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Pediatric Pulmonary Hypertension and Relevant Experimental Animal Models:
Pulmonary Arterial Hypertension, Bronchopulmonary Dysplasia
and Congenital Diaphragmatic Hernia

Hirofumi Sawada
Department of Anesthesiology and Critical Care Medicine and Pediatrics, Mie University, Mie, Japan

Pulmonary hypertension (PH) causes significant morbidity and mortality in diverse childhood diseases. As in
adult PH, pediatric PH may be a result of heart disease, respiratory disease, hepatic portal vein disease, systemic
diseases as well as idiopathic or heritable forms. However, the main characteristic of pediatric PH that distin-
guishes it from adult PH is its association with lung development and growth. This includes prenatal and early
postnatal factors as bronchopulmonary dysplasia (BPD) and congenital diaphragmatic hernia (CDH). A num-
ber of animal models have been developed and refined to demonstrate the pathological pulmonary hallmarks
found in lungs from patients with pulmonary arterial hypertension (PAH), BPD, and CDH.

Although monocrotaline and chronic hypoxia models are long-established and commonly used models of
PAH, the Sugen/hypoxia model, which demonstrates human PAH pathology quite well, has been widely used
as a model of PAH. In modeling BPD in experimental animals, a variety of stimuli such as hyperoxia, alveolar
stretch by mechanical ventilation and antenatal inflammation have been applied in rodents and larger animals.
Nitorofen, a teratogen, has commonly been used to cause CDH in animals. Recently, genetic models of CDH
have become available, and multiple genetic models have CDH associated with them as part of their phenotype.
Investigations using these animal models have resulted in the discovery of many important genetic and molecu-
lar contributors to PH pathogenesis. In this review, commonly used and newly devised animal models of PH are
discussed to highlight the effect of basic research on clinical practice in pediatric PH.

Keywords: pulmonary hypertension, animal model, bronchopulmonary dysplasia, congenital
diaphragmatic hernia
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IR IERE L UCHIES 5 C LIFMRA LRRRTH 2D, NEROKREE LT, MioFE - JEE - K
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IRERHERG, NI K5 EME, HAERMOIIER ED BPD €7V, nitorofen 245, Tl
T CDH EfK, MIRIRRIEZ & eI B8IE7FRZER ED CDH ET AN 5 E, HlEMEMIs N T

5.

FFai - NRRE & s I E

Jifi s af = (PHD &, 2 & I 0D 1 25 Jifi 8l ik HE %
=25mmHg & W5 E&KD, EEEMIC, N Z
LIFEHENTER Y. LD The 6th World Sym-
posium on Pulmonary Hypertension T, A PH
ICBW T MEIR T > 20 mmHg, i i 5 1 i 5 5
Pi=3wood HAIANDREESE MR T NEEE L 5>
W, NRTEREESMRAINZ L LS
7o . hEIRE B, BN Y €Y v, i
M DUHE, Fe MRS, FODRERIC K S 0
BIED L5, PRasiE, sl s &2 bz
HEFICEDET5EN%. WHO BRETIE,
NSOMFICE O KEL SEHCHFENTVS V. /)
RTH, PH LBIHET AMMERLAE, REFEMEPER
THEH, DRI, PRI OBk 4 s e B R R e AR
ICHIET B A Y, WHO BB, /N PH DX
HEGIRICIZEADHE L W EEEH O, RIS EL
EABBIESNTYS (Wb % Panama 73 5)”
(Table 1). Panama 7% ClE, AEPEIAOMEICKEE, Ml
DFIGERERTE, 35 KOO EEED SR S 1
THH Y, AFIU— 1,210, FE7RE RN TEE
DFFEFENZETFEN, M LTIV —4 L TK
EXZMAEK (BPD) HZEFS5MNT % (Table 1).
A7 IAV—11, L1 RHMREERBEE, 12kKE
OfifEFEERE, 1.3 RIEONREICHT SN,
RUERRE~NLV =7 (CDH) &, A7 dV—121
(Associated with fetal pulmonary hypoplasia) ¢ '1.2.1.c]
EFEENS.

