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Trisomy 18: Pulmonary Histopathological Findings from Lung Biopsy

Masahiro Tahara

Hiroshima Central Street Children’s Clinic, Hiroshima, Japan

Trisomy 18 is a chromosomal abnormality syndrome and is associated with congenital heart disease in approx-
imately 90% of cases. The most common form of cardiac disease in patients with trisomy 18 is pulmonary
arterial hypertension which often causes death from heart failure or pulmonary arterial hypertension-related
episodes. Some investigators have recently reported that intensive medical management can extend the lifespan
of patients with trisomy 18. Histopathological findings in patients with trisomy 18 often show mild medial
hypertrophy of the small pulmonary arteries caused by pulmonary arterial hypertension regardless of severity,
with relatively common findings of medial defects and hypoplasia of the small pulmonary arteries. Pulmonary
disease-associated upper airway stenosis and alveolar hypoxia are speculated to be associated with complica-
tions from pulmonary arterial hypertension. Hence, research on pulmonary circulation, including pulmonary
arterial compliance, is being conducted, and discussions on the pros and cons of intracardiac repair for congen-
ital heart disease are being held to improve the long-term prognosis of patients with trisomy 18. We hope that
further accumulation of evidence from multiple perspectives will help in the decision-making regarding the
treatment process and improve the quality of life of patients with trisomy 18 and their families.

Keywords: trisomy 18, congenital heart disease, lung biopsy, pulmonary artery hypertension, prognosis

18 hUY I —I3HEOH VR OARREIERIECH D, 9 90%BIERMLREZ AT 2. LIREDZ
EMMFREMNTOEETH O, ODARPMEMEREOTEYY — FTUL RS L2 0D, il
HREHRIC K D EM T EAEET 2 VI WMENEA TS, 18 MUY I — ORIk, Hlim e
9 B il NEIRO L IE DR E &V S KD D D, BiVNEIIRIP T RS, il NBIRIRIE s £ DR
RZRH 2 T ENHBNZ V. TNSImA, EAGERAEDMZEICHE S Ml e 2274 & & i
BUFLBEL T0B T M HEREN TS, Kz, BRI Y 7547 VA ZEHMIEERICEET %
BEfbirbh T, BN PHRUED DI R OIREICN T 2 0N EBEROZIFL#EimE N T
W5, SHRLZAMICEREN TS ZET VAN, WWEAEHREDO I LR, & - FiED qual-
ity of life (QOL) DUGEEICEMNS T LICHfF LIz

5 Lablic HETZTEMEENDE LS O, EERNY

(LR IHETH % BaEbAE, SXUEBEEICHT 21818

RO LES 18 FU Y I—1F, REIAH S Fifitirbh, RHPECORDICES LTS 71,

FiE T2 a0 L, THRRBEENTER. E, X5l & EBMAETHRUGEDTZHICLREER O
18 MUY 2T 2D F VR T D EIC BIELEREINDE LB TETLS 192,

FHHHRSE 1 T730-0029 ABRARHPX NI 7-1-3F  KBTIGED 2 EL 7V =y HIEEM
doi: 10.9794/jspccs.39.51

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery



52

THRICKEGETZ L EINZFHRMDERD 18
KUY I—=ICHZ BEICOWT, MiEMiRkr R A
HUDICHE T 5.

18 UV I —DEIE

18 r)YVE—

18 U YV X —1Z 1960 I Edwards 51 X - TH)
HTHEEINZ, 8B ROKEEDHZ VT —HDOE
IS S RBHIERRETH 5 2. B 7
ERIT BT 2 PEATEOFE T 5 A X 3,500~
8,500 Nic 1 A& ENTEH, BIEIEHAEmZNY
SOGBIN N TULHE Hifn s & O 8Eh 5 8,000 Al 1
ANOHiEE L REE 5N TWVWS 0%, Bickid2:3 T
LZRNZ L, BROEFEI D TFENECDOY) X7 0 HE
W2 7V R DY I—HKRE (93.8%) & BH
YA M (4.5%), NAERAHERLFEIC K 55 k
VYV 3I— (17%) Lilons .

VRV =T, RIS OEEREREZ
2L, BRI (Ffeo&ERL, o Hkokk
&) iR, FRMOEE, MRERREIHE iR
SRR, EACEMAER L), MLIRRAGIHE (B
B, BHAL, BRIV TR E), WRIREGHHE (B
B, KEHER L), BfRER (iR L), &
FX AR (FE O RS ORI FOE W,  FPAR L fEnT
W, SR E), WS (TSR L), HERe%
Bl A OiEe 5 % 22263030,

FXRMEOEE

18 UV I =D 0% ICHNET 2 e KM LEEE
&, D=EHFERIE (ventricular septal defect: VSD)
RD0EHRERIE (atrial septal defect: ASD), R
BAfF (patent ductus arteriosus: PDA) 7x £ /A5 504%
ZH9 B i AL OB Z <, 55 52~60%
MG MTEER T2 INT0S >, 18 hU Y
S—OFERFECIRRZ, AED S OIRIET]OH e T
BOARE &R RRICKK T B fiHmE Sh T
b 3 Kosho BIFSERIELIERE « DAE (96%), fili
il (78%) 7215 5ic, JEEM ALz (26%)
FlFMmmERETEY — R 26%) THELT S
WML EHELTWVS . —F, Cereda 5I30E
FRITLE S DA OE A, AR, P
R, FEE, HSEMEEITLE S ERTTVS 2.

£omFE
18 MUY I —OAF I AL ff 10~14.5 H,

ARNRBERSBSFIME £39F $£25

1HEAEERIZ 5~10% LM SN 5% L EmR
T& B NIC BT 2 BEOFRERE O,
BN ADEZ SN TE . BE, RPN T
WS X U &3 2 H2AMTERD RIS & b &
WHTEMREENEES1CED ?, BE Tl
HBEEREEL, FEEBEANOBITZHNE U CREMmT
BRZITEANALNE K HICED, 18 Y I—
DA PRSI E L TETWVD. ITFE
@1&2@5@73,\%&%:% Table 1 L:ﬂf\.—é— 2,4-13,15, 19, 20, 23, 24, 37—43)'

18 F UV = — DB EIRERFTR

i, e RMEORBIC I % e A Rqg, i
EIRADIED, FRGEPAZONliE I BEE U 72 il
BRSNS (M 22 M U U S i L & il D5 F
RL7%EORARERIC K-> Tl EfET T h 5 0,

it 5 5 28 D ESERE 1, Heath-Edwards (HE) 43
M ERZE T ED (1 RIREEDOA, 2 1A
JEHIR A N B, 3 5t NRRRME TS GE I B, 4 5
it/ NEOIRRE R PEdR R, PIRRESIRMGS B, 5 8 ¢ i
ERRZS, REENIRLIE, 6 K @ BIEMmER (1~2
JEE 2 Y, 3~6 [ D RALYE)) 7 R IPVD (index
of pulmonary vascular disease) (filfil&WZ2IC 1~4
ROAAT 2 THIFEZ KD 7= & O 1 IPVD=
[(1Xn)+(2Xn,)+(3Xn;)+(4Xny)]/(n,+n,+n;
+n,), 150 ABEAREZR L, 2 580 AR PE RS
HO, 35 NBRREEIEED O, 4 5 PEREED
b (IPVD2.2 LR FiARAAE) % TofiEsns
(Fig. 1a,b).

Yamaki 51, @iyt o8 T iR i
S MBIk D BT L, Bl Nk AR AR S
% T & TR Z DT 2 HIE T 20, &
D i M DAFAE T Tl FhBEARE I in 2 T N AR 5E
PERZENELCTL BT R EBLTVS O, x5
I Yamaki 5%, £ 6 WAL EOAY T VSD %2
fE5 21 MUYV I—LIE21 MUY I —Dfii/NEIRZ
e U, 21 B YUY 2 — Tl S R g 2 fifiZ)NEh
MROFEALENEETH D, MO EZZITT
<, WEBEEMRZDMHE LRI, ElmELTw
2 53).

