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Objective: Between 2004 and 2011 in our institution, we performed the Norwood operation (NW) with bi-
directional Glenn shunt (BDG) for patients with hypoplastic left heart syndrome (HLHS) at 3 months old
following bilateral pulmonary artery banding (BPAB). Since 2012, we have been performsaing NW with a right
ventricular-pulmonary shunt (RV-PA shunt) 1 month after BPAB in HLHS patients. The aim of this study was
to evaluate the efficacy of a rapid two-stage NW operation.

Methods: Between January 2004 and December 2013, a total of 28 HLHS patients underwent NW. NW with
BDG was performed in 22 patients (Group G) and NW with an RV-PA shunt was performed in 6 patients
(Group S). Surgical results were compared between the groups.

Results: In Group G, 8 patients (36.3%) required pulmonary artery plasty and 20 patients (91.0%) underwent
catheter intervention for pulmonary artery (PTPA). Postoperative complications comprised 3 in-hospital
deaths, 2 BDG take-downs, and 1 cerebrovascular infarction. In Group S, no patients required either pulmonary
artery plasty or PTPA, and BDG was performed at a median age of 7 months (range, 6-13 months). Postopera-
tive pressure in the superior vena cava (SVC) was significantly lower in Group S.

Conclusions: NW with an RV-PA shunt 1 month after BPAB enabled avoidance of PTPA and maintenance of a
low SVC pressure following BDG, and was thought to improve surgical outcomes.
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Table 1 Comparison of perioperative variables between group G and group S at BPAB
Group G (n=22) Group S (n=6) p value
Preceding BPAB
22 (100%) 5 (83.3%) p=0.214
Variables of patients preceding BPAB

Age at BPAB (days) 1-51 (6) 1-20 (5) p=0.975

Body weight at BPAB (kg) 1.0-4.0 (2.9) 2.6-3.3 (3.0) p=0.662

Length of BPAB tape (mm) 7-13 (11) 11-13 (11) p=0.481

Interval period between BPAB and Norwood (days) 69-683 (116) 24-43 (33) p<0.001

BPAB: bilateral pulmonary artery banding.

Results are presented as range and median or number and percent.

Table 2 Comparison of perioperative variables between group G and group S at Norwood operation

Group G (n=22) Group S (n=6) p value
Age at Norwood operation (days) 79-699 (121) 26-56 (40) p<<0.001
Body weight at Norwood operation (kg) 3.3-7.5(4.8) 2.8-3.4 (3.1) p<<0.001
Mean PA pressure (mmHg) 9-21 (13) 11-21 (12) p=0.530
Diameter of right PA (% of normal) 57-177 (97) 65-107 (73) p=0.126
Diameter of left PA (% of normal) 59-177 (102) 74-115 (81) p=0.175
PA index (mm?/BSA) 88-604 (215) 98-251 (111) p=0.042
Sa0, (%) 52-93 (74) 72-85 (82) p=0.041
SVEF (%) 24-63 (53) 32-58 (52) p=0.659
SVEDV (% of normal) 78-247 (158) 152-229 (195) p=0.178
PA surgical plasty 8 (36.3%) 0 p=0.103
Operation time (min) 684-1535 (822) 532-750 (682) p=0.002
CPB time (min) 331-926 (425) 275-424 (364) p=0.024
Inotropic score 7-25 (12) 10-18 (13) p=0.643
PTPA within 2 weeks after operation 20 (91.0%) 0 p<0.001
Operative mortality 1 (4.5%) 0 p=0.786
Hospital mortality 3 (13.6%) 0 p=0.470

PA: pulmonary artery, SaO,: arterial oxygen saturation, SVEF: systemic ventricular ejection fraction, SVEDV: systemic ventricu-
lar end-diastolic volume, CPB: cardiopulmonary bypass, PTPA: percutaneous transluminal pulmonary angioplasty.

Perioperative variables at Norwood with BDG operation were described in group G, while those at Norwood operation with RV-
PA shunt in group S. Results are presented as range and median or number and percent.
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Fig. 1 Summary of outcomes for all patients

BPAB: bilateral pulmonary artery banding, RV-PA shunt: Right ventricular-pulmonary shunt, BDG: bidirectional Glenn,
mBT shunt: modified Blalock-Taussig shunt.