Table 1 10 Basic Categories of Pediatric Pulmonary Hypertensive Vascular Disease

/N PH ORI S 2 WDIFEREO—DIC, /NRICET
LB EOTE T U ANVDRNT ERET 5N
20, /NEORTEINREER S ML (PAH) 16 LT,
RAGEIE TOMRICHED I 7))V T XLhEH S —
EDONRERL TS, —J5T, MFEREREH
PEM ORI B 2958 (BPD % CDH) Zf:518
PERY7R PHICHT 216 T 281 EIEZ LWV, PAH
IBHEE GRS 2T B e 2 HE L 7/ - 707
WIS E, PAHICR O N EET5E, IE
WEZER M EHEREZE L, PAH OEIWIE 7L 2 Hiic i
HHENTEN, BPD® CDHIC R 5N 2 EZE % HIH
T HEYE T IV OIS b & F 7 IR 7150
VEFIIVHRIEENT VS, AT, MOFREOK
J¥, PAH OJghE, 7 )VEIVIOMEIHT T, /IR
HIDMFEIC B 2 yRHE & B 28 €T )ICD
W 5.

BalREAD S/NREADSUE & I EDRE

BPD &, FAZE 22N 5 283H D, KM~
FHIGEK L, CDH TiF, BREDOEKRE NBIR4: 10
WL, Bl PRI EEIC X 2 BE RS20 % afaetEDd
H5.

il DT E &, M’k 4381w (anterior foregut)
DO HAREIEE N S ffiF (lung bud) M H LK S I
RBETRZTEDBES. MBS 6 KBRS, 5
FliEF S ey, IS D i U E SR OfE & 7% %
(Fig. 1. HiRAEARLE 4805 10 B TERENS.
N ORGE (KEX, MKEXY, BERMKESD &

*5)

Category

Description

Pediatric cardiovascular disease
Bronchopulmonary dysplasia

Pediatric lung disease
Pediatric thromboembolic disease

O WO NO O WN -

_

Pediatric hypobaric hypoxic exposure
Pediatric pulmonary vascular disease associated with other system disorders

Prenatal or developmental pulmonary hypertensive vascular disease
Perinatal pulmonary vascular maladaptation

Isolated pediatric pulmonary hypertensive vascular disease (isolated pediatric PAH)
Multifactorial pulmonary hypertensive vascular disease in congenital malformation syndromes

*pulmonary hypertensive vascular disease L& EhifRIIE (pulmonary hypertension) &WSEERTIEGL. BEGHSMEDES
ICYHTIRESHEVFESE8 T, pulmonary hypertensive vascular disease &EEBEETNTL 3.
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Embryonic Pseudoglandular
Human 4-TW 5-16W
Mouse E9-11.5 E11.5-16.5
Rat E8-13 E13-18
Airway '
Blood Vessel
Formation of the lung Branching

morphogenesis and
formation of pre-acinar
artery by angiogenesis

bud and main
pulmonary artery from
sixth aortic arch

Canalicular

E16.5-17.5

Formation of alveoli and Alveolarization and

distal PA and capillaries
by vasculogenesis

Saccular Alveolar
16-26W 26-36W 36W to 8year

E17.5-P5 P5-P28
E18-20 E20-P5 P5-P30

Maturation and
proliferation of
alveoli continue until
7-10 years in human

vascularization to form
gas exchange unit

Fig. 1 Overview of the lung developmental stages in humans and rodents
During embryonic stages (embryonic day (E) ~8.0-9.5 in the mouse, E8-13 in the rat, and 4-7 weeks in the human),
lung development is initiated by the emergence of lung buds from the foregut endoderm. In the pseudoglandular stage
(E 11.5-16.5 in the mouse, E13-18 in the rat, and 5-16 weeks in humans), the surrounding mesenchyme coordinates
the branching pattern of the proximal and distal airways. In the canalicular stage (E16.5-17.5 in the mouse, E18-20 in
the rat, and 16-26 weeks in humans), the proliferation and differentiation of the distal airway epithelium results in the
appearance of alveolar epithelial cells types | and Il, and the formation of pulmonary capillaries. In the saccular and
alveolar stages (E 17.5 to postnatal day (P) 5 in the mouse, E20-P5 in the rat, and 26-36 weeks in humans), the vascu-
larization and alveolarization processes progress, and the production of surfactant begins. In rodents, the alveolar stage
starts postnatally (P5 to ~P30), whereas, in humans, it starts in utero (36 weeks to ~7-10 years). E: embryonic day; P:

postnatal day

Hidhik (pre-acinar artery) (FHa4E 16 E TlcZ D
DK 725 7 L (branching morphogenesis),
AL OKE (PIHIRE S, MilE, k) &
&, MR 16 HLRRICIER E N B, SEROImE 1 F M
kD 5 7315 L T angiogenesis IC & O HIE L, A
iM% (intra-acinar artery) &EMMEE, Mt 16
D 5 I RS D IR WIS vasculogenesis 1 & D FE
RENS. ZO%, KMAEHR, EME, Mk,
HWCEA L, ek 26 B3 FEEITAE R E N
HALZHAAREL 755 7. iR 36 JEEIC I
BEE 50, 3T AE T, 2UHICZOHzY
9. 3PS, MR < DI RRTR & 7
9. U, v hEEOTFoWMIE, b NIk
NARFIS TSRS T 5 T LIdFEREYET )V
TIRHETH . b FOHEROMTIEIL 20X10°
THBN, T08REICIEMA LK (300X10° i)
L EHEEENTWVS M, pre-acinar artery (34
TRHCIE, BUVEEZRFOM, Ltk 4 D HEICIE, KA
DIIE DIFRICE D, A LR L)V & T 7%
2 10)‘

