any
of the patients, because all patients were severely ill and they
were considered intolerable to a lung biopsy. Lung speci-
mens were obtained by living-donor lobar lung transplantation
(LDLLT) or autopsy. Lung tissue was fixed in 10% formalin.
Histological sections were stained with hematoxylin and eosin
stain and elastica-Masson’s trichrome stain.

Statistical Analysis

Results are reported as mean=standard error of the mean. Dif-
ferences between groups in variables measured at baseline and
after epoprostenol therapy were tested by the paired t-test. Dif-
ferences were considered statistically significant at a P value
of <0.05.

Results

Baseline Data, Pathological Findings and Outcome
Eight patients undergoing epoprostenol therapy had the histo-
logical diagnosis of PVOD or PCH (Table 1). The patients
included 4 males and 4 females with a mean age of 26.0+3.4
years at the time of diagnosis of pulmonary hypertension. At
baseline, 4 patients with PVOD were in the World Health
Organization (WHO) functional class Il and the other 4 pa-
tients (PVOD, n=2; PCH, n=2) were in the functional class IV.
All patients showed a high mean pulmonary artery pressure
(PAP) and 4 patients showed a marked decrease in %DLco as
low as below 40%.

Two patients (patients 4 and 5) were finally diagnosed with
PCH and the other cases were diagnosed with PVOD. Repre-
sentative histology is shown in Figure 1. In all cases, foci of
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Figure 1. Pathological findings of lung specimens. (A) Specimens of pulmonary veno-occlusive disease (PVOD) show centri-
lobular congestion at low magnification (Upper panel) and characteristic alveolar capillaries at a higher magnification (Lower
panel). These foci are seen in both PVOD and pulmonary capillary hemangiomatosis (PCH) (hematoxylin and eosin stain). (B)
Venous vessel walls are thickened by intimal fibrous proliferation. Markedly stenosed (Upper panel) and completely obliterated
(Lower panel) veins can be seen in PVOD (elastica-Masson's trichrome stain). (C) Proliferating capillaries are shown in the walls
of bronchi (Upper panel) and arteries (Lower panel) in PCH (elastica-Masson's trichrome stain).

0]
‘Baseline  After eﬁoprostenolt erépy P value

WHO FC (n)

] 0 5

1il 4 3

I\ 4 0
6MWD (m) 97.5139.2 329.4+34.6 <0.001
BNP (pg/ml) 381.3+136.8 55.2+14.4 <0.05
Hemodynamics

Systolic PAP (mmHg) 89.4+11.0 90.9+4.9 NS

Diastolic PAP (mmHg) 44.1£7.2 43.4+4.0 NS

Mean PAP (mmHg) 61.5x8.1 61.5+3.9 NS

PCWP (mmHg) 7.0£1.3 11.8+3.6 NS

RAP (mmHg) 6.9+2.2 7.6x1.5 NS

SvO2 (%) 59.6+5.3 64.9+4.8 NS

Cl (L-min~'. m2) 2.10.1 2.9+0.3 <0.05

PVR (dyne-s-cm) 1,449.3+194.9 1,096.3+199.5 NS
Epoprostenol therapy

Duration (days) 164.1+79.7

Dose (ng- kg~ min-) 24.415.6
Assoclated therapy (n)

