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Cardiovascular Surgery for Trisomy 18 and Trisomy 13
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Trisomy 18 (T18) and trisomy 13 (T13) are among the most prevalent autosomal aneuploidies causing severe
delay of psychomotor development, congenital heart defects, and other multiple congenital anomalies. Aggres-
sive therapies for patients with either trisomies are not recommended because these diseases are associated with
a very high risk of mortality. Recently, some investigators have reported that intensive medical management
can extend the life-span of patients with T18 or T13, and some population-based studies have demonstrated a
longer survival rate by 5 to 10 years. The characteristics of congenital heart defects in patients with T18 or T13,
such as pulmonary vascular obstructive disease, which progresses rapidly in some individuals, are gradually
being recognized. However, there are many problems associated with cardiovascular surgery that should first be
considered, such as appropriate timing and procedures as well as associated anomalies of other organs. To date,
it is not yet clear whether cardiovascular surgery can improve the long-term prognosis of patients with these
trisomies. Therefore, cardiovascular surgeries are performed at some institutions but are not even considered at
the others. The aim of surgery is not only to prolong the life-span of patients but also to improve the quality of
life of the patients and their families. When deciding on medical management strategies, it is essential to provide
evidence-based and precise information to families of patients and to consider the best interest of the child and
wishes of their families.
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Fig. 1 Details of congenital heart defects in 127 patients with trisomy 18

(a) Details of congenital heart defects in 127 patients with trisomy 18. (b) Details of ventricular septal defect. (c) Details
of double outlet right ventricle. VSD is the most common congenital heart defect and frequently accompanied with
other left to right shunt lesions in trisomy 18. VSD: ventricular septal defect, DORV: double outlet right ventricle, CoA:
coarctation of the aorta, TOF: tetralogy of Fallot, HLHS: hypoplastic left heart syndrome, AVSD: atrioventricular septal
defect, ASD: atrial septal defect, SV: single ventricle, PTA: persistent truncus arteriosus, ccTGA: congenitally corrected
transposition of the great arteries, PDA: patent ductus arteriosus, PS: pulmonary stenosis, MA: mitral atresia, PS/PA:

pulmonary stenosis/pulmonary atresia. (Modified from Maeda et al.
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Fig. 2 Details of congenital heart defects in 23
patients with trisomy 13

ASD is the most common congenital heart defect
and frequently accompanied with other left to
right shunt lesions in trisomy 13. ASD: atrial septal
defect, VSD: ventricular septal defect, DORV: dou-
ble outlet right ventricle, TOF: tetralogy of Fallot,
IAA: interruption of the aortic arch, CoA: coarc-
tation of the aorta, AVSD: atrioventricular septal
defect, HLHS: hypoplastic left heart syndrome, AR:
aortic regurgitation, PTA: persistent truncus arterio-
sus. (Modified from Maeda et al.? )
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Fig. 3 Echocardiogram shows thick and redundant valves in patients with trisomy 18

(a) Four chamber view in diastole shows a perimembranous inlet defect of the ventricular septum (*) and a defect of the
atrial septum (1). (b) Four chamber view in systole shows a redundant tricuspid valve (arrow). (c) Another patient with
tetralogy of Fallot. Parasternal short axis view shows thick and redundant tricuspid valve (large arrow) and aortic valve
(small arrow). There is a large defect of the ventricular septum (*). RA: right atrium, LA: left atrium, RV: right ventricle,

LV: left ventricle, AO: aorta, PA: pulmonary artery
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Fig. 4 A newborn patient with trisomy 18

(a) Whole body. Small physique, deformed thorax, scoliosis, contracture of extremities, radial aplasia of right arm, low
set ears, deformed auricles. (b) The right atrium and great arteries are obscured by the overhanging right ventricle. AO:
aorta, PA: pulmonary artery, RA: right atrium, RV: right ventricle
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DIBHERANEIEEIC DV TIE A A SN2, 7%
D 18 F U Y X — W CHEMIRE WIFAE 10 2 M e85
TR OMEEE SET K0 EEVRHZEL, A0
L7z PDA, iM% £ - 7z @ iREe s o 7z A
MFREAZI Ute &3 BIERIRE D H 2 7. RIS
T, FNEERISEHE S| ZHENE DAL
ADFRNT=8, PIRZHEORHREEDNEE TH D L L