I BGEFE D 77 F RS IE A R B 20D, <D

D OHLLINIRREIZZ RIZS 0 F AR EN, kA iR
HMOBICH 7 HEMZ S5 LTV . D%
AW, i CIRER SN T Nkx2.1 DFEBIL, AL
SUBETE I 13 Sox2 DFEBINEETH 5. branching
morphogenesis @ ith f# IC &, FGFI10, Fgfr2, BMP4,
sonic hedgehog %% EMBI G- L, KRWOXGEDIE KIS
& Sox9, 1d2 72 EDEEHNEELEEZSNT VS, fifi
IS ZililaiE, ERziiie, PRz G, U
2 NE), B, e (ROE, M), R
MfE, AkMERAIRE, —a—w, il (Bilas o
n7y—) RELETHD, INsOMIEDRIEIC
DWTHA Il % 1.

it A 15 it = I FE

PAH DOJFHERFZ Dl ic &, BPD %> CDH 7 &
PH £RICHET 2 EENEGENS /20, b - PAH
DOJFHL & PAH EERENWIT T IV ORZIC B L THRAW
TR EIHEIT S.
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BrivEh B 14 B s L D YRR

PAH D5 K Tld, 2000 F 15 TE KA T (bone
morphogenetic protein, BMP) 32 7 {4 11 Y ji& {x
(BMPR2) MV [Al5E & 72 '®. In vitro T 0 BMPR2
DFEREIC DOV TIE, MENEMRTIREFRTE L
T, T A U BB R R 1 & LT
17 ST s & OF 2 LI RIE
FEICE DB T EARENTNS 2, SJZMWE
SOMEE MR, BMPR2 B TR EHRIFEDS B
PAH #FJET % DIFHI 20% ERWVZERERT T &
A5 2V, PAH FEEIC 38 5T 5 & BISR  o #
WHEEE N, BMPR2 \ZIEEBIEZMEL T & U CHfR
ENTV5.

BB Bk 14 i =5 M FE DI ZEAZ Al & MR LB T B 3R-E
PAH {3 9% [ 4 I 1 heterogeneous 7% ¥% i T & %
A, IfERZ & U TH@Ed 2 50 E L FICERE
N, TH5IE, BPD > CDH DI ERZE & HiEd %
655, OMEHERFOM T >, BHEHH O
BRI OMAEZ L 2P 1T X B M I,
@AM IME DWW, @A ARBIRO M MAL, @
M FEAEIEIC & 2 HIRIEE, GPFZEMEETEN I

Vascular Lesions in Human
. - -

A. Control
(Unused Donor)

B. Occlusion

C. Neolntima and
Medial Hypertrophy

D. Plexiform lesion

%z, ©mINZ, ORIEMPRMTH 5. Mgz
FhEE e PAH BED S E N ifikic Ron
Tz, WSR2 2o d 20 (Fig. 2). BAZE L7 AR
Bk (Fig. 2B) ONMETIE, a-smooth muscle actin
(SMA) Z3Bld Bzl 5. iz, RELEN
B4 (Fig. 2C) I &a-SMA EPEAAFEES 5.

#kWiZE (plexiform lesion, Fig. 2D) T#&a-SMA [
PERINA 2 388, BEORRE U 7fnZ8 s JEA1C & CD34
Bl OEBEMN R 5N, SERME T v 2IVEEAD
REEND. TN OHLED PAH JHIEIC B % 1E
ICDWVTIE, BRRZTHEGERDHT DN TS, OMmEI
fii L @~@DHIMEY €7V 7D, WINNEDFRE
EASEDR MBSO ERICHGT 200, i
@@ N ARMENRD ML @FE ISR ZE 7248 S flllfd
DEJRIFFERNCIF R E N TR, FrAENBRZRIC
DWTIE, MENKMROREEEE 72 WENRE
5NBM Y, WIHICIZa-SMA Z BT BHll1E 75
N (Fig. 2), TOHRICBIL TR, #EdiorhrnTtn
% 2890 BEIRINZE TR T A b — o R P R A
D7 1 —F )L s HEHE I E N R ATE I DB G- 2R &
NTVBAY, ChEOBFICRHELRERL S
%. 7z, BMPR2 7% & OFREBHEE AT DT DR

Pulmonary Arterial Hypertension
[ A

Fig. 2 Pulmonary vascular lesion in human pulmonary arterial hypertension

A. Control (Unused donor). B. Occlusion of small pulmonary artery. C. Neointimal formation and medial thickening.
D. Plexiform lesion. Movat pentachrome staining and immunostaining with CD34 (endothelial cell marker) and a-smooth

muscle actin are shown.
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RIS BT B IRENI AN TH 5.