Anticoagulation 8 6

Digitalis 4 3

Bosentan 2 2

Sildenafil 2 2

After epoprostenol therapy, at the time when patients achieved the best values for cardiac index; 6MWD, 6-min walk
distance; BNP, plasma concentrations of brain natriuretic peptide; PCWP, pulmonary capillary wedge pressure;
RAP, right atrial pressure; SvO2, mixed venous oxygen saturation; Cl, cardiac index; PVR, pulmonary vascular resis-
tance; duration, time from initiation of epoprostenol; NS, not significant; dose, dose of epoprostenol. All other abbre-
viations are as per Table 1.
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Figure 2. Changes in parameters and dose titration of epoprostenol. (A) Parameters before and after epoprostencl therapy were
compared in patients without lung transplantation (a) and patients who underwent living-donor lobar lung transplantation (LDLLT)
(b). Data after epoprostenol treatment were obtained at the time when patients achieved the best values for the cardiac index (Cl)
by right heart catheterization. The 6-min walk distance (6MWD), plasma concentrations of brain natriuretic peptide (BNP), and Cl
were significantly improved by epoprostenol therapy. mPAP, mean pulmonary artery pressure; RAP, right atrial pressure; PVR,
pulmonary vascular resistance. (B) Dose titration of epoprostenol of each patient is shown (patients without lung transplantation
(a) and patients who underwent LDLLT (b)). Red dotted lines indicate the time when patients achieved the best values for Cl. Gray
dotted lines indicate the time when patients showed deterioration.

[Epoprostenol Therapy and Assoclated ° by - : e LR
After epoprostenol therapy Final
Patient no. Time from Dose Bosentan Sildenafil Time from Dose
initiation (days) (ng-kg-'-min-) (mg/day) (mg/day) initiation (days) (ng-kg-'-min-')
1 82 12.5 - - 685 110.5
2 66 15.0 - - 102 33.7
3 70 24.9 - 60 234 32.0
4 708 46.3 . - 1,063 79.2
Mean of patients 14 231.5x158.9 24.7x7.7 528.0+216.6 63.9+19.0
5 98 45.0 ~ - 115 46.0
6 193 34.9 - - 351 454
7 14 75 125 40 202 75.2
8 82 9.0 250 - 318 21.0
Mean of patients 5-8 96.8+36.9 24.1:9.4 246.5+£54.2 46.7+11.1

After epoprostenal therapy, at the time when patients achieved the best values for cardiac index; final, at the time of lung transplantation or
death; time from initiation, time from initiation of epoprostenol therapy; dose, dose of epoprostenol.
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Epoprostenol Therapy in PVOD and PCH

centrilobular congestion were observed at low magnification,
and characteristic dilatation of alveolar capillaries was ob-
served at a higher magnification (Figure 1A). Hemosiderin-
laden macrophages were often observed in the alveolar space.
PVOD was characterized by marked stenosis and occlusion of
small intrapulmonary veins (Figure 1B). Vessel walls were
thickened by intimal fibrous proliferation. In patients 4 and 5,
invasive proliferation of capillaries were also observed in the
walls of bronchi and arteries, leading to the diagnosis of PCH
(Figure 1C). These capillaries were engorged and tortuous.

Four patients successfully underwent LDLLT and the re-
maining 4 patients had no suitable living donors of the lung
and finally died while awaiting cadaveric lung transplantation.
The causes of death were respiratory failure or concomitant
respiratory infection. No patient died from adverse effects of
epoprostenol itself.

Patient Characteristics Before Epoprostenol Therapy

Patient characteristics before epoprostenol therapy are shown
in Table 2. All patients were in WHO functional class IIl and
IV. The 4 patients who were in WHO functional class IV could
not walk because of severe oxygen desaturation at baseline.
The other 4 patients in WHO functional class IIl could only
walk approximately 200m (Figure 2A). Plasma BNP levels
were not always elevated. Three patients showed low BNP
levels in spite of the severity of their general condition and
inability to walk. For the pulmonary function test, 2 patients
showed mild restrictive defects (62% and 72%), and another
patient showed a mild obstructive defect (65%). Overall, lung
function was within normal limits (%vital capacity: 86.416.3%;
forced expiratory volume at 1s: 77.4%3.1%) except for low
%DLco (45.818.6%). All patients manifested pulmonary hy-
pertension with a mean PAP of 61.54+8.1 mmHg on right heart
catheterization. Pulmonary capillary wedge pressure and right

Radlographlc findings :\cl:?a?na:a(;
Baseline
Dilated pulmonary arteries 8
Kerley B lines 2
Interstitial infiltrates 8
Ground-glass opacities 7
Pleural effusion 2
Interlobular thickening 8
Lymphadenopathy 3
After epoprostenol therapy
Increase in pleural effusion 3
Thickened interlobular septae 8
Deterioration of ground-glass opacities 8

Data indicates the number of patients.
PVOD, pulmonary veno-occlusive disease; PCH, pulmonary capil-
lary hemangiomatosis.

atrial pressure were within the normal range in all patients. In
4 patients, the cardiac index was lower than 2.0L - min~!- m2.