—J7, 18 FU Y I—IZHBWTE, Van Praagh 5IC
& 2 SR O %Y R Musewe 51T & 20T O—Ff
RIC R B 1CB0T, 18 MUY I —Ti3gmk
IEH R KO & AR MRS FEENCET LTV
ATREVEDHEII S N T E 7.

HAEF, @il OREICES 18 R Y I —A



53

Table 1T Summary of included studies analyzing outcomes of cardiac surgery in patients with trisomy 18
author and year num?er of age at the first surgery palliative corrective surgery discharge hospitgl survival median'(range) or
subjects median (range) surgery# home  mortality mean or survival rate
Graham EM, et al (2004)%” 24 145d (6-2479d) n/a n/a 21 (86%) 4 (14%) n/a
Suzuki E, et al (2008)% 3 1m (26-86d) 1 two-stage ICR2 1 (33%) 1 (33%) >1y 67%
alive in hospital 33%
Kaneko Y, et al (2009)%? 17 66d (7-258d) 10 two-stage ICR 4 14 (82%) 3 (18%) >1y 47%
primary ICR 3 324d (12-1384d)
Kobayashi J, et al (2010)? 5 14.5d (7-194d) (palliative) 0 two-stage ICR4 4 (80%) 1 (20%) >1y 100%
349d (258-402d) primary ICR 1 815+389d
(corrective)
Muneuchi J, et al (2011)* 9 50d (14-295d) 6 primary ICR 3 5 (56%) 2 (22%) >1y 25%
22.4m (3.3-241m)
alive in hospital 33%
Maeda J, et al (2011)® 32 1.8m (1d-18.6m) 23 two-stage ICR 2 n/a n/a  alive at survey 56% (61% in palli-
primary ICR 3 ation and 40% in ICR at survey)
unknown 4
Costello JP, et al (2015)® 7 105+94d 2 primary ICR 5 5(71%) 2 (29%) >1y 29%
106d (13-1778d)
Ehara E, et al (2015)'? 16 25d (2-167d) 14 10 (71%) 4 (29%) >1y 29%
2m two-stage ICR 1 1 (100%) 0 (0%) >1y 100%
7m primary ICR 1 1(100%) 0 (0%) >1y 100%
Tahara M, et al (2015)” 19 36d (20-69d) (palliative) 15 two-stage ICR4 17 (89%) 1 (5%) >1y 74%
alive in hospital 5%
Bruns DA, et al (2016)® 24 4m (2w-41m) 4 two-stage ICR 1 n/a n/a alive at survey 88%
primary ICR 17
unknown 2
Nakai Y, et al (2016)? 10 47d (6-123d) 10 0 9(90%) 1 (10%) >1y 30%
495.4+512.6d
Nelson KE, et al (2016)*? 6 0.7y (0-2.6vy) n/a n/a n/a n/a >1y 12.9%
7.4y (0.1-15.0y)
Kosiv KA, et al (2017)'? 63 n/a 14 two-stage or 53 (84%) 10 (16%) 278d (63-1029d)
primary ICR 64
Peterson JK, et al (2017)%% 65 6.2m (1.4-16.7m) 19 two-stage ICR or 60 (87%) 9 (13%) 16.2y (12-20.4y)
primary ICR 44
Glenn/Fontan 2
Tahara M, et al (2018)'" 30 37.9%£13.7d (palliative) 25 two-stage ICR5 26 (87%) 4 (13%) >6m 87%
>1y 84%
Davisson NA, et al (2018)'? 9 4.3m (0.2-23.4m) 1 two-stage or 6 (67%) 3 (33%) 50m (5-91m)
primary ICR 8
Ma MH, et al (2019)*" b8 n/a n/a n/a 51 (88%) 7 (12%) n/a
Domingo L, et al (2019)'® 140 19.4w (7.79, 42.93w) 10 two-stage ICR or 85 (61%) 31 (22%) n/a
primary ICR 101
Cooper DS, et al (2019)*? 270 3.7m (1.5-9.4m) 55 two-stage or 228 (84%) 42 (16%) n/a
primary ICR 172
other 45
Tsuge S, et al (2019)*¥ 5 37d (14-126d) 5 0 4 (80%) 1 (20%) 427d (196-1311d)
at survey
lida C, et al (2020)" 28* n/a 14 primary ICR4 14 (50%) 14 (50%) >6m 65%
>1y 50%
>by 11%
Nakai R, et al (2021)%® 46 19.5d (6-194d) (palliative) 0 18 (100%) 0 (0%) 17.2m (1.3-119.1m)
18 18.2m (7.6-50.7m) two-stage ICR 18 17 (94%) 1 (6%) 46.3m (14.3-186.4m)
(corrective) >1vy after ICR 88.5%
>by after ICR 77.5%
3 126d (53-258d) (primary primary ICR 3 1(33%) 2 (67%) 174d (54-437d)
ICR)
Tamaki S, et al (2022)% 10%* 45d (3-163d) 9 two-stage ICR 1 8(27.6%) nla >1y 34.5%, >2y 24.1%
>3y 13.8%
18*** 28d (7-98d) 17 two-stage ICR 1 22 n/a >1y 59.3%, >2y 48.2%
(81.5%) >3y 44.4%

Only patients with cardiac surgery included unless otherwise noted. Palliative and corrective surgeries are not mutually exclusive. For patients who under-
went palliative and then corrective surgery (two-stage ICR), only the age at initial surgery were taken into account. Results reported as n (%), mean=*standard
deviation, median with interquartile range (Q1, Q3), or median with range (minimum-maximum), as reported in each study. #, palliative surgery without ICR;
*, the patients who underwent digestive or cardiac surgery; **, the patients group based on the birth year of 2008-2012; ***, the patients group based on the
birth year of 2013-2017. n/a, not available; d, days; m, months; y, years; w, weeks; ICR, intracardiac repair.
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Fig. 1 The schema of pulmonary vascular and alveolar changes

a) the small pulmonary arterial changes (Heath-Edwards classification). 0: no intimal change in the small pulmonary
artery (Grade 0), 1: medial hypertrophy (Grade 1), 2: intimal cellular proliferation (Grade 2), 3: intimal fibrous prolifera-
tion (Grade 3), 4: generalized vascular dilatation and vascular occlusions due to intimal fibrosis and plexiform lesions
(Grade 4), #: medial defect in the small pulmonary artery; b) the basis of findings of the index of pulmonary vascular dis-
ease (IPVD). 1: no intimal lesion, 2: cellular proliferation of the intima, 3: fibrous thickening of the intima, 4: destruction
of the media; c) alveolar changes. 1: normal alveolar wall, 2: alveolar structural insufficiency due to decrease of elastic
fibers (alveolar hypoplasia), 3: cellular thickening of interstitium in alveolar wall (alveolar wall thickening). (Referenced

from Heath et al.,*”’ Yamaki et al.,*®*® Tahara et al.”)
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Table 2 Histopathological findings of small pulmonary arteries and alveoli in patients with trisomy 18

(a) Summary of histopathological findings of small pulmonary arteries and alveoli in patients with trisomy 18

