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Background: Hiatal hernia (HH) in patients with heterotaxy syndrome can potentially affect the circulation of
a single ventricle. The indications for HH repair have not been clearly established in this cohort.

Methods: We conducted a comprehensive review of the clinical course, encompassing HH complications and
repairs, of 109 patients diagnosed with heterotaxy syndrome and a single ventricle. Neonates treated at our hos-
pital from January 2008 to December 2018 were enrolled in the present study.

Results: Among the cohort, 13 patients (12%) had HH, with 6 patients undergoing subsequent HH repair. Four
patients exhibited pulmonary venous compression by a herniated stomach, all of whom presented with a herni-
ation positioned between the atrium and vertebrae, impacting the pulmonary veins from behind. Three patients
underwent surgery with postoperative duodenal stenosis, and one patient died in the perioperative period of
HH surgery. Among the 7 patients who did not undergo HH surgery, 4 patients successfully completed the Fon-
tan procedure and remained asymptomatic during follow-up (median, 104.5 months; range, 100-112 months).
Conclusion: The surgical indications for HH repair in patients with a single ventricle should be determined
according to their characteristic symptoms and postoperative course.

Keywords: heterotaxy syndrome, single ventricle physiology, hiatal hernia, pulmonary vein stenosis,

non cardiac surgery

L2 NIEEEATEREE - BHLOEBREBOBMEZF L~V =7 (HH: hiatal hernia) (%, H.OE{EEE %
ZRIFULESN, 2Ok — b TO HH BERDESIZEE > TWORL.
FiE 2008 £ 1 A5 2018 4 12 A U THAE U 7= WIS NEMERE - BLOE B 109 A, HH &

2023 4F 12 J1 19 A%AY, 2024 4F 12 J] 29 A%
FHEEg s | SAREAC (E-mail: suzuki.sa@fcho.jp)

T810-0017 kAR TR AN S TTH 15 1% fkdHzC &Lkt mERR
doi: 10.9794/jspccs.41.42

© 2025 Japanese Society of Pediatric Cardiology and Cardiac Surgery



43

O, B DA SRR Z R L.

MR 1361 (12%) B HHZAGL, 66lic HH Tz 1T Uiz, 4 BNZIEME L 72 B X % BifsiR
FEDEEDN, WINEIEHLIZEBNDERHARIC S O i IRZ% A S IEBEL TWAIERETH - 12

FifEr B0 5 B 3 BIAME T ZIRIENAEZ 508, 16011 HH FEMEcses Lz, —74 HH F4f
AEEHW L7z 7H1D S5 B 4 BiliE Fontan FAfiIC R UBBARH (ol 104.54 H, 100-1124 H)

LIERTH - It

fheEm - HLO=EHE O HH BIENI, REAERP itz 2 8 L F o 2E T 2 \NETH 5.

BEREEN

BEZAL~NV =7 (hiatal hernia: HH) (3 &EZAL
ZW U THMMENICENT 2KETH O HFRIEY
7, WEEEEREZRT 5. —RICNEREFEEEPTE
DWLEERZ G T BB FREs L Ths V. %
7z, DIMEFEHES HH OFETEIERDUEDTH D,
FRCIERIRIE BRI RN T DO EREPME TN T
3 2, 3).

HH (FNIESENCERRE LD S REFNC UK LIS OFS
B0, ZTOMARIERICEE T 5 E xR, 2oa
A— MO HH BELESIE IS SN Tnan
HH IZ X 2 BENA R - OIiE EHES S BaEiR
W | E kT FEBMELGERIEN A O NA 7S ZFER D e
L D1R57, £k HH ANOFMim ARG &
HHHY, AR, FHREHEFET 2 & HEHlE
ns.

LTI IER O — M HE SIS A, NS A 7
FEOMIL LI PHRARKT TH 5 MiFtiRpEsE (pul-
monary vein obstruction: PVO) Y A7 D ez
HH #RiG#ES & U, fERZ F2IER Lz 5 2 TH
BN AZIT> TWa. BBtk 2 HH Za80f L
Te NIEEEALERETE « BLOEEH 13 FlI DV THR
BFT ADA ISR, iRz Zo e FHRICOn
THEd 5.

