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An Infantile Case of Pulmonary Veno-Occlusive Disease Confirmed by Autopsy
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Pulmonary veno-occlusive disease (PVOD) is a rare condition that results in pulmonary hypertension caused by
the occlusion of the peripheral pulmonary veins. A 1-month old infant with patent ductus arteriosus presented
in critical condition with pulmonary hypertensive crisis. Cardiac catheterization revealed severe pulmonary
hypertension (pulmonary to systemic arterial pressure ratio, 1.3; mean pulmonary arterial pressure, 43 mmHg;
pulmonary wedge pressure, 6 mmHg; pulmonary vascular resistance, 10.3 units-m?). The patient was started on
combination therapy, including continuous intravenous epoprostenol. Although drugs targeting pulmonary
arterial hypertension (PAH) were initially able to improve his hemodynamic status, he gradually developed
pulmonary edema. Histopathological finding of lung biopsy specimen showed PAH, so he was diagnosed with
idiopathic PAH. However, he experienced recurrent pulmonary edema and progressive right heart failure. One
year after admission, the patient died from severe heart failure. Histopathological autopsy findings of the lung
showed pulmonary venous changes and intimal thickening of the pulmonary veins, and a diagnosis of PVOD
was made. Pulmonary arterial changes included cellular and fibrous thickening of the intima, severe medial
hypertrophy, and adventitial thickening with plexiform lesions (Heath-Edwards grade 4). A correct diagnosis in
this case could not be made by single lung biopsy. Our experience suggests that we should suspect PVOD when
patients receiving PAH therapy develop recurrent pulmonary edema, as the only available method of PVOD
treatment is early lung transplantation.
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/NRICFEIES 2 filifHIRPAZEIE (pulmonary veno-oc-
clusive disease: PVOD) &, #/%, ¥, JREESFIC
B L CEREARWEZENZ VY, EE il i £ 7% 2
I %2 Y, BB IR i (pulmonary arterial
hypertension: PAH) & OERINKEETH 55580
ARQA AN

SR AR 1D H CTHiEES Z 14> A% 5%
FE U, il & PR D Z R0 FIHRE IS M0 SOs L
T, FEAI ORI RO K IEZ SRR D K LTz
B2 REER U Te. HRIRREIE D 513 PVOD Db N
W, HBHOMER TIE IPAH (idiopathic pulmonary
arterial hypertension) DFZWITH -7z, HlRATRT
PVOD &gl L7z 00, EIEPAHICR 5N
SEE S RTBIRR A & iR Tz, Bl Lin BRI i THER:
U, R Rz 2 LRI TH b, N
WMAWET 5.
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[fLFATF (patent foramen ovale: PFO), BRERTE
(patent ductus arteriosus: PDA), /LEE/KI XK Uk
I Zilo . JLUMOAREEZE A, MCT )L
ERIRAINARZE BRRA U Tz, iBREBabATRIC ki g L
DERE A UTeTe s, il )V 7 N LT,
ZO%E AL, Hiim46 1Bt x> Tz #HiER
XA A7V —=ZVJIRIER, G-band & IFH %M
(46, XY) THoTz. BERITOIEEEEMRE T PFO
& PDA IS Z il 72 @8 7. Jokietstd rhiLid
BUFTdHD, +33g/day THEHINL Tz, BENiE
CFT ) —EZEEDIH, Lk O L T# T 8%
TR 7R o 7. FIIRAT (788X F 1.0mg/kg/
day, A¥n1 /<7 > 1.0mg/kg/day) OWARZTIT-
TWiz. /NEiFED PFO & PDA TREFHAD DM AW
i 72 > 7o Te DOl A 7 — 7 )UViiE 2 & LT
7ehy, His 57 ICHENRFICHRER Bz LBHmE A & 2o
Teledh, PSR AR & o7z,