Trisomy 18 Diagnosis Ageatlung o IPVD MD HS AH AT  AOC  ETM
biopsy
Full 27 VSD: 9 37days* HEO: 1 1.1%% 4 13 15 21 AOC: 1 1
Mosaic 1 VSD, PDA: 9 (9-69days) HE1:8 n.c.:2 (14.3%) (46.4%) (53.6%) (75.0%) IAOC:4 (3.6%)
VSD, ASD, PDA: 5 HE2: 12 (1.0-2.0)
VSD, ASD: 3 HE3: 5
CoA, VSD, ASD: 2 n.c.: 2
(b) Patients who underwent open lung biopsy twice
Age at Pp/Ps at PAB Age CC after PAB
Patient lung SB ——— HE IPVD MD HS AH AT AOC ETM Survival
biopsy Before  After atCC qpas Pp/Ps  Rpi Cp
1 49d RIL 110 030 0 1.0 - -+ - - -  13m 1.07 047 11.97 3.88 ICRat15m
14m LIl 0 1.0 - — + - - Death by epilepsy at 26m
2 62d RII 1.00 050 n.c. nec. 90% + - - - - 19m 0.58 0.58 23.70 2.92 Death by PAH at27m
21Tm LIl 3 1.7 30% + - - - - (No indication for ICR)
3 44d  Lul 100 070 3 16 - - 4+ + IAOC - 12m 071 020 553 4.41 ICRat14m
13m RII 0 1.0 - - + + - - Perioperative death at 14m
4 30d Rml  0.92 0.67 3 1.4 - - + + IAOC - 7m 0.50 0.21 475 4.68 ICRat9m
8m Lul 2 15 - - - + - - Alive for more than 128 m

AH, alveolar hypoplasia; AOC, absolute operative contraindication; ASD, atrial septal defect; AT, alveolar wall thickening; CC, cardiac catheterization; CoA, coarcta-
tion of aorta; Cp, pulmonary arterial compliance (mL/mmHg/m2); ETM, extremely thickened media of small pulmonary artery; HE, Heath-Edwards classification; n.c.,
not classifiable; HS, hypoplasia of small pulmonary artery; IAOC, impending absolute operative contraindication; ICR, intracardiac repair; IPVD, index of pulmonary
vascular disease; MD, medial defect of small pulmonary artery; PAB, pulmonary artery banding; PAH, pulmonary arterial hypertension; PDA, patent ductus arteri-
osus; Pp/Ps, ratio of pulmonary to systemic pressure; Qp/Qs, ratio of pulmonary to systemic flow; Rpi, pulmonary arterial resistance index (Wood unit/m2); SB, the

site of pulmonary biopsy; VSD, ventricular septal defect; Il, lower lobe; ml, mid lobe; ul, upper lobe. d, days; m, months; R, right; L, left.

* mean; **, median. (Modified from Tahara et al.?”)
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Fig. 2 Histopathological findings of small pulmonary arteries and alveoli visualized by Elastica-Masson
staining
a) medial defect in a small pulmonary artery (arrow); b) hypoplasia of small pulmonary arteries (arrow); c) alveolar
hypoplasia; and d) alveolar wall thickening (cellular thickening of interstitium) with alveolar hypoplasia. (Modified from
Tahara et al.?”)

Fig. 3 Histopathological findings of small pulmonary arteries visualized by Elastica-Masson staining
Impending absolute operative contraindications in serial sections of small pulmonary arteries: a) small pulmonary artery
about 120pm in diameter show severe medial thickening; b) more peripherally located small pulmonary artery about
80um in diameter show obstruction of the vascular lumen due to intimal cellular proliferation; and c) more peripherally
located small pulmonary arteries about 50xm in diameter show secondary atrophy of the peripheral media (arrow). d)
Extremely thickened media of small pulmonary arteries (arrow). The prevalence of extremely thickened media of small
pulmonary arteries might be less frequent regardless of pulmonary artery hypertension severity in trisomy 18. (Originated
from Tahara et al.>”)

24 N a N (16.7%) 1CER, 21 MUY I—ICHEIC K7z, MUK & s B & O @V IED
Zholc b LTWVS P, BADOBMETIE, HlTEK FIREZRRD T O, FlifEE b O PERRE X PRI 350
318 FU YV 2—28 A 15 A (53.6%) ICFRHTED, O EIGEICE b > TWnWb T Eh b, 18 RU Y
PaffRHEIRICSVFIRES X 20 Lvan 7. 2 — TR O AR L R R & DV A7 hy D

BRNRBRSBFEME F£39E ¥25



57

cevEZLNG .

fffaE2ABE (Fig. 1c, 2d)

Ogawa 5 (Al i B AL DR B2 £ S HIRIC B
WC, i b O MR RS A BR D, il e af o e £
S HERMDERRDOPRICHE LTS EWELT
W5 zo, HifasEMEOMEREICOWVT,
Yamaki 5&, e RMOEEZELIZ21 P Y I—
T 28 A 17 N (60.7%), 21 U Y I—DISADER
HTW 24 A 12 A (50.0%) ISz LTw
%9 RAOWMETIE, 18 UV I—28 Ah21 A
(75.0%) ICRDHTED, TNHEIEEEZRDTE
59, MifaEEAtRE, SR M OREBICEEE U zpT R T
BHBAREMENE Z 5N B 7. FEOPEDREICHE S fifi
FRIME T, BN 0L 3 A At D WY 7 i
TEH, HEBIUHMZEORIECHS LTS L
ENTHO, s N GERE I B9 % A0 M
ERG L ZOBEOMRFRE, AR O B5E 7z R
W eI 2 MilEE) €57 7 L BREEILE 2 L S fifin
HEUVETFTY U REELT EEINT NS P, Aggar-
wal 5 E FEETIVERWEZET, Mgz A
5 DR TIE, MERICEH T 2R TEEE O 5
ZAA LN IS N RS BERE B D RIEICHF 5 L, &) €7
DUAICHAT LTV A ERELTED ), LREL
PEEBICLES @ IS BW T & RIBEOBFIC & - T
I N R ASREREEAE U, 7 OISR T LR
Feltigiei 70 £ 5 ffifeBE ) &5 ) > 5 L BRBEALIE & £ 5
fimE Y €70 77248 T, MlRBE SR EE2SR LT
WAAREMIZEZ 5N 5.

B OMERBBPIRDZEL

FLd, MERZTT 72 28 A 4 NI D PEET
OIS HIE HIT 2 B HOfiEM %217 > T % (Table
2b). BiEMENIOENEH D, —HHCERLTEH T L
TERWVH, TAOCZE L TWez2 AN, &higiick
O fifiINEl IR A S 0D Al Pk R SR AR g L, A 30 s &
ToTWhk., I&bb, 18 MUY I—TRMidEE
WS 2 AL E RS T dH % Tz DI N EHEIA MR A
HEFT Lo d W0, i) e e B R Iimti 217 5
C & THiMmEWRA DM T 262 2 LA TE, WK
OHITMENEE s 1385 2 HEMENH % T & 7R
LTW5.

—77, 90% Dfi/NEIRIC T AN 22 72 BR 8D T i
BITIE, FOEED30%ICHDL, O D 70% D
INEIIRICIZREOFRIEARE & & dic, 2 < IEHfatEN
FEAERICAE S M PAZERT R 238 Tz, ilishirieii

MBITHRAE L CO I liE I ED 7z dic, FEASEEEIC
KIST % &L EIC, NBRRZDREEDOHETICE ST
DEHRUT NS, FA D REER U 7z it N R A T A%
AR L4 NE, 2fFECLTED, N2 A
DIRBEEYE GECHER : 22, 27 hH) THO, 1 Al
4 AR ER, 1 AW 87 M HERHCRIKAIHT
FEC LTS, HRE, MR IR A 23 =
EEMAFTERVAIREEZ TV S.