SN T0a. e, KEHIOREES Z2hX, i
BEMEURE EPINLOMTICHEIINERZELTY
%. 3D 18 MUY I =W TIERFE RIS 5 Fify
DO, FIfEE DR USUERE DRI &K - 72
TERIOWENH B . RS TR @ & /718
QRN ALN, 7 LT FrFF—EDOEWL LA 2R
e, TOWEZEEGALEX, 1EDHAT I8
FUYI—LDOBRIEIAHTEHS L LENDE,
18 MUY I — W DMEHC B CHEEME S BADHER 7%
fEt e T 2MENH 2 7. 18 RV I—]
TIXERBOEHHED S <, BHRIEOFEAILHIC
BEEEET 2. THGRBHCE S BEN 5 G
MEOWED—FT, JEHIT & DFEHROCGFHIZEE L
UDOD B FERICHN S 2 ROSTEIC Rkt B o e &
THWMEEHENE V. LA LN MHRTAD T RE
FHEDIDH A7 S0l OXEHREDNETH %
T LiRZ < OWMETHRRMEIN T, T 7 A3 —
ZHOWATEZREL T 2588 H0IEEZET 5.
finlc ML — RO LRI T 7,
18 MUY I—TRFROEREDNEH LT >,
KE 2> (American Society of Anesthesiologists:
ASA) DEEREENIATIE MV E@mZHENT XS
HREOREREZLDEE] L@V ATICHHE
NBREGIINZ . 18/13 B U Y I —DEMHHIE TR
w <Y, NTUDIE IS & D 75 42 B ME R R
JE{RERE (systemic inflammatory response syndrome:
SIRS) WA S NS ATREMEZIEM L, OWNEER KD
BTSN G B LTRSS 5 > 7.
18 FUY I—TI&, MilUEIEMRA 63.2% & maRICER
HH5N, WEOFRAERMER EDY AT 2 m
% EEZLNDD, MR & il ttfE Wik & O
IciE, EVIEOHENESENS Y.

© 2020 Japanese Society of Pediatric Cardiology and Cardiac Surgery



10

3. fhiEERSHER

18/13 FU YV I —Ti, DKL & WL 2R0fiK
R SICHRIER 2 E T 2 EEZGFT 22 L E
2. DIRINEFHICH > T, BT S Mtldesx
BEGO TRER T 208N H 5. EIEHFHM
HANIVZT, B 8%, OIS FHceZBH
AEAGESD MR 2 B 2 TH 5. Kosho
51F, RIAMATRE R BEASH I, &9 L &Mt
WPRARBRFTRANELTEY Y, HESIZEH
FASHARIA I # 1IC PAB ZHif79 32 K9 %85 T &
T. EHNTHROWEDNPHETEZ L LTVS P,
IECHE 72 £ 5 BERE ORERRIEHRE % £ I3 TRARTH
D, BT REEICK > TRIBEOREDY 27 %k
BINCE Z, DK ME Fili oSz HWi s NETHh
3. JREOHHICHIZ> T, 18/13 FU Y I—IZD
WTRAINRSIASEE A Y k) v J k1T 5 EIE%
DOHMENHLINCR D, FIREBOEMENZNZTND
SEOPEFIAEITS T LIk b. 18/13 hU Y I —
EWVIRBEREINCE 5, JRAERE L RIS
B AN B B 7.

HERTIC Z A I R S EIHRENZHE N Tohhn
X, HWEBRDKEZH S CHFHETE T ENTE
5. FHRICHIRER IR RN ARG TE, X
DELSEZTD A TIHBZBIRTZ T L EAHETH
5. —HT, WEMmCZE SN RoMERIc PR
N5 EEELEFE B OFIAIC X - T, FENROMEE
M Z B ECOBENMETDbNZD, BEEENDS IR
BOBERZHNENTWVES | &Ly Yy —EE U
DI HHENEHS. EEHEE, FKEOENETIC
BlEE U7z Z O T 2 080 H 5.