A&« Bk

O, @R CT E§ Lo Lz & liEik & OniEkd
Rz MER IR PERE & JEEHERE D —RER CLER U7z, 18
i U728 K 2 MiEIREERE, WU H IS 200
FHIRD M Z DN I K TRAEBOED 50% LR
TH3%5E, &L IKMFONENED SNZYE L
U, #EH2RENTIE BEZR Z VTt 7o, ik
B (AR K zidrhddE EipR) TR
U, BEREBIRE (%) TRUTE. HFERO B
LI t ez IV, p<0.05 ZHEE LTz
AMPEEEE R R ZOGEENB AT+ — LR
VeV AT, WAl EEEimEEES
(Z5 2021-811, 2021 4FE 7 H 27 HEE) THER
DL LTIz,

E Al

2008 4 1 HA 5 2018 4E 12 HIC Y T IR
BT o e WSS NDEMRRED HLOE BB 109 6172 05
IZ, HH Of##, HH A0Hllc BT 5 LIEEEDT
5, PVO U X7 il = & 1= Tl s oW, Tl
e, B oft#E (Fontan Fli23E#, Fon-
tan FAiZOIMITHIRE) Z% /5 HICHHA L/z. HH
T I T B ORI Z & 5T B 7201,
Fontan Fili B k-1 TEIREZ HH Fiif1 161 &
JERATHI D —RERI LB Uz, £z, MBI U2 E DM
kZE L PVO L2 U R 7 2HE5MICT 51

BELES (Table D

HH & 0f O N s B 07 6 #F - HoL = E 1 13 6
(12%) T, BR7HI, LH6ellTH>7. 2HIN
RO M CT I T EM I B ia2e i = 38
bicT &5 HH W E iz, 10 FlIC i IRE iR
% (total anomaly of pulmonary vein connection:
TAPVC) Z&fF L7 (Ta 2, Ib24l, IIb 44, III
11, Ta+1Ib 141D 7RG R DORERNC BT,
M@t RE 2 A LD B IS Hivi I % 8531 TAPVC
(Ilb) &@Wr L7z, 4 FIFIC PVO Zid Tz 2 iz &
&5 4 A TAPVC [&184i % fitif T & 17z. TAPVC &8
itk 3 B FEAE 2k LR T2 & Uz, 7 (i
AR (RS 461, OESILHD 246
L.

HH &5 #5177 6 Hld HH FiiARHADRZE (Table 2)
HH 13 #ih 6 511" HH (1G58 & Bl & il
PEATE Nz, HHABIEINRA TR, H#E 9.2+5.5%
H, tAEZ 6.2+1.9kg ThH - 7z. HHEEMHHESI,
PRREFHES T S R38R 161, HH < & 2 iR
PRt - 7o 4 B, KM RS i 5 R B AT O e B £
JIAR—AMREN 1 BITH > Tz, WHiLIZHEICK