Efficacy of Epoprostenol Therapy

Patients were cautiously treated with epoprostenol for 387.3+
116.3 days (range, 102-1,063 days) (Table 3; Figure 2B).
The maximum dose of epoprostenol given was 55.3+10.7ng-
kg™!'-min! (range, 21.0-110.5ng-kg"!-min~!). Patients who
had no chance to undergo a lung transplantation had epopros-
tenol therapy applied for 528.0+216.6 days and the maximum
dose was 63.9419.0ng - kg - min-!. The best value for cardiac

Figure 3. Representative radiograph-
ic findings. (A) Radiographic findings
of pulmonary veno-occlusive disease
(patient 1). (a) A chest radiograph
shows a prominent main pulmonary
artery and interstitial infiltrates. (b)
A chest computed tomography (CT)
scan of the right lobe shows multi-
ple thickened interlobular septal lines,
ground-glass opacities, and pleural
effusion. (B) Radiographic findings of
pulmonary capillary hemangiomato-
sis (patient 4). (a) A chest radiograph
shows a prominent main pulmonary
artery and main truncus of the right
pulmonary artery. Faint nodular opac-
ities and numerous Kerley B lines
are also shown. (b) A chest CT scan
shows diffuse, ill-defined, ground-
glass opacities, and interlobular sep-
tal thickening is less prominent.
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Patient no. Baseline Best Later
1 3 2 9
2 2 5 8
3 3 2 15
4 4 4 10
5 2 3 12
6 NA 3 10
7 3 3 12
8 3 4 10
P value NS <0.01

Data indicate the flow of supplemental oxygen (L/min).
Repeated-measures analysis of variance with Bonferroni correc-
tion was performed. P values indicate “best” and “later” values
compared with the “baseline” value.

Baseline, before starting epoprostenol therapy; best, at the time
when patients achieved the best values for cardiac index; later,
maximum oxygen flow required while the dose of epoprostenol
was increased later.

index was obtained at 164.1179.7 days after initiation of epo-
prostenol with a dose of 24.4+5.6ng- kg - min-L.

After the application of epoprostenol, the WHO func-
tional class improved at least temporarily to class II or IIl in
all patients. The mean 6-min walk distance significantly in-
creased from 97.5+39.2 to 329.4434.6 m (P<0.001) (Table 2;
Figure 2A). As mentioned above, plasma levels of BNP were
not always elevated at baseline. In patients who had high BNP
levels prior to epoprostenol therapy, BNP levels were signifi-
cantly reduced after therapy. In total, the mean BNP levels
were significantly reduced from 381.3+136.8 to 55.2+14.4 pg/ml
(P<0.05). The mean cardiac index significantly improved from
2.140.1 to 2.940.3L - min~!- m2 (P<0.05). However, the mean
PAP and right atrial pressure did not change between before
and after epoprostenol therapy. Although mixed venous oxy-
gen saturation was increased and pulmonary vascular resis-
tance was decreased after epoprostenol therapy, these differ-
ences were not statistically significant.

Associated Therapy

Associated therapy before and after epoprostenol therapy is
shown in Tables 2 and 3. At baseline, anticoagulation and di-
uretics were used in all patients, digitalis was given in 4 pa-
tients (patients 2, 5, 6, and 7), and no calcium channel blockers
were used in any of these patients. An endothelin receptor an-
tagonist, bosentan, was used in 2 patients (patient 7: 125 mg/day;
patient 8: 250mg/day) and a phosphodiesterase 5 inhibitor,
sildenafil, was used in 2 patients (patient 3: 60 mg/day; patient
7: 40mg/day). The doses of bosentan and sildenafil were un-
changed during epoprostenol therapy. Catecholamines were
not used at the time when patients achieved the best values for
the cardiac index. Anticoagulation was discontinued in 2 pa-
tients (patients 3 and 4) based on our previous report regarding
the risk of alveolar hemorrhage induced by concomitant use
with epoprostenol.’® Digitalis was stopped in patient 5 who
manifested bradycardia. All other medications were unchanged
after epoprostenol therapy.