18 bV X —DHER

I ER DM IC 1, A E ST Rp) & Mi#hika
VIIAT VA (Cp) DiFZ2ilid 2 & HhEE
TH5 7. MilEEHIE MBIk & D% & B LT
B0, CpldmEDFHNMNEELMMEEEET. EEOH
BT, DRI S Ml ERE RS U
UGB MBEIRIEM S ERE, B TR MR
WA S i I ESE & W o Tz R IR A 2 7 5 il i i R
BICHBNT, Cp EKMEFHTUNTE L THHTH
LEENTVDS B Muneuchi 51, 5K HELE
BEAHHTZAIICIHENT, Hinio Cp EEANONE
EiTE OFEIIRIE EF S BEFR L TER D, i Cp A
2.21 mL/mmHg/m* A T & AU % O il Bh IR E A
M 40mmHg P FIC7%2 T ENTHITE 5 Ll
LTHO ™, E5ig, ffigio Cpl.22mL/mmHg/m?
KD MERZEO G LB L TH 0, MiEMmA L
P RE R EINT 212D DEHZ/INT A—2—I/%H
5%LLTWV3 7,

FERMEDREZLES 21 FUY 2=, HfidEimnE
WK Bl NEIRO P EINENEETH O, HED
BT HFE Y 72 D O shear stress D@ < 750, R{EMIC
WIEIREZ A U5 & Eh T3 7, JE4E Masaki 5
X, 21 YUY I=IZHBEWVT, MMEREDEE S
Mg % &9 T e Z2lANICITEEII T E -
FEMELTWS ™, 21 MUY I — LR @EEkET D
HENEETIE, RN ABYRZE OREICE EAZRD
9, AR & IHENRIE O B I RS 1T D fE R A
T UTEF LN, M2 LU o il @i O B
e LT, EE-PMBEi bIEIC 5 FAGEIAZ DM
Wedx I e, KiER, & _MLREIME
DIt 2 e U T B ATHEMEN S % L5 LT
7. —F, 21 NUYI—TRTaAXYL 7>
E b iRFY Yy A2 OEKEEENIZILLTED, I
IINHBESE OIS, I RE L 7Y, & B,
D21 FREKICIE, TV RRAZFURET IO
4 FEAZ EDOMOFMEHERFRI—RENTEH

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery



58

0, ThLHOHUMEFENTOBEFEICK D, Mif
B EMRORERENEL, Mg EORFICHEL
TWBLEENTWVS . DX KM RIC
£5T, 21 MUY I —Offii Cp ld etk BH Ok
WEEL IR L THEIBRVW ERE TN T3S 7,

18 MUY = —& [l i 65 2 itz ik o H i
HUENEETH O, 21 MUY I —LEIBEOAEERZ
HLTWA I ENHNTHEENE, Hatai 5OJfEED
IST A =R —IZDWVTDOIRETIX, VSD & ifis L
EEFFLIZ1I8 FUYI—, 21 MUY I—, J0fkA
WO IEH R TOLLMET, 18 FU Y I—
DOffifkImFEEE (Qp/Qs), Rp, Cp iFIEH FMSH & W%
THY, Qp/Qs, Cpld2l FV YV I—X W HEICED >
RELTWE ™. Fx Ok, 18 Y
Y X —CUE M INBIR A R AN 420 il NBR A A &
Vo TEREERINT R 2 ZNEN 14.3%, 46.4%I1C388,
it ML & OB EZ 54 L T2 H Y, Hatai 513,
5 U AR R RS E O 7 0 B b AR R
WEZEDTENTRTEEZNELNEVELTY
%7, &5IC, 18 FU Y I —DOREEMMEE 21 F
UV I—LHRLUTHBEICKETSH O ™, Hlifas e
JFiZ18 hUYVI—DIE5H21 NUVI—&DEZE
CEHENTVBTENS T 18 MUY I—Dlifi
B, MEEELLIck->ThalERIENT
WABATREIE L 35 7. —F, 18 FU Y I —offfigi
JEADHT BT 2385 - 7 FIIBTIC B9 % 5 13 7
V. TGFBD Y 7 U GER M E i iAo ) 7
U > OIS TWd SMAD4 13 18 HL ikl
O—RENTHEL 7, SMAD4 D2 FiZ fifi i i T 72
FlEfdcdcens ™, 18 MUY I—T, ik
DHEHEM: B URAZEM 2 b 2 4 U 21BN ) R 7 2 H
LTWBAREMNEZ BNTWVS 7.

(DRI E F 7

2005~2007 FZIC BT 2 ARFED 2 flazd I [ e T
&, ERMEOEEZEFLIZ18 FY Y I —127 A
H134 N 27%) WCFivirbn, FilioNiRIG IR
fti23 N, BDffie N, FH5 NTH-7 >, Ltk
&, WHOREZEEL, FEERBEANOBITZHNE
U TH7 - T MR O HE NI Z TB D, 18 MU
VI —DOEHNERTREHSMCHELTETY
% 2,4-13, 15, 19, 20, 23, 24, 37-43) (Table 1) i 71»:, 18 }\ ]) \/
S BTN T H i & OO KB EESE 0O RS 1
EOMHEAEDENT, &b REICHEEfiZTS T &
AR FICBEELTWS 2. E51, R EHK
ICFBF % quality of life (QOL) DD Z®HIC, Ui

ARNRBERSBSFIME £39F $£25

BiiDH Tl LDNBEITEEMNTH S T LHRE
N, VSD M AVEEII OEEIC B’ B %Y 7k
BETH- T LG ENL?Y. EETE, LOE
72 T4 GE D T DIDNBEIT O RIEE R S
BEIICHESTETNS &1,

Nakai 5%, 2005~2019 I fifT L7z VSD Z & 1f
L7218 FUY I —ADFMICDONTHELTED,
i B IR A2 HE A7 72 % € IS O N IBEIN £ T 12
18 ND 5 FEEEFERIZ775%TH O, DARIEIEE
Tholt LTWa. iz, MR o s T - 7z
46 N & DILEET, EERIZ78%:43% LA EICE <
(p=0.024), LfFHIMPRIES 463 2 H (14.3-186.4
MH)172 A (1.3-1191 5 H) THH (p<0.001),
ZHAMDNIEER O K O BB TE 3 Ll
LTW3 2. FHiffilid DR S & O A BHED
RIS TR PR R EBINE S ER SN T05 1]
BEMEREZ BNB D, FEFIC X o TIOWNIEE 7 3
RI22LT, KOEHOEFICENZZ EHAREN
TV, —HT, MNIIRFPEEERAR R L Vo 7B
EAFDIIRF T E RO IRk AT R 2 R DSE & 17E L T
B 7O 20 &S BAERIT IR MBIRE I 7 & O
GEEAAY, SRERNCIE RN O FIc R 26 L
N,

Kz, WHEINC K O - JEERMNZGE L, BBELT
KL HETRT I T ENTETWBHE, AL
7 W TARBE RS OO O D INE TR I 72 58 IR 5 I
&, FIRICE > TEERFICE > TEIEFICHE LUV
W & 75 % 2230 il 2 DIEFNIC BN T, EBEDR
& & BT DREBEDR IR IBRT % LR TR T #
BEINT 25 2T, 5%, “HNLABEIRCET %
ILTFVRAEILICERTHTENEENS.

TLEH

MR DR E AR G LTz 18 R Y 2 — DR
AR AT R &, BiEERIC DWW THIR U2, —Hc ¥
BARBEEINTEZ 18 MUY I —DORMITEREIC
X0, FEHNTHEILESNTVS T EIEEN R,
N, BT RONEIC OV TRIKARHTH S, fili
FREAT R T, NIRRT
AR NIRIKIE e E DO TFRICEER 52 % T
EMTREINZFTRZ S DREHS —EBHFELTE
D, THIZ18 YUY I—=LW S EMPEHRARRIKE
DZFANCHEB L TWABREORWE A TH 5.
18 F U Y 21Tt 20 T 72 5 b T R M i
DOFEFUIE—ZE DT L, JL DIREFNTIG Tzt




59

IGHRETH B,
Fe RIS T 2 0NEEROZIEEED, 5
BELZAMNICIE TV AESEBL TN T EREEN

5.

ZOLET VAN, BETEINED—B LD,

£ - FEO QOL DUGEICEMN S T LI Lizw.