ABRERHRAE : & 54cm, {AH 3,944g, OH1%5 188 11/
g7, W60 [E1/57, I 54/27 mmHg, 1Ak 36.4
&, REZNBRBMEEIENKLTE% THo. D
BN EOJUEZIER L, MR, RS,
e, G MMz 2 ksl U7z,
ABBHRERRR © i X # T LML 50% TH D,
i 5 - ifids K CHKIrRIEERD Eh - To. LEXIEE
im0z, B, AEIERZRDI. Ol SRR
H#TWE, HF, GEBXUCMEREIEAL, O=EF
fRld L L Tz, £ 2.2mm D PFO & 4% 3.0mm
D PDA Z788, PFO X L EM DA T, PDA XM
ST H > e ELAFERBEMN TH > 7. DRERIC
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Fig. 1 Clinical course of the patient
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PH: pulmonary hypertension, CT: computed tomography, cathe: cardiac catheterization, O,: oxygen, NO: nitric oxide
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DEKE DRI LTV, IMiEMREE NT-pro BNP
1271pg/mL & FA L THD, #flRili A AT pH 7.225,
pCO, 64.7mmHg LMY & F—2 X725 Tz,
ABe#&id (Fig. D RMOFEKIEMisILES 1>
AEFZ ATz WA UNTFRRERE L, RS
Iy, RTRIY, A7)/ oBh Lz, LrL
ARt H KIS Hi& 7 = A 2 ADHR LTz
W, Wbt e O LR Lc, ABi2 HHIC
i M ORI Z R T 2 728D, DA 7 — 7 )V
BHZ1T-> 7. FiO, 0.8 D&M ThifRIMITLE 1.3, F
BRI 43 mmHg, Wh#hIREEAH 6 mmHg, ififfi
41 10.3unit-m® TH -7z (Table 1. HHKD TR
Tr AT/ —)U 2.0ng/kg/min THKR 52 MHD, —
fE{bZE£H X (nitoric oxide: NO) W AL HEH Uiz,
ZOHIART AT /—)L7% 2 JA T 10.9 ng/kg/min

Table 1T Hemodynamic assessment of the patient

The days after Day2 Day79 Day233
admission (cathe 1) (cathe 2) (cathe 3)

systolic PAP 60 42 35
(mmHg)

diastolic PAP 30 14 14
(mmHg)

mean PAP 43 26 24
(mmHg)

PCWP (mmHg) 6 8 4.5

RAP (mmHg) 4 6 2

Cl (L/min/m?) 3.0 5.9 10.3

PVRI (unit-m?) 10.3 2.9 2.1

Pp/Ps 1.30 0.75 0.40

PAP: pulmonary artery pressure, PAWP: pulmonary arte-
rial wedge pressure, RAP: right atrial pressure, Cl: cardiac
index, PVRI: pulmonary vascular resistance index, Pp/Ps:
pulmonary to systemic arterial pressure ratio
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Fig. 2 Chest X-ray and CT scan of the thorax

FTCW L. TR RXT/—)LotERIcEDbYE
T NO &gkl Uz, AR 1R T PDA & H IR
BL 72D, M@ el R L Cnicized, FEFekims)
ARVERfE T (idiopathic PAH: TPAH) & WIHHRSHTI L
fo. ABE2BMREE LIZHE D TR O AT/ —)LD
I EORKIEN H L Bl Tz (Fig. 2A). HlikfE
DEND % =TI, KR K URIPRFIOHE &,
IRTOAT ) —)IVOREEIT- -

ABE1 D H (E#%20H) KOVIVTF T 1)
1.0mg/kg/day DNARZEML, ABi1MHETE X
Z 7 4 )l 1.0mg/kg/day, 7> TVt 2% 0.1mg
kg/day ff FHICZ T Uz, IZENHEI DX SI1CKD
ik U7z ABt2 AN k4 H) OOl T—
T IVRREE TlX, FiO, 0.4 O R ekl 0.75,
SEYREEIIRITE 26 mmHg, Al EHHT 2.9 unit-m* el
#L TV (Table 1. EHEAMRE (FiO, 1.0) T
AL 0.58 & 7% b R AL Z R L, TR
ICHEEMEMICH B B A TV,

ETAN, ABE3MARE CE#%s5MH) ICaMEE
7Kz ez U, WeR{bfRE (PaO,/FiO,: P/F ratio)
140 MR, MaES CT THRIHEFICKRR & CXAMED
IO HT AR, INERREEEDOINE 278D 7 (Fig.
2B). JKopHHIRR, i iE PR OB, FRAIE R
X BBRKEITOMEIIRAEZ E Uiz, #R0R I ffizk
A 5 PVOD % i < BEW, AHIBAM CHiER 21T -
e A, fili/INahiRIE H S o H IR IR & NIBE DO #RE
HEPERR=E 72 £ 5 S AV EUAR & 1 Heath-Edwards 7758
3ETH->Tz (Fig. 3A). Mgk —EDIME TH
fE 35 K O ASIRE U T U T2 DS KB 5 O I 13 1
TH -7z (Fig. 3B). IPAH L flliE N5 WEGETH
D, FEREE S PVOD % 5 5 BFPRFE & el L T

Chest X-ray shows diffuse alveolar opacities (A). CT scan of the thorax shows diffuse ground-glass opacities, interlober

septal thickening and atelectasis (B).
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Fig. 3 Pathological biopsy findings of the lung

Cellular and fibrous thickening of intima, moderate medial hypertrophy. Elastica Masson staining (scale bar=100um) (A).
Mild intimal thickening of pulmonary small vein. Elastica Masson staining (scale bar=100xm) (B).