4. DRIMEFHOEN

18/13 MUY 2 —ITxf 9 2 .0EINE Filfr, clfEm
FEEDS BEO—HTH 5. FHHNRSNLOREEED
JERDUGE L Th, FRIMOS RS, SRR
2 EEORIEBFGERICHEAWVEIT 5 T LIk
5. DEINE FSREEOSWIRETH 5729, 1A
FOHME Z D/ T ETNZFERICOVT, KRt
DHBLTESS CEHEETHS. MELHLAL
DB RIEOIBITH G 2 Bz s, EfiE L
OSIEERZHEL, R E & BITZL 5 BKKED
BWZIRAT, TOEEIGETEHZHELET VD
T AN TEETH S O, 18/13 FY YV I—
ISR B0 ML, BRI EFKKEICE > TORFR
() « 2275 quality of life (QOL) Zfi FXE3Z &
TH5 7 H, QOL Dl L3 EER OER D ETE

ARNRBERSBSFRIME £36F F£15

RO FHIZEHKBNICEMLS 25D L, FKEO.ON
I ERBINCIBFHE LAV EDEDNTENT V.
fe & ZAEFIHME L &8, FRH R ORI Ll
BEFRizHmETHELH, TV o>KFEOEN
ICEEET 20 ENHS >, 18/13 FU YV I—DHIR
WEEE O MEE RN R T 550D, 1755
B0 DU ORERRITF S C L RRdliENH 57,

DI ME Tl DA EH T ZONEBITDENZDED
X, EEARHATHS. LHL, EhshiliotaT
‘edeEEd, NLRERERD 5 OB B EFEAND
BATICHELd %, $5bbQOLZM LERS 5T L
B2 DOWMENSRBEINTED, R OFEREE
EDOTHCBOTEEHTHS LMEETN TS P,

AWERTH E VS DB, 1 ADEREE, 1 2R
B Gt zIvEd s LidcEinw. Fifnci
HUHEOEEETEEAA, 18/13 FU Y I—H
DZRICMD B L DEBEEIERE LG L, Midke
LTCEH - 1BEOa VYA 2B THEILEND
%7, BWIHSIREE TER - ZHHE O N R ]
RTHO, HEDSHERNTERENTICGELED
Wz daben, BREFBEOIFHIIGA 2ED
EWERIC DN S, IBEOA R VAR E DAL
RICK > THRATH Y, [FA—fiskNTHRHUCES 2
BNH 5. ik DEFRHOBEOMRE L IBFRICNT
F XA T RIS B IFHER AR ORI
EIHT AWM H B 77,

18/13 b U YV 2 —ic 39 2 Ol 1 & 4L R F i ic
DT, 2000 HFE AR DL D AR £ M 7 i 2 K IR
b(j‘ 5,8,9,24-26, 31, 32, 47-49, 66, 72, 73, 80) (Table 1)' IE["E@%Q?J‘
5OHEIIIIEROEEE H SN, AKFHH S OHMEIE
2V, Fam B B EFRBERR 1 F4EFER (5%
IR UTAEFHIOEDHT, 1EARmOEFNIEE
FEW) IZDOWT, Dh5HIPITH LTz.

5. FHMiRBAICELTEBINEEE

FHOBICED S, 18/13 F UV I —DBKitL,
BEFBEAOFHOBITIZMHH T 2 SHEICHIEED
RETH D, BERBEICIE TOAF218/13 UV
S—LWVSFEBLTHS RV THLYL) L 2w
H5 >N, FRERERISRARMET 5 C L IdEE
TH 5D, FICRINCKIFICHHT 5ICE TH3E
fy (lethal) J, THEPIIKAE (vegetative) ], [FHEEDZZW
(hopeless) | 7& E DL 75 S Ha/2 k) 5 fic i oD B 2L
PEDMERIE N TS 18, BEREOB VA T
BB, DIEINE TN RN EM TR UET S
DEDEIARHTH S T L, itk s HEOR pED) 7
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Table 1 Publications related to cardiac surgery for T18/13, listed according to year of publication