PR 14 i 5 0 FE D BN E 7 )L

PH O TR SN TE /2 “BHER €TV & L
'C, T/ 72y (MCD), BIHEEBEREEICD

TR L, BRI FE S N7z i & A B SE A

? (VEGF) Z75RBHE A SUS416-+18 MK e 22 52 %
(Sugen/hypoxia) E7 )L *3¥ 12DV THIRIT 5.
a) £E/70%2YVETIV

1960 FARNDWIZET, T v M XARAEY) Crota-
laria spectabilis DfE7Zz, HITHEWNEE D &, HEL
R2fES 5 o MMEOARRTIRTT ST EDNHSNT
Wiz, Z0%, MCT (60mg/kg) 1 HD R R4t
Kb, YIHOmMERFICHEE, 14 HERICEH
BKRERT T RSN, MCT #51%, 2~
4 Hic &, X3 7Y monocrotaline pyrrole IC & % N
Jebad 2R L, MCT #254% 8 HHICIE, J@H T
JED7x\ (normally non-muscular) AKAEAHBIARND
g JE O B (muscularization) MBI T NS X
5127 % (Fig. 3B). #4512 HHICIZMBIRE L5
EHBIEARERD S T MCT #54% 8 HHICI,
AREEAOIIER (v 7na7 7 —) 2iZild

2 W MERAE L PHIZETL, BE5%3ET A
ST B AN, 5 BELLEOETFERIT 30% L4

TThHs . MCTEFIVCIE, HEITHITE NSRS
B IFESH R V. MCT EFI)VICHE T E BMPR2

DRIULFLBMP > 7V V7 EINRENTEH
D, bt PAH & OBFICIIT 2 A RS M
LEZBNG Y MCT OFMEICEEEN DD, <
T AT MCT #5112k D PH IEiFFEE N,
b) BHEBRIEEETTIV
DRI T CTMBIRED 59 % Z & 13 Brad-
ford & Dean I & D BAI DN H L ¥, FERIIC
i& Von Euler & Liljestrand Ic & b g N *, D
NT—TIEDEA, ¢ N TEAMOBIRNBIRE
Nz, Sv kY 2AORMKBERE T, Fv
YN—=ND 10% ERREREDHOENS T ENZ
W, BEHAABACKOBRREEZIY Pu—)Ld 5
(normobaric) F 7zl F ¥ >/ N\—N SRR
2179 T LI KD F ¥ UN—NOKUEZ 1/2 KUEIC T
¥ hua—)Ld % (hypobaric) EENEH I N TN 3.
RETFIVTE, ERRREREANOREICED, W
ORI M PR E N, (KIERREE 4
H B 38O MBiRIE EAEZE NS O, 20

Pathology of the Animal Models of Pulmonary Arterial Hypertension
A. Chronic Hypoxia, Mouse

Control

3 weeks 7

C. Sugen/hypoxia, Rat

Control 8 weeks

-

Normoxic control

D. Chronic Hypoxia, Mouse: Neomuscularization

3 week hypoxia

® e o

aSMA aSMA

E. Sugen/hypoxia, Rat Occlusmn

Fig. 3 Pulmonary vascular lesion in animal models of pulmonary arterial hypertension

A. Chronic hypoxic exposure in mice. B. Monocrotaline induced pulmonary hypertension in rats. C. Sugen5416/hypoxia
model. D. Small pulmonary artery (PA) with neomuscularization immunostained with a-smooth muscle actin. E and F.
Small PA occluded by intimal formation and plexiform lesion in Sugen/Hypoxia rat. EVG: elastic van Gieson staining;
vWE: von Willebrand factor; a-SMA: a-smooth muscle actin

© 2019 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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%, 2SO THBIRE S ESF2RiT 5.
0 SU5416 15 +1EMHEBRRZETIV

MCT E7 VB EEELEETIVTO, Ml O
EZEE, RIEOEHE I EZ DRV IE D
a-SMA FEPER AR E O B (muscularization) TH D
(Fig. 3A, B, D), b PAH (Fig. 2) DX S ICHEN
EDIEHIZERD RV Y, i, PAH %2175 I
TORKZEBETH - 7h, 2010 FFICNIRZE D H
WRZEZRD S b PAHICHLIT 2 ET )V E LTH
1 Uz D h SUS416 £ 5 +18 KB £ R 7% (Sugen/
hypoxia) €71 TH5 *.