© 2025 Japanese Society of Pediatric Cardiology and Cardiac Surgery



44

Table 1 Patients with hiatal hernia
Case Sex Cardiac diagnosis TAPVC TAPV.C PVO Cause of PVO Operation Prognosis
repair for HH
1 F SRV CAVV PS TAPVC(lIb) RAI + - - - + Achieved Fontan
SRV CAVV Pulmonary atresia Post TAPVC repair .
+ + +
2 M bil SVC TAPVC(Ib) SVT RAI Compressed by HH Waiting for BDG
SRV CAVV non confluent PA Death
+ - + +
s F TAPVC(IIb) AT RAI Compressed by HH (Perioperative death)
4 M SRV CAVV PS TAPVC(llb) RAI + — Compressed by HH + Achieved Fontan
5 M SRV CAVV PS cAVB RAI - - Compressed by HH + Achieved Fontan
6 F SRV CAVV PS bil SVC TAPVC(la) + + Post TAPVC repair + Achieved Fontan
SVT RAI
7 M SV CAVV AS CoA bilSVC RAI - - - - - Death
SRV CAVV PS bil SVC . . .
8 F TAPVC(Ib) SVT RAI + + + PVO since birth — Achieved Fontan
SRV CAVV PA bilSVC .
9 F TAPVC(lIb) RAI - — - - — Achieved Fontan
10 M SRV CAVVPS bil SVC TAPVC(Ia) - + PVO since birth - Death
common PV atresia RAI
SV CAVV PA TAPVC(la+llb) .
11 M SVT RAI + Achieved Fontan
12 M SRV CAVV PA RAI - - — - - Achieved Fontan
13 F SRV CAVWnon confluentPA +  +  PostTAPVC repair - Death

bil SVC TAPVC(Ill) SVT RAI

AS, aortic stenosis; AT, atrial tachycardia; BDG, bidirectional Glenn; bil SVC, bilateral superior vena cava; cAVB, complete atrio-
ventricular block; CAVV, common atrioventricular valve; CoA, coarctation of the aorta; HH, hiatal hernia; PA, pulmonary artery;
PAPVC, partial anomalous pulmonary venous connection; PS, pulmonary stenosis; PV, pulmonary vein; PVO, pulmonary vein
obstruction; RAI, right atrial appendage isomerism; S(R)V, single (right) ventricle; SVT, supraventricular tachycardia; TAPVC,

total anomalous pulmonary venous connection.
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Table 2 The data of patients receiving HH operation

Body Circulation at  Operation
Case Age weight . . p. . Approach Operation Reoperation Prognosis
HH operation  indication
(kg)
1 To improve Duodenal stenosis Alive
1 Y 9.5 BDG digestive Unknown « HH operation Improved digestive
5m —Pyloroplasty
symptoms symptoms
1y SPS To release PV . DI;ﬁ:arztii?)Tatlc Alive
2 7.5 Post TAPVC L —
3m osre air compression aparoscopy « Fundoplication Recurrent PVO
P » Gastrostomy
To rel PV « HH ti —
3 7m 4.7 SPS ore ease. Laparoscopy operation . Death
compression - Gastrostomy (Duodenal stenosis)
+ Drainage of
To release PV « HH operation intraabdominal Alive
4 7 5.5 SPS+PAB L
m obstruction aparoscopy « Fundoplication abscess Improved PVO
+ Gastrostomy
Duodenal stenosis Alive
To rel PV - HH ti
5 3m 50 Pre BDG ore ease. Laparoscopy . operation . —Gastroduodenal Improved PV
compression + Repair of malrotation .
bypass compression
« HH operation
SPS To secure Laparosco « Fundoplication
6 6m 49 Post TAPVC  a space for P . Repair of malrotation — Alive
. . —Laparotomy
repair TAPVC repair + Gastroduodenal
bypass

BDG, bidirectional Glenn; HH, hiatal hernia; PAB, pulmonary artery banding; PV, pulmonary vein; SPS, systemic to pulmonary
shunt; TAPVC, total anomalous of pulmonary vein connection.

Fig. 1

Chest CT images of case 4
A, B: 14 days old. The right Lower pulmonary vein (white arrow) is compressed by hiatal hernia (HH, red dotted circle).
C, D: 5 months old. The right lower pulmonary vein obstruction (PVO) due to compression by HH was detected. The HH
moved to the back of the left pulmonary vein. E, F: Post HH operation. The PVO was not detected. After confirming this
finding, BDG was performed.
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Fig. 2 Post operative duodenal obstruction due to compression by abnormal ligaments and vessels (Case b)

A: Preoperative schema of abdominal organs. B: Postoperative contrast study of upper gastrointestinal tract. The con-
trast medium is stuck in the stomach due to duodenal stenosis. C: Operation record of re-operation. Abnormal liga-

ments and vessels (arrow) obstruct the duodenum.