Fig. 4 Pathological autopsy findings of the lung
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Moderate intimal thickening of pulmonary small vein (arrows). Elastica van Gieson staining (scale bar=200ym) (A). Pro-
liferating capillary vessels. Immunostaining with CD34 (scale bar=100uym) (B). Capillaries invading the walls of small
vessels. Victoria blue staining (scale bar=50xm) (C). Plexiform lesion, complex vascular formation originating from
remodeled pulmonary artery (arrow). Elastica van Gieson staining (scale bar=50um) (D).

Wiz, ARHINERIOR T RmREHCES & PRI
feizdh, ABi5 WA (7 H) IS AE S
ARG SE MR UT2DS, R H/NE L, A
WKEHA Lk E N ABieH (E%sh
H) &% P/F ratio 130 £ T/ N9 % EEEDNli/kE%
FLC USSR 0R Uiz, BRI N TR S E
Eixolzizsh, ABt7 hHICKEYBZITY, —
NS AR S 3 e LTz, ABE 8 v H DD /1 7 —
T IVBREE TIE, FiO, 0.4 D&M N Tkl ELE 0.40,

BRNRBERSBFEME $£36E F15

YNGR E 24 mmHg, i il #4712, 1unit-m?® & fili
BIRIE OS2 7R - (Table 1). MlizKIED 5 & Ik
DU, RERBRRI I ZE U TR L. COuE
LT R&E&TT> 72hY, BMPR-2 (bone morphologenic
protein receptor-2), ALK-1 (activin like kinase-1),

ENG (endoglin) W NEAFIIMHE Nah -7z

A1 H (L& 0 H) BEK D D idE & e T
B0 « DB OILRMRAZIHETT U Cilim AN E
fbl, Fzf#eE & NT-pro BNP A% 3,000 5% T
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BELU. ARt 2 0HICESE M FTTrey vy 7
AT—TIVeHE LD, iR EEOM &L Z
AV AZRT L, NOWAZHI L. HORIEAIE
THICHE L, NT-pro BNP & 12,000 5% THE{LL
fe. MKEEDMEMNERE NN, i deE O ATRENE
DB BEHH N BT RTBRAT /) — )V HE
IC 24.3ng/kg/min £ T L7z, L LREBICTHESR
HEEF N COliEITEY 7102 A2 TL51ED
HOAEOZURGHEZED, 120 H (K13
MH) TKIRU 7.

HIRRAGREEE T, AP S oSEHiIERB KT 28
BHRsRZ 1 5 A I O iR AR AEIE IS & B i
T PA 2 3 22 72 BAE TR ICRR &, PVOD & e E 72 I L
7o (Fig. 4A). [k, i H MY e EE 7R 800 Tl
I B AR ] DR 0 S S TR D, /NS TR B S DO, BREIR
B B WA I I B E AU IC B K A THAE
U (Fig. 4B), —{&fCHi/NIIIROAME, SGEEPHIC
uhEMZE L TR D (Fig. 4C), fili=EH & e
(pulmonary capillary hemangiomatosis: PCH) 7 /i
Mg % R 2 aR Tz, i/ EIRIE Heath-Edwards 77
FH A4 FET, ARAETENERAERIC K B BB AR A e oD 5 4
PHEEZRR8, WAL ENS, EEICEITL
W2z (Fig. 4D). MildNIE&50E L <
L, Wi, 7«7V, EHEKONHY, lifd~s 2
077 —Y%ETRILTED, —HiETEZERL
TWe., BR0DH 5 IEHZMlmkidE e A L%
Mo e, INERIBREE 35 K CIMlabREE D LR 2 58 lifif
EME FIERIEIT LT e, NE « BRI AR
Bz Tz,

z =

PVOD iE#MADEETH D, FEIEIF 100 TADHTZD
0.1~02 A\FifEL TN T3 Y. IPAH LHiKZME
NIIEFID 5 B 5~10% 1% PVOD TH - 7z L5 ]
HEEH O, Wi ORI 8 AIEE W R ETE A
TP NERETSH S Y. PVOD 1AM IR
M & N5 NIESEPNZE TH % 2P, PAH L3R
BOIREOEEIMEIRTH O, HRAIICBEE
N%. PCHIZX BICHT, ZEMEICHSE L = EMim
B B IR SO U S BE A & oD IE B RE S 2 i LR
3% &SI % Y. PVOD Tl EMEICIEITH
HOoTERERAWIC—BEINTVWED, HEIIZZE
{t L CPCH DO ERRI T EHNHS Y. PCHIZ
PVOD & HiE DLW Z L, FERCHEREAXT
5 LTHAHREEMER T v 2.