FIEHER
AANRIEER S A2 O LD 2 PRI 9 2 RS HE H D
A

5| TR

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Kaneko Y, Kobayashi J, Yamamoto Y, et al: Intensive car-
diac management in patients with trisomy 13 or trisomy
18. Am ] Med Genet A 2008; 146A: 1372-1380

Kobayashi J, Kaneko Y, Yamamoto Y, et al: Radical surgery
for a ventricular septal defect associated with trisomy 18.
Gen Thorac Cardiovasc Surg 2010; 58: 223-227
Yamagishi H: Cardiovascular surgery for congenital heart
disease associated with trisomy 18. Gen Thorac Cardio-
vasc Surg 2010; 58: 217-219

Muneuchi J, Yamamoto J, Takahashi Y, et al: Outcomes
of cardiac surgery in trisomy 18 patients. Cardiol Young
2011; 21: 209-215

Maeda J, Yamagishi H, Furutani Y, et al: The impact of
cardiac surgery in patients with trisomy 18 and trisomy
13 in Japan. Am ] Med Genet A 2011; 155A: 2641-2646
Costello JP, Weiderhold A, Louis C, et al: A contemporary,
single-institutional experience of surgical versus expect-
ant management of congenital heart disease in trisomy 13
and 18 patients. Pediatr Cardiol 2015; 36: 987-992

HEE R, SEAM BEEW, (&0 R R,
BEIRREHMNBEZ S 18 U Y I —OFEM. H/NRJEER
#R22E 2015; 31: 126-132

Bruns DA, Martinez A: An analysis of cardiac defects and
surgical interventions in 84 cases with full trisomy 18.
Am ] Med Genet A 2016; 170A: 337-343

Nakai Y, Asano M, Nomura N, et al: Effectiveness of car-
diac surgery in patients with trisomy 18: A single institu-
tional experience. Cardiol Young 2016; 26: 1391-1396
Kosiv KA, Gossett JM, Bai S, et al: Congenital heart sur-
gery on in-hospital mortality in trisomy 13 and 18. Pedi-
atrics 2017; 140: e20170772

HEER, MEEE N 8, &0 eRMIOoREZ
GBHFL7218 B U Y I —ADOREMIGHE & TiR—L BT
& PE A R T DR —. BT AEJLRE =k 2018; 30:
39-47

Davisson NA, Clark JB, Chin TK, et al: Trisomy 18 and
congenital heart disease: Single center review of outcomes
and parental perspectives. World ] Pediatr Congenit
Heart Surg 2018; 9: 550-556

Domingo L, Carey JC, Eckhauser A, et al: Mortality and
resource use following cardiac interventions in children
with trisomy 13 and trisomy 18 and congenital heart dis-
ease. Pediatr Cardiol 2019; 40: 349-356

Carvajal HG, Callahan CP, Miller JR, et al: Cardiac
surgery in trisomy 13 and 18: A guide to clinical deci-
sion-making. Pediatr Cardiol 2020; 41: 1319-1333

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Tlida C, Muneuchi ], Yamamoto J, et al: Kitakyushu Neona-
tal Research Group: Impacts of surgical interventions on
the long-term outcomes in individuals with trisomy 18. ]
Pediatr Surg 2020; 55: 2466-2470

Hafezi N, Jensen AR, Saenz ZM, et al: Surgical history
and outcomes in trisomy 13 and 18: A thirty-year review.
] Pediatr Surg 2023; 58: 1512-1519

Kosho T, Kuniba H, Tanikawa Y, et al: Natural history and
parental experience of children with trisomy 18 based on
a questionnaire given to a Japanese trisomy 18 parental
support group. Am ] Med Genet A 2013; 161A: 1531-
1542

Nishi E, Takamizawa S, lio K, et al: Surgical intervention
for esophageal atresia in patients with trisomy 18. Am J
Med Genet A 2014; 164A: 324-330

TLEDGR, N BT, dER, @0 @ e RO
W UTFRNAZITo7218 FUY I —0OMEL H/WR
TRERARZRE 2015; 31: 254-264

Peterson JK, Kochilas LK, Catton KG, et al: Long-term
outcomes of children with trisomy 13 and 18 after con-
genital heart disease interventions. Ann Thorac Surg
2017; 103: 1941-1949

Peterson R, Calamur N, Fiore A, et al: Factors inﬂuencing
outcomes after cardiac intervention in infants with tri-
somy 13 and 18. Pediatr Cardiol 2018; 39: 140-147
Frsh— 18 PU Y I—BXT13 )Y I— OO
I T4, H/NEERER S 20205 36: 3-15

Nakai R, Fujioka T, Okamura K, et al: Survival outcomes
of two-stage intracardiac repair in large ventricular septal
defect and trisomy 18. Pediatr Cardiol 2021; 42: 821-831
Tamaki S, Iwatani S, Izumi A, et al: Improving survival in
patients with trisomy 18. Am ] Med Genet A 2022; 188:
1048-1055

Edwards JH, Harnden DG, Cameron AH, et al: A new
trisomic syndrome. Lancet 1960; 1: 787-789

Carey JC: Trisomy 18 and trisomy 13 syndromes, in Carey
JC, Cassidy SB, Battaglia A, et al (eds): Cassidy and Allan-
son’s Management of Genetic Syndromes, 4th edition.
Hoboken, Wiley-Blackwell, 2021, pp937-956

Goel N, Morris JK, Tucker D, et al: Trisomy 13 and 18—
Prevalence and mortality: A multi-registry population
based analysis. Am ] Med Genet A 2019; 179: 2382-2392
Cereda A, Carey JC: The trisomy 18 syndrome. Orphanet
J Rare Dis 2012; 7: 81

Crider KS, Olney RS, Cragan JD: Trisomies 13 and 18:
population prevalences, characteristics, and prenatal
diagnosis, metropolitan Atlanta, 1994-2003. Am ] Med
Genet A 2008; 146A: 820-826

FiEET, AR, FARMA D18 U Y I —ZID
BLEROMN ESROER. H/NRAGE2023; 127:

411-420

Jones KI, Jones MC, Campo M: Trisomy 18 syndrome, in
Jones KL, Jones MC, Del Campo M (eds): Smith’s Recog-
nizable Patterns of Human Malformation, 7th edition.
Philadelphia, Elsevier Saunders, 2013, pp14-19

A, LEEGE, FrER, Eh PR 17~19 R
FEMIZLAREIRE 18 BX T 13 RV Y I —D0RER - i
BrRE T4 H/NREEERBRERE 2009; 25: 216-220
Kinoshita M, Nakamura Y, Nakano R, et al: Thirty-one
autopsy cases of trisomy 18: Clinical features and patho-
logical findings. Pediatr Pathol 1989; 9: 445-457