Sugen/hypoxia €7 /L2 ii¥E L Tc 7V — 7 D %EH
&, Tt b PAH OFRZINGE Tl&, BH M i
DORHEIC X A NHARIMEREDN S NS LW0H
SUCKED E, VEGF OFHFIC K% PAH £ T IVOERK
DEMEET LBRTVS Y. KFHE, VEGF &1
BN OMERHC EBEZN T TH D, VEGF OHEH
I K D B N R B RERE A S HIfSEIC £ D, 7
A b= ZEGIWED ME N A O S HEEGE R &
N, PAHREZIEKT % & WS HFTH -7z, VEGF
SRR SU5416 X, Sugen fHic BT, MAIA
B L U TR S Nz VEGF %% A /tyrosine kinase
ZME I K7 FIEEYTH Y, high-throughput
screening O 8 % T 7 A & 17z *2. SU5416 O if %
PEEE, thoERBREVICBWTEFIEIET T
% % EHME T TOSUS416 DG TIE,
DIENIRED 7% BH B DR TH > Tz, 1BIEEKE
FRG LA G DRTIZETIVIE, SU5416 (20mg/kg)
DH[E| R4 51%, (KMRIRBIC 3 EMRET S C
Lok b, B NBIIRIC AR IR O BETEIC K B PASEMES
ERBDBHEFNVE LTREENR ., @, Sv
k& 3 EMORBERBRICIERBERICRK LT
fET % &, 2~3 %I PHIZERHR L, Ml
2% 3B4#Hd 27, Sugen/hypoxia £7 )V Tld 3 D
KERRBEOR%, ERBRREICAL%E PH &1
EWRZIEIT L, MRRIICIE, BIREERES S X
512725 T EAVRE N 9% (Fig 3C,E, F). T
SU5416 O Hi[aI Rz T GMK I 2R 555/ 5 2R P I
XBETIVA, BIE Sugen/hypoxia €T )L E LT, il
ZIE TR O TRV S NS K5 1ckk >
720 WEFLVERY, TVERRY VLTS a—f
PUEIC X 2 WASBRIRERGEE LIz L T 5, BIICH
5N HHEEPASEIR A R IGHER T 2R U, TR
DAY R HER#E %75 L7z °”. Sugen/hypoxia
EFNVIE, ITRACBVTHIERIRKASN, &E
PH, NBEEKZMNS MEY TFV 2 72D 5 &M

ARNRBERSBSFRIME £3BbE F25

HENTWS ™ B, ABIERIC & 5 SRS
ZIRHENBD, MTHY, @ PHICRHS Lk
VWS BfiEse, < AT Sugen/hypoxia €7 /LD
HERIINEETH S L T2EREALNS .
d) BGEFREETIV

PAH D5 AT B AR E N5 kA TR 1%
2=y L, R COBRTFRZICA, ik
RESREY, BERERRSRAICE - FE B 72 W U N E e 22
FER7e EDORBRINRFTE N TS, R TE PAH &
AR BMPR2 OFERLLIR#IX, BMPR2 jEn1X
BETIVOMBKIDEA TS DREE 2. GEl O]
o7z, BIEFRAEETIVIEDOWTIE, Fllic
%, Gomez-Arroyo 5DfEH ) #%F%.

SUE M ERZ K

K[EZMEA R DREE

BPD (&, 28 LA~ RN (i D54 Belig T ik
canalicular ], Fig. 1) ~ORMIRIBCRESR, R
IR EMRITEICK D RETZEHETH D, 2R
fREZFIEL, NTLFRZRICXOBEREREZRG I N
RERICBOTE, BERERRIE, BHEHE, AT
Wi X Wi (baro- or volu-trauma) WA4:f%
DIFSERIRARHET B Llc kB LEns V.
Northway 512 & D AN E N7z @ B
iz iy & UTX % BPD O %
old BPD &FESDICH LT, FHoLDMish TAHAMN G FEE
RICH 501 % BPD i&, “new BPD” &M, MfigsE
DIE L VS WFEICESDEINS . ANFEEICD
W, HARENWTI 1990 D SRR, X 7T
B QUARRGIEIRERR), FENRE GREFEFERR
R AR E) IR I KD, JukD BPD 23, #i
g E (CLD) ZEESHINTEC L
A5, CLD DEREADFICHAETNTNS Y. Bek
Tl 2000 £ National Institute of Child Health and
Human Development (NICHD) @ workshop T#HilL
WBPD” & LTEH® &h, BUERCKERLET S
Wi X7k E T BPD LW S IEARDEICHO BN T
5. TOXIEENNTOERDZFITITHEENHE
TH2M, AFTHIHT 2L OXHTIE, NICHD
DFEZFHA L TWVWB T &5, ARTIE BPD Oid
LI 5.