PVOD O PGSO T AR TH D, JERFEHN S
2AEDINITIZ I EHISET 9 %. PVOD IC BT % i
{554 & UC EIF2AK4 (eukaryotic translation ini-
tiation factor 2-alpha kinase 49 WREEN T3 ©.
EIF2AK4 3 BB MERERF R F 20 (EIF2) 72
UYL T2FF—EEAD—DTHS GCN2 %2
I—KRLTW3. GCN2 X EIFR2a0 V) V(b H A —
REFEHLTEZL DRI EROMHICEES LT
% 7. EIF2AK4 DZ55IC & © GCN2 DIEMAME R
5T 8T, BBEA L RICHT ZHEg N L, FHAR
TORIENHEIRT 2 LHPENTVB 2. AEFITIE
EIF2AK4 OFE T ARDOBKZIZIT> TWRWVD, 5
BREIL TV 5.

PVOD, PCH W' N & filifS i D H M — DR B
TH%. MimEHRERIC X O MkKENERL I NS 2
B, Z L OLERENLREERG TN, RIRZHE
WEES 5. UL UBREMICIED, MK Lk
MHEEBEICTRTARXT /= )V EEET S LIk
D, B S o TERIDNRE S Tws Y. A%
WL LHNTTARTa AT /=)L L LT 30MmE
PRGN TH B X HHHIRTH O, VIO
Bl < LTz,

ASEGNEFHRAGRREL T,  HRHEPE NI RIC X 5 it/
BRNEDE R Z RS, FRRELEARTZRE
IRBIIRENC AR DEEOREZ E L TH D, ik
FINCIE PAH L2 S N5, #IRRZE IXEF PAH
THZE N, PVOD/PCH Tl A EHBE LW,
U Uit NERIR AR IS & 2 IGERIREEZE, V) >R
JERE, IGREEAE OBJEIc B X SHELRD TED,
il & © & SICHiEARENS B % & A mE b B A e 2
DEERTEH -, AMEHNE PAH A D XAl
FR A 2 S0 LIRS IEIC R o 7z ohy, & LL I
PVOD H'd © R [l IR AN 0D 955 25 IV BEE I 75 o
2l REHTHS. ULh UABRYHIK D fifn i fEaR5
DB THIKEZEDIELTED, £9 PVOD HH
D RN IR i iR A R E Ul 8 B A B 75
MYEHE" —JCINICHIBI T & %. PAH & PVOD/PCH
i TENRE S K OEERFREN K E B> TR, K
RN Z U TR IS BRI — D DN 4 Tk
DETENHLWIEENDS. £z PAH EEEOH
%Es 15 E (BMPR2) HPVOD JERITE ML SN
T# 0 ¥, PAH, PVOD/PCH (355251 [ DE WO d &
BN TNE[E—DRERETH S HEENEZ BNT
W5, EHTD Nice i K77 %1, PVOD/PCH & 1 Bf
PAH OHIZHENTE D, PAH & PVOD/PCH H¥ !
OEREBERTIER L, [H—HEROMmERE L $5 T
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Table 2 The patients with PVOD/PCH developed within the third months of life (¥)

Author Year H|§tolog|(.:a| Age at onset Sex PAH targeted Hospitalization Outcome
diagnosis therapy
Wagenvoort'? 1971 PVOD 1 week M none 3 weeks died
Voordes' 1977 PVOD 2 weeks M none 1 week died
Moragas'® 1983 PVOD 1 week F none 1 week died
Cagle' 1984 PVOD 3 months — none (sudden death) died
Oviedo'® 2003 PCH On birth M none (stillborn) died
(stillborn)
Oviedo'® 2003 PCH 1 week M NO 7 weeks died
McGovern'” 2016 PCH 6 weeks F NO, Sildenafil 12 months (hospital- died
Bosentan ized on and off)
Epoprostenol
McGovern'” 2016 PCH On birth M NO, Sildenafil 3 months died
Bosentan
Adenosine
Our case 2019 PVOD 1 month M NO, Sildenafil 12 months died
Tadalafil
Epoprostenol

PVOD: pulmonary veno-occlusive disease, PCH: pulmonary capillary haemangiomatosis, M: male, F: female, PAH: pulmonary
arterial hypertension, NO: nitric oxide (*exception of PVO associated with total anomalous pulmonary venous connection.)