Kosho T, Nakamura T, Kawame H, et al: Neonatal man-

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery


https://doi.org/10.1002/ajmg.a.32311
https://doi.org/10.1002/ajmg.a.32311
https://doi.org/10.1002/ajmg.a.32311
https://doi.org/10.1007/s11748-009-0431-3
https://doi.org/10.1007/s11748-009-0431-3
https://doi.org/10.1007/s11748-009-0431-3
https://doi.org/10.1007/s11748-009-0501-6
https://doi.org/10.1007/s11748-009-0501-6
https://doi.org/10.1007/s11748-009-0501-6
https://doi.org/10.1017/S1047951110001848
https://doi.org/10.1017/S1047951110001848
https://doi.org/10.1017/S1047951110001848
https://doi.org/10.1002/ajmg.a.34285
https://doi.org/10.1002/ajmg.a.34285
https://doi.org/10.1002/ajmg.a.34285
https://doi.org/10.1007/s00246-015-1109-5
https://doi.org/10.1007/s00246-015-1109-5
https://doi.org/10.1007/s00246-015-1109-5
https://doi.org/10.1007/s00246-015-1109-5
https://doi.org/10.9794/jspccs.31.126
https://doi.org/10.9794/jspccs.31.126
https://doi.org/10.9794/jspccs.31.126
https://doi.org/10.1002/ajmg.a.37427
https://doi.org/10.1002/ajmg.a.37427
https://doi.org/10.1002/ajmg.a.37427
https://doi.org/10.1017/S1047951115002723
https://doi.org/10.1017/S1047951115002723
https://doi.org/10.1017/S1047951115002723
https://doi.org/10.1542/peds.2017-0772
https://doi.org/10.1542/peds.2017-0772
https://doi.org/10.1542/peds.2017-0772
https://doi.org/10.1177/2150135118782145
https://doi.org/10.1177/2150135118782145
https://doi.org/10.1177/2150135118782145
https://doi.org/10.1177/2150135118782145
https://doi.org/10.1007/s00246-018-2001-x
https://doi.org/10.1007/s00246-018-2001-x
https://doi.org/10.1007/s00246-018-2001-x
https://doi.org/10.1007/s00246-018-2001-x
https://doi.org/10.1007/s00246-020-02444-6
https://doi.org/10.1007/s00246-020-02444-6
https://doi.org/10.1007/s00246-020-02444-6
https://doi.org/10.1016/j.jpedsurg.2019.12.009
https://doi.org/10.1016/j.jpedsurg.2019.12.009
https://doi.org/10.1016/j.jpedsurg.2019.12.009
https://doi.org/10.1016/j.jpedsurg.2019.12.009
https://doi.org/10.1002/ajmg.a.35990
https://doi.org/10.1002/ajmg.a.35990
https://doi.org/10.1002/ajmg.a.35990
https://doi.org/10.1002/ajmg.a.35990
https://doi.org/10.1002/ajmg.a.35990
https://doi.org/10.1002/ajmg.a.36294
https://doi.org/10.1002/ajmg.a.36294
https://doi.org/10.1002/ajmg.a.36294
https://doi.org/10.9794/jspccs.31.254
https://doi.org/10.9794/jspccs.31.254
https://doi.org/10.9794/jspccs.31.254
https://doi.org/10.1016/j.athoracsur.2017.02.068
https://doi.org/10.1016/j.athoracsur.2017.02.068
https://doi.org/10.1016/j.athoracsur.2017.02.068
https://doi.org/10.1016/j.athoracsur.2017.02.068
https://doi.org/10.1007/s00246-017-1738-y
https://doi.org/10.1007/s00246-017-1738-y
https://doi.org/10.1007/s00246-017-1738-y
https://doi.org/10.9794/jspccs.36.3
https://doi.org/10.9794/jspccs.36.3
https://doi.org/10.1007/s00246-021-02546-9
https://doi.org/10.1007/s00246-021-02546-9
https://doi.org/10.1007/s00246-021-02546-9
https://doi.org/10.1002/ajmg.a.62605
https://doi.org/10.1002/ajmg.a.62605
https://doi.org/10.1002/ajmg.a.62605
https://doi.org/10.1016/S0140-6736(60)90675-9
https://doi.org/10.1016/S0140-6736(60)90675-9
https://doi.org/10.1002/ajmg.a.61365
https://doi.org/10.1002/ajmg.a.61365
https://doi.org/10.1002/ajmg.a.61365
https://doi.org/10.1186/1750-1172-7-81
https://doi.org/10.1186/1750-1172-7-81
https://doi.org/10.1002/ajmg.a.32200
https://doi.org/10.1002/ajmg.a.32200
https://doi.org/10.1002/ajmg.a.32200
https://doi.org/10.1002/ajmg.a.32200
https://doi.org/10.3109/15513818909022365
https://doi.org/10.3109/15513818909022365
https://doi.org/10.3109/15513818909022365
https://doi.org/10.1002/ajmg.a.31175

60

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

BRNRBERSBF M

agement of trisomy 18: Clinical details of 24 patients
receiving intensive treatment. Am ] Med Genet 2006;
140A: 937-944

Embleton ND, Wyllie JP, Wright MJ, et al: Natural history
of trisomy 18. Arch Dis Child Fetal Neonatal Ed 1996; 75:
F38-F41

Rasmussen SA, Wong LY, Yang Q, et al: Population-based
analysis of mortality in trisomy 13 and trisomy 18. Pedi-
atrics 2003; 111: 777-784

Graham EM, Bradley SM, Shirali GS, et al: Pediatric Car-
diac Care Consortium: Effectiveness of cardiac surgery
in trisomies 13 and 18 (from the Pediatric Cardiac Care
Consortium). Am J Cardiol 2004; 93: 801-803
BOREZE T, KIS, TAUEES, @D 13 FU Y I—
72318 MUY I—ITH T B O OREER. H/ANLHE
BRERAEE 2008; 24: 546-554

Kaneko Y, Kobayashi J, Achiwa I, et al: Cardiac surgery
in patients with trisomy 18. Pediatr Cardiol 2009; 30:
729-734

Nelson KE, Rosella LC, Mahant S, et al: Survival and sur-
gical interventions for children with trisomy 13 and 18.
JAMA 2016; 316: 420-428

Ma MH, He W, Benavidez OJ: Congenital heart surgical
admissions in patients with trisomy 13 and 18: Frequency,
morbidity, and mortality. Pediatr Cardiol 2019; 40: 595-
601

Cooper DS, Riggs KW, Zafar F, et al: Cardiac surgery in
patients with trisomy 13 and 18: An analysis of the society
of thoracic surgeons congenital heart surgery database. J
Am Heart Assoc 2019; 8: 012349

MOREET S, TSREORES, PR, & e RIBOIRE
ZET %18 b U Y I —IUTHT 2 U QAT EEBITA
G A B, H/NRRER @R 23Rk 2019; 35: 271-276
Schwarz MA, Caldwell L, Cafasso D, et al: Emerging pul-
monary vasculature lacks fate specification. Am ] Physiol
Lung Cell Mol Physiol 2009; 296: L71-L81

Saji T: Clinical characteristics of pulmonary arterial
hypertension associated with Down syndrome. Pediatr
Int 2014; 56: 297-303

Lee JS, Cha SG, Kim GB, et al: Reversibility of pulmonary
hypertension following surgical atrial septal defect closure
in children with Down syndrome. J Cardiovasc Imaging
2019; 27: 247-253

Heath D, Edwards JE: The pathology of hypertensive pul-
monary vascular disease: A description of six grades of
structural changes in the pulmonary arteries with special
reference to congenital cardiac septal defects. Circulation
1958; 18: 533-547

Yamaki S, Tezuka F: Quantitative analysis of pulmonary
vascular disease in complete transposition of great arter-
ies. Circulation 1976; 54: 805-809

Yamaki S, Mohri H, Haneda K, et al: Indication for sur-
gery based on lung biopsy in cases of ventricular septal
defect and/or patent ductus arteriosus with severe pulmo-
nary hypertension. Chest 1989; 96: 31-39

Yamaki S, Wagenvoort CA: Plexogenic pulmonary arte-
riopathy: Significance of medial thickness with respect to
advanced pulmonary vascular lesions. Am ] Pathol 1981;
105: 70-75

Yamaki S, Abe A, Tabayashi K, et al: Inoperable pulmo-
nary vascular disease in infants with congenital heart dis-
ease. Ann Thorac Surg 1998; 66: 1565-1570

$39%& $25

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

Yamaki S, Abe A, Endo M, et al: Surgical indication for
congenital heart disease with extremely thickened media
of small pulmonary arteries. Ann Thorac Surg 1998; 66:
1560-1564

Yamaki S, Horiuchi T, Sekino Y: Quantitative analysis of
pulmonary vascular disease in simple cardiac anomalies
with the Down syndrome. Am J Cardiol 1983; 51: 1502
1506