BPD IZ 5 D2k, EEATRIChEEr s
Z, FHEIADSRAIICE PH DR T 5 2 DRI
RENST REY A 2L LT OEEADHR
MRETH 5. RobDFEREROUEICKD, R
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A Bronchoplumonary Dysplasia

B Down syndrome, ASD/PH

Fig. 4 Lung pathology of patients with pulmonary hypertension (PH) associated with bronchopulmonary

dysplasia (BPD) and down syndrome

A. Small pulmonary artery (PA) with intimal lesion (top) and enlarged alveoli with thickened alveolar wall (bottom) in a
patient with BPD. B. Small PA with medial hypertrophy (top) and enlarged alveoli with structural simplification (alveolar
simplification, bottom) in a patient with Down syndrome and PH.

FEROAEFERD FRICK D, BPD OfeE RGNS
5 EEZ BN, BPDICfES MiE R EFICH LT, /)
IRIEESEPE I & OB R D BN S ),

VB SZ il 2R DIRE

BPD IC A6 N 2 ififHfk D Z(kid Tld, MifldoE
A &l OFEEREREIC K DR OT 5N
% & iFSERBEOEIC KD, Mg kEaD
Bk U (alveolar simplification), #&5HIYIC /T A
SRR T B 0. s OANEIC k0, il
WNOW A5 & Bl B/ O 7 ALEEEEEDN LK T 2
(Fig. 4A). MilJERCEEEIE, X0 VIElER R E DR
R EROMTtE 5N (Fig 4B). DK%
kG DZAIE, WY AL M Z2EE L PHAED
SR EORREE 52 . Kk RERY O PH
(& FIE BPD SED PRI FchB T L7 & REH
TH D, BPD OIFAEICIZ T & XGEM H O E
HTHBHENRBENS.

[EZMERROEMNE TV

BPD OFWETIVICIE, TR, Sw 7 g
DF > EENES VB NS D, THE, ke
W KT 2T v 7 Yo KBIREREYE
Anbnsg, xUXETy MBAEICHWONSHHE
U, MR AN E N C &, A 2~3 lR TR K
Az5e 795 (Fig 1) 2&, ZLTHHATHAELE
IKe, WliDFEEEREIE, saccular stage TdH D (Fig. 1),

b~ OENG 26 HARE THAET B & b & RIFDFEGEE
MTHBEMIEFONS. TNDIIEHTHEL
fex U X, v heREOMEEETIVERVWS T &
DR TETEN, T A, v M, saccular
stage DI CRAEIL I AN ATRETH D, T DR
b N DIRIE L BRI R R 00, FEIDLETH
% 72787 g 5L T BPD ZAER T B eI,
a) mEIREMERS (hyperoxia), b) HAERTDRIEIC
KO MREZEKT 5ET )V o) VEGF v 7 FIVIHE
d) ATHSIC KB MHEEG EMER TN TV S.

a) BEEBRRSETIV

ATy M 7~14H, SEEBE (60~100%)
ICIRFES % £ 7 )L 7% W BPD OJRENMRE TN TV
%7 HET Y MC95% D EEEEER R LT
TIVTIE, WAL K, Mgk, fifmiEes o
WA 7E e - BPD & [AMEDNIRE 2, PHHE
HEn, REFIVTE, MmENRKEEDmE
BRIGMERLTWA Y, HES Y Fo 7 HEDE
IBEMERTZE, 10 HBOKEKT v b OflifakE
KBTS ENRENTED 2, FEHORE
AN G Z 258087V TERBIN5.
b) HERMKXEETIV

BT A (chorioamnionitis) 7% &G T D RIE
lZt k BPD OIER 7 TH 5. HAERICTY R+
T URFIKNICIE T % &, EIREREZE BPD £V
DfGERZ 2 T X & % il ERA 2 ME X &
BTENRENTVS W,

© 2019 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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o MEANEEERF> Y FIVEE