Numher
Trisomy. . Age at surgery
studied median (range)
ety ens

Graham etal. %) Pediatric Cardiac VSD (14), CoA* (2), TOF (5), PDA (2), AVSD (1) 145d (6-2479d) Discharge alive 8%t
Care Consortium PAB (5), BTS (4), PDA ligation
(pcce) 1 TI3 VSD (6), CoA* (2), TOF (1), PDA (1), AVSD (1) (1), PAB then ICR (4), ICR (21)  77d (4-2375d) Discharge alive 100%+
(International) 2004
Kaneko etal. > Japan 2008 4 T18/13  VSD (1), VSD + COA (1), VSD + PDA (1), VSD + ASD + PAB (2), CoA repair + PABthen  41d (7-79d) >1y 75%
PDA (1) ICR (1), PAB then ICR (1)
Suzukietal.#”)  Japan 2008 3 TI8  MA+CoA (1), VSD+AS (1), VSD + ASD + PDA (1) Bil PAB then ASD enlarge (1), 1m (26-86d) Discharge alive 33%
PAB then ICR (2) Alive in hospital 33%
>1y 67%
1 T3 VSD +PDA (1) ICR (1) 3m Discharge alive 100%
>1y 100%
Kaneko et al. 25 Japan 2009 17 T18 VSD (3), VSD + CoA + PDA (4), VSD + PDA (8), VSD + PDA  PAB (8), CoA repair + PAB (2), 66d (7-258d) Discharge alive 82%
+PAPVC (1), AVSD + CoA (1) PAB then ICR (2), CoA repair + >1y 47%
PAB then ICR (2), ICR (3)
Kobayashi etal. %) Japan 2010 5 TI8  VSD+PDA (1), VSD+CoA (1), VSD + CoA+ASD (1), VSD PAB then ICR (4), ICR (1) 184 (7-258d) Discharge alive 80%
+ASD + PDA (2) >1y 100%
Muneuchi etal.® Japan 2011 9 T18  VSD (1), PDA (1), VSD + CoA (1), VSD+ASD (3),VSD+  PAB (4), PDA ligation (1), CoA  50d (14-295d) Discharge alive 56%
ASD + PDA (2), DORV + VSD + PDA (1) repair + PAB (1), ICR (3) Alive in hospital 33%
>1y 25%
Maeda et al.® Japan 2011 32 T18  VSD (13), VSD + PDA (8), VSD + ASD + PDA (2), VSD + PAB (11), PAB + PDA ligation (7), 1.8m (1d-18.6m) Alive at survey 50%
PAPVC (2), VSD + CoA (4), DORV + VSD + PS (1), DORV+  PAB + CoA repair (3), CS (1), BTS (2pts died in
VSD + MA +CoA + AS (1), TOF (1) (1), ICR (5), UK (2) perioperative period.)
6 TA3  VSD+ASD+PDA (1), ASD+PDA (1), AVSD +PDA (1),  PAB+PDAligation (2), BTS (1),  (4d-9.5y) Alive at survey 50%
VSD +CoA + PDA (1), IAA + APW +VSD (1), TOF (1) ICR (2), UK (1)
Janvier etal.? Survey of parents in 25 T18/13  VSD (19), UK (6) ICR (19), UK (6) more than 3m Discharge alive 100%
social networks$ Byes
(International) 2012
Costelloetal.”  USA2015 7 TI8  VSD+PDA(3),VSD+ASD +PDA (2), TOF (1), DORV +  PAB+PDA ligation (1), BTS (1), mean 105 + 94d Discharge alive 71%
unbalanced AVC + hypoplastic LV + PDA (1) ICR (5) >1y 29%
1 T3 TOF(1) ICR (1) 43d Discharge alive 100%
>1y 100%
Ehara etal.*) Japan 2015 14 T18  VSD+IAA (1), VSD + CoA (2), VSD +AS (1), PA/IVS (1),  IAA repair + PAB (1), Bil PAB (3), 25d (2-167d) Discharge alive 71%
AAVSD (1), VSD (1), VSD + PDA (7) PAB (9), BTS (1) >1y 29%
2 VSD (1), VSD +PS (1) PAB then ICR (1), ICR (1) 2m, 7m Discharge alive 100%
>1y 100%
Bruns et al. %) Tracking Rare 24 T18  VSD(2), VSD + PDA (1), VSD + ASD + PDA (8), VSD + ASD  PDA repair (1), Angioplasty (1), 4m (2w-41m) Alive at survey 88%
Incidence +PDA + PAPVC (1), VSD + ASD (1), VSD + PS (2), BTS (1), PV plasty (2 times) then
Syndromes (TRIS) VSD +ASD + PS (1), VSD + ASD + PDA + PS (1), DORV+  UC (1), PAB then ICR (1), ICR
survey VSD +ASD + PDA (1), TOF (5), UK (1) (17), UK (2)
(International) 2015
Tahara et al. %) Japan 2015 19 T18 VSD (3), VSD + PDA (8), VSD + ASD (2), VSD + ASD + PDA  PAB (15), PAB then ICR (4) 36d (20-69d) Discharge alive 89%
(4), VSD + CoA + ASD + PDA (2) Alive in hospital 5%
>1y 74%
Nakaietal.”?  Japan 2016 10 T18  VSD+CoA (1), VSD +ASD +PDA (3), VSD +ASD (1), VSD CoA repair + PAB (1), PAB (9)  47d (6-123d) Discharge alive 90%
+PDA(5) >1y 30%
Peterson etal.?)  PCCC 18 69 VSD/DORV-VSD (32), TOF/DORV-TOF (12), CoA/IAA (7),  (Surgical procedures) 6.2m Hospital survivor 87%
(International) AVSD (6), Pulmonary atresia (3), Single ventricle (2),  PAB (7), Aortopulmonary shunt
PDA (6), ASD (1) (6), PDA ligation (5), CoA/IAA
repair (7), Bidirectional Glenn
or Fontan (2), PV plasty (1), VSD
closure (27), ASD closure (1),
AVSD repair (2), TOF repair (6),
DORV repair (1)
(Catheterization procedures)  13.1m
Diagnostic (40), PDA closure (2),
CoA angioplasty (2), Pulmonary
artery angioplasty (7), PA/RVOT
stent (2), Angioplasty Fontan
circuit (1)
Ti3 29 VSD/DORV-VSD (7), TOF/DORV-TOF (8), CoA/IAA (8), (Surgical procedures) 3.2m Hospital survivor 72%
AVSD (1), Pulmonary atresia (1), PDA (1), DORV-TGA PAB (2), Aortopulmonary shunt
type (1), ASD (2) (4), PDA ligation (2), CoA/IAA
repair (8), VSD closure (6), ASD
closure (2), TOF repair (6)
(Catheterization procedures)  18.4m
Diagnostic (15), AV plasty (1),
CoA angioplasty (1)
Peterson etal.®  USA 2018 16 T18/13 VSD+CoA+ASD +PDA (2), VSD +ASD + PDAT (1), (Palliated intervention) 17m Discharge alive 57%
DORV + CoA +Sub AS (1), VSD + PS (1), VSD + PDA +AS  PAB + PDAligation (1), CoA
(1), TOF (1) repair + PDA ligation (2), Hybrid
palliation (1), BTS (1), PAB (1),
AV plasty + PAB + PDA ligation
(1)
VSD + ASD + PDA (2), VSD + ASD + PS (1), DORV + PS (1), (Complete intervention) 9.2m Discharge alive 100%
PDA (1), VSD +ASDT (1) , Multiple ASD (1), VSD + AsD + |CR (8), PDA ligation (1), Device
AS+PS (1), vsD + Alll (1), Alll (1), vsD +Ps (1) C'DSH(rel of ASD (2 devices) (1),
AVR (1]