Van Praagh S, Truman T, Firpo A, et al: Cardiac malfor-
mations in trisomy-18: A study of 41 postmortem cases. J
Am Coll Cardiol 1989; 13: 1586-1597

Musewe NN, Alexander DJ, Teshima I, et al: Echocardio-
graphic evaluation of the spectrum of cardiac anomalies
associated with trisomy 13 and trisomy 18. Pediatr Car-
diol 1990; 15: 673-677

Yamaki S: Pulmonary vascular disease associated with
pulmonary hypertension in 445 patients: Diagnosis from
lung biopsy and autopsy. Gen Thorac Cardiovasc Surg
2013; 61: 24-31

Tahara M, Sanada K, Morita R, et al: Insufficient devel-
opment of vessels and alveoli in lungs of infants with
trisomy 18: Features of pulmonary histopathological find-
ings from lung biopsy. Am ] Med Genet A 2021; 185A:
1059-1066

Nagumo K, Yamaki S, Takahashi T: Extremely thickened
media of small pulmonary arteries in fatal pulmonary
hypertension with congenital heart disease: A morpho-
metric and clinicopathological study. Jpn Circ J 2000; 64:
909-914

HEER, AH g, FEE T, (&0 it osk
Btk 18 MUY I —OMENHRIT R, H/NEERS
2013; 117: 1260-1266

Tahara M, Shimozono S, Nitta T, et al: Medial defects of
the small pulmonary arteries in fatal pulmonary hyper-
tension in infants with trisomy 13 and trisomy 18. Am J
Med Genet A 2014; 164A: 319-323

Maeda K, Yamaki S, Yokota M, et al: Hypoplastic of the
small pulmonary arteries in total anomalous pulmonary
venous connection with obstructed pulmonary venous
drainage. ] Thorac Cardiovasc Surg 2004; 127: 448-456
Maeda K, Yamaki S, Kado H, et al: Hypoplastic of the
small pulmonary arteries in hypoplastic left heart syn-
drome with restrictive atrial septal defect. Circulation
2004; 110 Suppl 1: 11-139-11-146

Yamaki S, Horiuchi T, Takahashi T: Pulmonary changes
in congenital heart disease with Down’s syndrome: Their
significance as a cause of postoperative respiratory failure.
Thorax 1985; 40: 380-386

Ogawa K, Ito H, Toriyama A, et al: Lung pathology in
infants with severe pulmonary hypertension and cardiac
disease. ] Thorac Cardiovasc Surg 1979; 77: 728-732
Dayeh NR, Ledoux J, Dupuis J: Lung capillary stress fail-
ure and arteriolar remodeling in pulmonary hypertension
associated with left heart disease (Group 2PH). Prog Car-
diovasc Dis 2016; 59: 11-21

Aggarwal S, Gross C, Fineman JR, et al: Oxidative stress
and the development of endothelial dysfunction in con-
genital heart disease with increased pulmonary blood
flow: Lessons from the neonatal lamb. Trends Cardiovasc
Med 20105 20: 238-246

Lankhaar JW, Westerhof N, Faes TJ, et al: Quantification
of right ventricular afterload in patients with and with-


https://doi.org/10.1002/ajmg.a.31175
https://doi.org/10.1002/ajmg.a.31175
https://doi.org/10.1002/ajmg.a.31175
https://doi.org/10.1136/fn.75.1.F38
https://doi.org/10.1136/fn.75.1.F38
https://doi.org/10.1136/fn.75.1.F38
https://doi.org/10.1542/peds.111.4.777
https://doi.org/10.1542/peds.111.4.777
https://doi.org/10.1542/peds.111.4.777
https://doi.org/10.1016/j.amjcard.2003.12.012
https://doi.org/10.1016/j.amjcard.2003.12.012
https://doi.org/10.1016/j.amjcard.2003.12.012
https://doi.org/10.1016/j.amjcard.2003.12.012
https://doi.org/10.1007/s00246-009-9427-0
https://doi.org/10.1007/s00246-009-9427-0
https://doi.org/10.1007/s00246-009-9427-0
https://doi.org/10.1001/jama.2016.9819
https://doi.org/10.1001/jama.2016.9819
https://doi.org/10.1001/jama.2016.9819
https://doi.org/10.1007/s00439-014-1419-3
https://doi.org/10.1007/s00439-014-1419-3
https://doi.org/10.1007/s00439-014-1419-3
https://doi.org/10.1007/s00439-014-1419-3
https://doi.org/10.1161/JAHA.119.012349
https://doi.org/10.1161/JAHA.119.012349
https://doi.org/10.1161/JAHA.119.012349
https://doi.org/10.1161/JAHA.119.012349
https://doi.org/10.9794/jspccs.35.271
https://doi.org/10.9794/jspccs.35.271
https://doi.org/10.9794/jspccs.35.271
https://doi.org/10.1152/ajplung.90452.2008
https://doi.org/10.1152/ajplung.90452.2008
https://doi.org/10.1152/ajplung.90452.2008
https://doi.org/10.1111/ped.12349
https://doi.org/10.1111/ped.12349
https://doi.org/10.1111/ped.12349
https://doi.org/10.4250/jcvi.2019.27.e33
https://doi.org/10.4250/jcvi.2019.27.e33
https://doi.org/10.4250/jcvi.2019.27.e33
https://doi.org/10.4250/jcvi.2019.27.e33
https://doi.org/10.1161/01.CIR.18.4.533
https://doi.org/10.1161/01.CIR.18.4.533
https://doi.org/10.1161/01.CIR.18.4.533
https://doi.org/10.1161/01.CIR.18.4.533
https://doi.org/10.1161/01.CIR.18.4.533
https://doi.org/10.1161/01.CIR.54.5.805
https://doi.org/10.1161/01.CIR.54.5.805
https://doi.org/10.1161/01.CIR.54.5.805
https://doi.org/10.1378/chest.96.1.31
https://doi.org/10.1378/chest.96.1.31
https://doi.org/10.1378/chest.96.1.31
https://doi.org/10.1378/chest.96.1.31
https://doi.org/10.1016/S0003-4975(98)00779-6
https://doi.org/10.1016/S0003-4975(98)00779-6
https://doi.org/10.1016/S0003-4975(98)00779-6
https://doi.org/10.1016/S0003-4975(98)00776-0
https://doi.org/10.1016/S0003-4975(98)00776-0
https://doi.org/10.1016/S0003-4975(98)00776-0
https://doi.org/10.1016/S0003-4975(98)00776-0
https://doi.org/10.1016/0002-9149(83)90665-3
https://doi.org/10.1016/0002-9149(83)90665-3
https://doi.org/10.1016/0002-9149(83)90665-3
https://doi.org/10.1016/0002-9149(83)90665-3
https://doi.org/10.1016/0735-1097(89)90353-7
https://doi.org/10.1016/0735-1097(89)90353-7
https://doi.org/10.1016/0735-1097(89)90353-7
https://doi.org/10.1016/0735-1097(90)90644-5
https://doi.org/10.1016/0735-1097(90)90644-5
https://doi.org/10.1016/0735-1097(90)90644-5
https://doi.org/10.1016/0735-1097(90)90644-5
https://doi.org/10.1007/s11748-012-0155-7
https://doi.org/10.1007/s11748-012-0155-7
https://doi.org/10.1007/s11748-012-0155-7
https://doi.org/10.1007/s11748-012-0155-7
https://doi.org/10.1002/ajmg.a.62060
https://doi.org/10.1002/ajmg.a.62060
https://doi.org/10.1002/ajmg.a.62060
https://doi.org/10.1002/ajmg.a.62060
https://doi.org/10.1002/ajmg.a.62060
https://doi.org/10.1253/jcj.64.909
https://doi.org/10.1253/jcj.64.909
https://doi.org/10.1253/jcj.64.909
https://doi.org/10.1253/jcj.64.909
https://doi.org/10.1253/jcj.64.909
https://doi.org/10.1002/ajmg.a.36282
https://doi.org/10.1002/ajmg.a.36282
https://doi.org/10.1002/ajmg.a.36282
https://doi.org/10.1002/ajmg.a.36282
https://doi.org/10.1016/S0022-5223(03)01193-0
https://doi.org/10.1016/S0022-5223(03)01193-0
https://doi.org/10.1016/S0022-5223(03)01193-0
https://doi.org/10.1016/S0022-5223(03)01193-0
https://doi.org/10.1161/01.CIR.0000138223.74524.4e
https://doi.org/10.1161/01.CIR.0000138223.74524.4e
https://doi.org/10.1161/01.CIR.0000138223.74524.4e
https://doi.org/10.1161/01.CIR.0000138223.74524.4e
https://doi.org/10.1136/thx.40.5.380
https://doi.org/10.1136/thx.40.5.380
https://doi.org/10.1136/thx.40.5.380
https://doi.org/10.1136/thx.40.5.380
https://doi.org/10.1016/S0022-5223(19)38224-8
https://doi.org/10.1016/S0022-5223(19)38224-8
https://doi.org/10.1016/S0022-5223(19)38224-8
https://doi.org/10.1016/j.pcad.2016.05.002
https://doi.org/10.1016/j.pcad.2016.05.002
https://doi.org/10.1016/j.pcad.2016.05.002
https://doi.org/10.1016/j.pcad.2016.05.002
https://doi.org/10.1016/j.tcm.2011.11.010
https://doi.org/10.1016/j.tcm.2011.11.010
https://doi.org/10.1016/j.tcm.2011.11.010
https://doi.org/10.1016/j.tcm.2011.11.010
https://doi.org/10.1016/j.tcm.2011.11.010
https://doi.org/10.1152/ajpheart.00336.2006
https://doi.org/10.1152/ajpheart.00336.2006