F&F® BPD 7))V CIE, VEGE 7+ V7K
EHIME D DIRENT VS D, SU5416 51 X
DHET Yy SO VEGE ¥ 7V EEL, mEHE
2 % &, MR EHE XN, BPD & FEED
AT RATER & N5 % VEGF &% F 1) » 7 DR
#HK ¥ TH %, soluble fms-tyrosine kinasel (Flt1)
TR S v R OERENICIREG TS L, FiET Y R
BPD [ERDZLZ & 15T . ORI, HRW
IC Flt1 & preeclampsia D 7K T F5H L, preeclamp-
sia (I BPD RIED ) AV W T TH BT Lic KT
% ¥ B OFTRIE, KOEDIEH L MR,
MHHEICHET 5 2R 0L, BPDICHI) 5 MiFERK
EfEEE PHHIEDOMGRZEZ 2 LTEHEETHS.
d) AIFpRES% AV aEREET IV

KL v %0 Ry DL Y OKRBIEERTY)
1~3 AR A TPERE 2175 &, &k BPD &[AkkD
fOERZEL &9, TNEDETIVIE, KAFY)
EHHLTWS T NS, ‘new BPD" Z# X HIHT
2TTIVTHD. TNEOETIVIE, EHIEIRE) R
P R LBEEW AR K E, BITRBENA
OEMEEEHNTRHHI N TV S,

SEXMERREYE T IV E BV s nEAE
BISIR L LTI, sildenafil 7z & cyclic GMP R3#
FIOFHRMN T b ETIVICHWENT WA, sildenafil
1%, hyperoxia BPD-PH €7 /)LICHW\ T, PH &fififd
REMEZWET ST ENRENTVE Y, ¥ 7=
g 7 Z— BRI TH % riociguat &7 v M E
W, MifafEZbOdEIC WV PHNSE TN S
TENRENTWVS . % X0 BPD £V T,
PDE5 D& cyclic GMP O AVREN, sildena-
filickb ool E EEICPHBSET S L
WRENTWS . 7z, PDE5 BHEIC & b fnisHid:
MEHEX NS T EH in vitro TEHREN Y, sildenafil
IC & O BPD i I Hr IR E DR R E RSN TV
5. TNEO—EHOWIFLHIED, sildenafil HVF K
BPD-PHICLIFLEHHENTWA I EEZ BN
07, FOMBRBEFIC OV THIRMIC ST
T YUARRTEZ R SHOBETH S.

EXRMEHEREANILVZT

SeRMMEIBREA IV — 7 DiRHETRAR
CDH &, EHSEE O (3000 HAEIC 1) EE
THH, RNERREEORICE Y, BT, IEER

ARNRBERSBSFRIME £3BbE F25

fes DI L, DOlitie E2 L, A%
DAY, FrAE VB M & T 72 £F S & DK
MHMIEE &9, THRAREETHZ Y. @ED
FHRIERR, foOBEIENK, AOEKERT, ot
HREE DT IEMRBEO G0 EN, PHRARKFT
H5. PHIX, #HHERPOFMNZEFHT 2550 H
D, R, EHEE TR L, JEER ER & EHE
5T EMREENTNS .

FRMREIREEANIL Z 7 DiRE

CDH Dfifi ¢, Mmoo E, ideEo s
75 EDXGAD Y, BifE O E O, SR &
FEDREEA RS N, VB R 228 JE 72 R 7o 70
intra-acinar artery I & ffitE{LAV R 50 % 100109,

MR D72 & T2 T R OFAENIREBE TH 2
congenital pulmonary airway malformation (CPAM)
ICH 5N B MRS PH I3, CDHIZR 51% PH
KoE@ETHBT N5, CDH O HEJiE PH ¥
FEWC I MREN RS O B LN DR 754 % £ & A
BNTW5. MiRREXIEZ 4 C 2B PRI Y AD
ZEIEESNTOED, ZNHDZ LD, OB
WEHHES T LIETONRGEHZSZRE L, BKNICE WD
MO CDH FREEFDFEE SN, MRV =771
5 PH FIEICIIE 1R P EREA 7O 5 OfE
MRENEENTVS 19, et kBRSO AR R RE
IS complex CDH WV 40%f2EdH 5 C &, Hta
RO RER EDfRN A5 & 19, CDH FiEic ¥
\J B EETREOREIDHEE TN TS, FRIKIICIE
CDH O FENOMREN 5, ZFPM2 (FOG2)'1%,
GATA4' and GATAG"” 75 & DBz 7 IMRHEGEIE T
ELTHITENTVS.