EAMEIEENTWVS 0,

PVOD A & 0 &/NRIC BT 2 MEN DR
A, IO /NEPVOD 13 1967 4EI1C Weisser 512 & -
THEENTWS Y. 4% 3 H LA PVOD/PCH
T FGE LT OME % Table 2 12 &7, Rk
DLl S AR 0O A 7 — T IV E N 5, 9 filh
6 {311 C il i AN L 72 5 79] 5™ 2 EERE T &5 i T db -
7z. Z2 < EMERARE X U EE O I THAEL,
FIEBRBCAR LN L LT WA, T4, i PAH
FRDHEHRIT K D BB & BRRISIERIE DG 5 N,
2016 FELIRED 2 Hlid combination /REA1TS T & T
ROHEFELTWAD, IRELTTFHRIERL <,
BHFIEN S 2 FELNICIEC LT 5. Wagenvoort
SRR X CHIMAER K D, MR E
ICHIE LT L7z D TR A0V EHEZ L TV 5B 12,
Oviedo 5 IXEEEHEANDRBEAFER & U THilhERZE
ZIENT 5 L TR, MEHEZIT 2BBENER
TdH s LHEZ LTS ¥, PVOD/PCH DE(F#ILE T
Z5HL0) EIF2AK4 1%, McGovern 5 HVERE U 72 el D
55 I THMENTENTWED, BETHh-72 7.

PVOD/PCH D Z KT 3D EETH 5.
REE B X COIEN T — T VR O RHELE - 72
PAH & PVOD/PCH 7 #1]3 % Mk — D F B D H AR AT
RTHY, ZOMRTHEBETHNIKELLDS Y,
LA USBXIRIC K D SREMEN K 725 TH S AIREEN H
D, R BNCHHFRERENS % iAMDY IE L W2 N i
UDODEWGEENH 5. SRIORERFID X 5 1 Hlid#hkys
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ZEWMHNT->TLES L, PAH LB I 5% 2730
BEEtH%. T D8 PVOD/PCH W EEb N % IEH
T, ERARRGEIC K > THEEERRGHE 21 Th%% 0 n
BEWTERWEAENHZ EEZ6NED, HEIEME
MEDWIC &> TEMiEME Y T A > ADfEMEEDN
HY, EHEIOMEMRITEREEINS. COkY,
AFTH MM ZTT> T, PVOD/PCH Dizhfic
LN IIEFIBFEET 2D TR RW0h L N
%.

PVOD TUEfiMmE RO R id H < £ THREMN
THO, MmDTzDIIIMBRHEZERG 5% 2 7%
V. B OATE S IR T E RV T DRI D
PAH THfilE HEsRIE D & IC & O Mk Z2 8% 0 K3
14813 PVOD Z RN, IR ZTTY, PVOD/
PCH W%t L WG I RIH OS2 E 3N\
XTH%. EMEMTPAH E2KENTE, MK
Bl & Ghir s, RERZIFICELIRETH
%.

#& G

PVOD/PCH (Z/NRICHW T & M AR G 72 A E e fifi
2 2 U, BRRAEIRPMRA T R A PAH & LIl -
T3, LRLREENNREETHS. LrLED
TRIEIMDTHARTHD, FWIONFEARD HAHME—D
B FE L 7a %, Bl EHLREE TR D IR I ik i 7
C 95 PVOD Z 8l T 2XETH O, fliEmo
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FEEAD PVOD/PCH &I TE WSS, AREED
AIREME 25 C BRSSO T AR $EE ME T3
BHENRNETHS.

I
BEAERROTGEI W & LT X & LIsUERED
ik (M VR D TEARIE R S A 7% B TS HIRAT O Ji B S
B LTV & & U EN R BRI » % —
EORE I eI e T L E S

FIEER
I DOWVT, BRI NEFIEEME (COD 370,

EEDERE
FEFFEME, HEEFEE L UGz Bl Lic. RIS, il
PORER, A, MRS BIEZNNED b OHERUCBG Liz.
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