61

68)

69)

70)

71)

72)

73)

out pulmonary hypertension. Am J Physiol Heart Circ
Physiol 2006; 291: H1731-H1737

Pellegrini P, Rossi A, Pasotti M, et al: Prognostic relevance
of pulmonary arterial compliance in patients with chronic
heart failure. Chest 2014; 145: 1064-1070

Takatsuki S, Nakayama T, Ikehara S, et al: Pulmonary
arterial capacitance index is a strong predictor for adverse
outcome in children with idiopathic and heritable pulmo-
nary arterial hypertension. ] Pediatr 2017; 180: 75-79
Cheng XL, Liu ZH, Gu Q, et al: Prognostic value of pul-
monary artery compliance in patients with pulmonary
arterial hypertension associated with adult congenital
heart disease. Int Heart ] 2017; 58: 731-738

Muneuchi J, Nagamoto Y, Watanabe M, et al: Relationship
between pulmonary arterial resistance and compliance
among patients with pulmonary arterial hypertension
and congenital heart disease. ] Thorac Cardiovasc Surg
2016; 152: 507-513

Muneuchi ], Ochiai Y, Masaki N, et al: Pulmonary arterial
compliance is a useful predictor of pulmonary vascular
disease in congenital heart disease. Heart Vessels 2019;
34:470-476

Suzuki K, Yamaki S, Mimori S, et al: Pulmonary vascular
disease in Down's syndrome with complete atrioventricu-
lar septal defect. Am J Cardiol 2000; 86: 434-437

74)

75)

76)

77)

78)

79)

80)

Masaki N, Saiki Y, Endo M, et al: Is trisomy 21 a risk
factor for rapid progression of pulmonary arteriopathy?
Revisiting histopathological characteristics using 282 lung
biopsy specimens. Circ ] 2018; 82: 1682-1687

Fukushima H, Kosaki K, Sato R, et al: Mechanisms
underlying early development of pulmonary vascular
obstructive disease in Down syndrome: An imbalance in
biosynthesis of thromboxane A2 and prostacyclin. Am ]
Med Genet A 2010; 152A: 1919-1924

Galambos C, Minic AD, Bush D, et al: Increased lung
expression of anti-angiogenic factors in Down syndrome:
Potential role in abnormal lung vascular growth and the
risk for pulmonary hypertension. PLoS One 2016; 11:
€0159005

Iwaya Y, Muneuchi J, Inoue Y, et al: Relationship between
pulmonary arterial resistance and compliance in patients
with Down syndrome. Pediatr Cardiol 2019; 40: 841-847
Hatai E, Muneuchi J, Sugitani Y, et al: Pulmonary vascular
resistance and compliance in individuals with trisomy 18.
Am ] Med Genet A 2022; 188A: 534-539

Furukawa T, Sunamura M, Horii A: Molecular mecha-
nisms of pancreatic carcinogenesis. Cancer Sci 2006; 97:
1-7

Ma L, Chung WK: The genetic basis of pulmonary arterial
hypertension. Hum Genet 2014; 133: 471-479

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery


https://doi.org/10.1152/ajpheart.00336.2006
https://doi.org/10.1152/ajpheart.00336.2006
https://doi.org/10.1378/chest.13-1510
https://doi.org/10.1378/chest.13-1510
https://doi.org/10.1378/chest.13-1510
https://doi.org/10.1016/j.jpeds.2016.10.003
https://doi.org/10.1016/j.jpeds.2016.10.003
https://doi.org/10.1016/j.jpeds.2016.10.003
https://doi.org/10.1016/j.jpeds.2016.10.003
https://doi.org/10.1536/ihj.16-449
https://doi.org/10.1536/ihj.16-449
https://doi.org/10.1536/ihj.16-449
https://doi.org/10.1536/ihj.16-449
https://doi.org/10.1016/j.jtcvs.2016.03.080
https://doi.org/10.1016/j.jtcvs.2016.03.080
https://doi.org/10.1016/j.jtcvs.2016.03.080
https://doi.org/10.1016/j.jtcvs.2016.03.080
https://doi.org/10.1016/j.jtcvs.2016.03.080
https://doi.org/10.1007/s00380-018-1263-9
https://doi.org/10.1007/s00380-018-1263-9
https://doi.org/10.1007/s00380-018-1263-9
https://doi.org/10.1007/s00380-018-1263-9
https://doi.org/10.1016/S0002-9149(00)00960-7
https://doi.org/10.1016/S0002-9149(00)00960-7
https://doi.org/10.1016/S0002-9149(00)00960-7
https://doi.org/10.1253/circj.CJ-17-0754
https://doi.org/10.1253/circj.CJ-17-0754
https://doi.org/10.1253/circj.CJ-17-0754
https://doi.org/10.1253/circj.CJ-17-0754
https://doi.org/10.1002/ajmg.a.33555
https://doi.org/10.1002/ajmg.a.33555
https://doi.org/10.1002/ajmg.a.33555
https://doi.org/10.1002/ajmg.a.33555
https://doi.org/10.1002/ajmg.a.33555
https://doi.org/10.1371/journal.pone.0159005
https://doi.org/10.1371/journal.pone.0159005
https://doi.org/10.1371/journal.pone.0159005
https://doi.org/10.1371/journal.pone.0159005
https://doi.org/10.1371/journal.pone.0159005
https://doi.org/10.1007/s00246-019-02080-9
https://doi.org/10.1007/s00246-019-02080-9
https://doi.org/10.1007/s00246-019-02080-9
https://doi.org/10.1002/ajmg.a.62550
https://doi.org/10.1002/ajmg.a.62550
https://doi.org/10.1002/ajmg.a.62550
https://doi.org/10.1111/j.1349-7006.2005.00134.x
https://doi.org/10.1111/j.1349-7006.2005.00134.x
https://doi.org/10.1111/j.1349-7006.2005.00134.x
https://doi.org/10.1002/ajmg.a.62550
https://doi.org/10.1002/ajmg.a.62550