Heterotaxy " Single ventricle

n=109

I |

Hiatal hernia(+)

Hiatal hernia (-)
n=96(88%)

n=13(12%)

Hiatal hernia
operation(+)

n=6

Death(n=1)

Perioperative
Death

Hiatal hernia
operation (-)
n=7
Death(n=3)
Ininfancy n=2
Waiting for
Fontan n=1 Alive(n=4)
Achieved
Fontan

Waiting for BDG n=1
Achieved Fontan n=4

Alive(n=5)

Fig. 3 Flow chart of Patient’s course
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Table 3 The data of patients after Fontan procedure

Hiatal hernia operation (+)

Hiatal hernia operation (—)

n=a n=a p value

Age at Fontan operation (months) 35 (28-53) 43 (33-72) 0.49
Cardiac catheterization

Sa0, (%) 94.7 (93.4-95.5) 95.2 (89.9-95.6) 0.69

CVP (mmHg) 8 (6-9) 12 (11-14) 0.03

C.1 (L/min/m?) 2.78 (1.98-2.84) 3.68 (2.57-4.09) 0.2

Rpl (wood/unit/m?) 1.56 (1.28-2.53) 1.39 (0.95-2.39) 0.69

PA index (mm?/m?) 261.2 (200.7-335.3) 217.5 (202.7-279.9) 0.49

C.l, cardiac index; CVP, central venous pressure; PA index, pulmonary artery index; Rpl, pulmonary vascular resistance index;

Sa0,, arterial oxygen saturation.
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Fig. 4 Chest CT images of all cases

If the pulmonary vein and hiatal hernia (HH) are in the same cross-section, the round shows HH (Case 1-5, 7, 11). A: In
case 2-5, the pulmonary vein compression is observed. B: In case 1, 6-9, 11-12, the pulmonary vein compression is not

observed.

Case3

Fig. 5 The round shows hiatal hernia (HH) and the arrow shows pulmonary vein compression by HH

Case 3: With the progression of funnel chest, the pulmonary vein continues to be compressed. Case 9: Despite progres-
sion of funnel chest, there is no compression of the pulmonary veins.
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X D ICNIEENIAE R BEIC 381 B HH BHE &, Tl
RHCRFR BN TH B T LICHE LRI N R
5. Fiz, TOaR— MBS TSI d
LEFEREWHRTIZANT E XD, Bz FRE
AT FIEBNEBE 5T e, MR AR oD i it
HC B BERA D LI A, MitkH EwiHEm
HB U ZBRICE T 2175 T &AM TEIREmIC & ) A
UTHBEEZLNZGEICHE LTS,
AWZEDORA L UT, PNIESHAERERHCH T 5 HH
DBEFEME IEFIEN DR &, % HNEM
WNTHBTENBFOENG. £z, WHLZEDLD
A FEPERTA 72 22 A8 IRFIC LA T > TW sy, HH Tl
BHEERICK D BEIIREL, EERRICERD SNk
o ToDIEEHEDNELT 2 2 2SN TED,
Gnanenthiran 53 HH 269 % )\ 32§41 T 300g DO
KERUC K O W U2 O EEENEEL T 2 2 &
A U . ZEERE ORI O A T L i A s
FrRES SN, BFEEFEGOFEZ TS C &
M, FESRED—BNC R 2 TREMED D 5.
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HH 13 flic DWW it Uz, HH EE M 5E1 7 6 fil
5 BB fEHIRBEO FifnEs TH D, 55 3 filH HH
&I PVO & 7& <6, 16123 PVO &b 0,
1 Ay HH B8 O JEMENCIET Uiz, iRl X
DES s U & U 72 IETF0 7 Blic s id, 44
7 Fontan FNICEREL THD, HHICIED BHEER
RSB EN- . T LE KN T AR SEFIEIC
HH B85 2 a9 % &0 9 YRad B % NS
POREMRERE « BLOE S0 HH IS AT 2 S8 EHAERIRIS 13
BYTHBHLEZILNS.
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