ERMEBENIV_TDETIV

CDH DJRHEWFFEICIE, (T > BT, a) teratogenic,
b) genetic BHWVHN, LY IREKREYITIE, o M
FHATMIC K OER LIz ET VW SENT WS, 4
RHET IR FToIERENS Y.
a) teratogenic €7/l

okt X flibNBETIVZ, nitrofen €TV T
H 5. FoWEORHMAIS nitrofen 1572175 72151,
A% E R SRR EF T /) —X Kz LIECT
% T EAHBN TV M, nitorofen O 7 KM 1&
MEIEERIAICAE U % 728, nitrofen (50 mg/kg/day)
Z, b O 4~6 HICHN T %, E8-9 (WU XA),
E8-12 (T v k) OULURRHMEMKICHEREG T2 L, b
~ CDH FLIOREFRL O KIH L fiEIE R 2 E C 5. Bl
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WREN T LI, RERINCE Y, 42U % CDH Ok4
MWEES. RO 5IC X E[lo CDH ZET %0
ISH L, %OR5TIE, Al CDH &7x% 1Y,

b) BEFEEETIV

PRI CDH TH SNz B85 7B H OB IR
bN5DICH L, B rHERY AT, BEET
i, 70 D FoBETFRBICKD, TOXREE
D—ihe UTHREREZECZ T LT,
% 19919 retinoid signaling pathway''¥ > COUP-
TFII (NR2F2)''™®, FOG2'®, GATA4"®, wTI1'?”,
PBXI' K ENHIBNTWVS. ThbOBLETFRIE
RYATIE, BBREREE RS, IO RERE & 0
5. WREK T PBXI ORI KD, WEFEIHRIER AT
BTEMNRENTWVBD, F~T AT, EINKE
WEEH 7D T VNS Y A E L, HiE RO M
BIHEMNHEEN, PHICED> TWA T EAREN
7o U8 RERRIBE AR & G B2 RIS I g % > o
Ve UTHIKENET IV TH 5.

O eVIREFFHETIV

BERREIS, BEUE 80~110 H THA VIS KRR R ) 45 7%
VERS % 1. F o D ETILA, CDH DIk
Fe B m il OBfRICRIH T N B0l L, KB
YO E 7 )ViE CDH DIEHEST ADHIEICDEN D

REFIVEHY, [KEMECKOMOREMEET N
% ERRT —HOWMEND O, HIKTO, fetal
endoscopic tracheal occlusion DEFFRFAERIC DR >
7= 121>.

FRMEMEIRRANIL =TT 7 IVN\DEEDR

nitorofen €7 )LV DRHMAZ v T sildenafil Z#% 59
%L, CDH ZfES #HitES v F OffifRA & PH Hik#
T2 LMEEN TS P, %7z sildenafil +bosentan
OHE5XZMRERENTVS Y, nitrofen 7L
RELTREETIVOL LD, HERRICEGETH
DR TOFMIMNNETH O, AT R 2R
JER G OIBEI R RS T LICREN TV, ol
LEINFETE, 28/ v 77D b TR RIE
4 U TBRETH B G R PBX1 D&%, Hififd
MOATCRIEELcay T2 a bV /v o7 e
TERR U, E17nhea 7 V% HORRRIRIE RIS B D %
BETFODERRIHAORERREE 2 &3 L ZRLT
W3 M PBXT RIE T A T PAAE SR K
PZ2Rd K5 THB. HIRMNICSR, FENRBERIE L i
BB E O T RIS DN S C D E NS,

fm

B 20 AR D @, PH THIK O i BE PEAR 0 I6 181 D
HEHRICEELWEDOND S, TNHDRBHICIE, 25
DT T IV UIWem R iie LT E % EE K
T, MCT*®, KBEOTTIVICNZ, X7 A%H
INCEAE FREFI B EA TN, PAHICDWTIIHA
TR SR ENTWS. b b PAH Ok EICIE
T Sugen/hypoxia 7))V T v F DS NIz D
X 2010 FED T & THB. NRERICEEEHT S, Ao
ik, REREDREBETIVHDE, HAKMANE
BENn T3, KT, BPDX CDHICRS T,
RRC “B &k 2 EED o TEHED PH” Z2#%50 T 5. ik
MNORK" EFAIN TV D ERDbNS, T
X5 G PHHIOE RICH B EKNZHE Z BKE, HlidDFE
i ERFESORBIEERICBY 2EEO S T
RETIVEIOXRBIBIOBIZUZ, MIDEHKIC & HE
BAEZ5Z T NE2DTEEVIEEZS. TNH
X, /NEEIPH 720 Tid/a <, A PH O RICE
B> TL AETHADNE LNEW.

E I
AFICR U T —8E O WFgE &, JSPS B if & (No.
23591565, 26461606, 17K10140) OBKAEZF7-& D
T9.

AR
ARRRIT DOV T HANRIEEER AR DL 8 2 PRSI B9 %
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