VSD: ventricular septal defect, CoA: coarctation of the aorta, TOF: tetralogy of Fallot, PDA: patent ductus arteriosus, ASD: atrial
septal defect, AVSD: atrioventricular septal defect, PAB: pulmonary artery banding, BTS: Blalock-Taussig shunt, ICR: intrac-
ardiac repair, MA: mitral atresia, AS: aortic stenosis, PAPVC: partial anomalous pulmonary venous connection, DORV: double
outlet right ventricle, IAA: interruption of the aortic arch, APW: aortopulmonary window, CS: central shunt, UK: unknown, PA/
IVS: pulmonary atresia with intact ventricular septum, LV: left ventricle, AVC: atrioventricular canal, PV: pulmonary valve, UC:
unspecified cardiac surgery, Sub AS: subvalvular aortic stenosis, AV: aortic valve, TGA: transposition of the great arteries, PA/
RVOT: pulmonary artery and or right ventricular outflow tract, Al: aortic insufficiency, AVR: aortic valve replacement >1y:
one-year survival rate *: CoA with or without VSD. ': including discharge to referring institutions. *: English-language inter-
net-based parental support groups dedicated to T13/18. : Eighty seven patients underwent 95 surgical procedures and 50
patients underwent 71 catheterization procedures. ": same patient. ": sme patient

© 2020 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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