Radiographic Changes and Oxygen Supplementation
During Epoprostenol Therapy

All 8 patients manifested atypical radiographic features as
IPAH at baseline (Table 4; Figure 3). Their chest radiographs
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revealed not only dilated pulmonary arteries and enlargement
of the heart, but also peripheral interstitial infiltrates in both
lung fields, and sometimes prominent septal lines. High-resolu-
tion CT scans showed pleural effusion, thickened interlobular
septa, bilateral ground-glass opacities, and a mosaic pattern of
lung attenuation. Lymphadenopathy in the mediastinum, which
is sometimes observed as a reactive adenopathy in PVOD, was
detected in 1 patient with PVOD and 2 patients with PCH.
After initiation of epoprostenol therapy, all patients’ chest X-
rays or CTs showed thickened interlobular and intralobular
septae and an increased density of interstitial opacities. Three
of them also showed an increase in pleural effusion. At that
time, we temporarily stopped increasing the dose of epopros-
tenol and added diuretics and/or intravenous infusion of cate-
cholamines. After congestion improved, we started to titrate
the dosage of epoprostenol again.

Before epoprostenol therapy, patients required oxygen sup-
plementation with 2.910.3 L/min (Table 5). At the time when
patients achieved the best values for cardiac index, patients
needed 3.3::0.4 L/min of supplemental oxygen. As the dose of
epoprostenol was increased, patients showed deterioration of
oxygen desaturation and an increase in interstitial infiltrates on
chest X-rays. They finally needed an oxygen supplement at a
significantly higher flow (10.840.8 L/min) than they did before
epoprostenol therapy (P<0.01).

Discussion

Among a variety of diseases that can lead to pulmonary hyper-
tension, PVOD and PCH are especially rare, and their classi-
fication has been changed at all the World Symposiums on
Pulmonary Hypertension. In the previous classification of pul-
monary hypertension, they were categorized in a subgroup of
pulmonary arterial hypertension, termed “pulmonary arterial
hypertension associated with significant venous or capillary
involvement”.2 In the most recent Dana Point classification,
these diseases are classified as Group 1’, similar to but with
some differences from Group 1, because of their similarities in
histological changes, clinical presentations, risk factors and
having shared mutations in the BMPR?2 gene, similar to that
for IPAH.3

The prognosis of PYOD and PCH is still unknown because
of the rareness of the disease. It is believed to be poor, with
most patients with PVOD dying within 2 years from the initial
presentation.” Most PCH patients rapidly progress to death
over several months of the clinical disease.' In the last de-
cade, PAH-targeted drugs have improved the survival of pa-
tients with PAH.51516 However, no medical treatment has been
proven to improve the survival of patients with PVOD and
PCH. Therefore, patients with PVOD and PCH have a higher
mortality and a lower chance of survival compared with pa-
tients with IPAH.

Currently, lung transplantation is the only method to cure
these diseases and patients who desire it are placed on the list
for lung transplantation as soon as possible.* However, there
are few organ donors available to undergo cadaveric lung
transplantation. In Japan, where organ transplantation has been
recently introduced, chances of transplantation are very lim-
ited and the mean waiting time for lung transplantation is re-
ported to be approximately 3 years. In most cases, it is difficult
for patients to survive for this long period of time considering
their poor prognosis. Although LDLLT is expected to be an
alternative for cadaveric lung transplantation, there are more
strict criteria for donors of LDLLT.Y18 Not all patients and
their families who desire to receive lung transplantation can