Table 3 Comparison of perioperative variables between group G and group S at BDG

Variables Group G (n=22) Group S (n=6) p value
Age at BDG (days) 79-699 (121) 176-223 (216) p<0.001
Body weight at BDG (kg) 3.3-7.5 (4.8) 3.9-6.8 (6.1) p=0.097
Mean PA pressure (mmHg) 9-21 (13) 10-15 (13) p=0.336
Diameter of right PA (% of normal) 57-177 (97) 59-104 (81) p=0.141
Diameter of left PA (% of normal) 59-177 (102) 62-147 (84) p=0.239
PA index (mm?%BSA) 88-604 (215) 90-267 (149) p=0.195
Sa0, (%) 52-93 (74) 63-81 (74) p=0.927
SVEF (%) 24-63 (53) 41-69 (51) p=0.953
SVEDV (% of normal) 78-247 (158) 148-249 (192) p=0.236
PA surgical plasty 8 (36.3%) 1(16.7%) p=0.498
Operation time (min) 684-1535 (822) 279-868 (391) p=0.003
CPB time (min) 331-926 (425) 69-558 (174) p=0.018
Inotropic score 7-25 (12) 3-15 (4) p<0.001
SVC pressure immediately after BDG 11-33 (18) 12-17 (14) p<0.001
PTPA within 2 weeks after operation 20 (91.0%) 0 p<0.001
Operative mortality 1(4.5%) 0 p=0.786
Hospital mortality 3(13.6%) 0 p=0.470

BDG: bidirectional Glenn, PA: pulmonary artery, Sa0O,: arterial oxygen saturation, SVEF: systemic ventricular ejection fraction,
SVEDV: systemic ventricular end-diastolic volume, CPB: cardiopulmonary bypass, SVC: superior vena cava, PTPA: percutane-
ous transluminal pulmonary angioplasty.

Perioperative variables at Norwood with BDG operation were described in group G, while those at BDG in group S. Results are
presented as range and median or number and percent.

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery



106

(192)% T, W¥hd GO NW+BDG fij & A &4
otz BiRO@EL, GEETIE 8HI (36.3%) I
BRI R 23 L 7zDlicxnt L, SEECIERZE LT
DIF1H (16.7%) DHT (p=0.498), F-fiilkefiild
279~868 (391) 47, AN TLDJiilEREIX 69~558 (174)
DTH- T, Mk _LREIRIEE G B 11~33 (18)
mmHg, S A 12~17 (14) mmHg & S B TH =K
M o 7z (p<0.001). S#F ® BDG % inotropic score
& 3~15 (4) T, 2 PTPA Z % L7675 <,
FAIEE, Wb T & & icar -7z (Table 3). G B
TlE, AHRDIECHI>AOIHERZERLS 17 6] (77.3%)
/Y Fontan F 7 I # 3E L, S#EE & 2 # ° Fontan T
lcBE L, 5% 4545 h Fontan fH &M TH %
(Fig. .

z £

4 [nl, BPAB#, 37 A TONW+BDG & 147 H
T®D NW+RV-PA shunt % [LigkEt LTz, %EDH
WEIIRICH T B A4 v 2=y g U REMTE, T
BRI OEE, MBS IHEORINMEE N i,
BDG fiEZD_FKEIRIE I A REICKETH - 7.

HLHS D&%, RV-PA conduit i ¥ 0D A
BEOMFICREL M LU, [EESHD AT
NI E > TNW FiliDRBIEREL, TORD
NW F4fi % [a1kE 9 % 4 2 F-fff & L T BPAB WA <
AENB XSk ->7 Y. —HA NW Ffi & BPAB
ST S8 B ERBEEY NW F+ifi & T, NW Fiffic B
BHECRICEIZNEDWEEHZHN >, KEL 7
& BPAB 7z /T X /72 BET NW FisE R BA RIS
Bhr-otz B LT3, Fi4kE BPAB E A LI,
HiE VIS RV-PA conduit % FU N 7z — A0 NW F4fi ¥
T TWiED, Thic k> TNWHBT shunt Tl
HMFEE T THEEC LT\ S BIERZ G TE S
KoK E-ob 00, Eiliiiic X 2,014 T BDG,
Fontan ICE3E T ERWIEMMNZ S Ho Tz, ZDTz
¥, 2004 L%, BPAB %7 L, BDG &% 37
RHIZAT5, DEICABAMZMNIERWFiiZiToTE
7=,

Tz, HERMOERIVEERDIIC 5 % % 580 Y,
iR O MRS E R BLUSA 5E , BPAB %
1795 T & THAENIADARINIEER % 0]k C & 2 =FRIT K
TVWEEZILND.

LML, BPABT%, 37 HE THRid % 2 DAL,
NW-+BDG %, ERICHEIRND A > 22— g
VEREL, P EREIRIENEETH S T & h—K

BRNRBERSBFEME £31E ¥35

& b N B REZEFIER]S> BDG A ROTRERI S FE L
7z 7z, BPAB % 5HIIC NW+flL> RV-PA shunt %
79 T ZHE Lz, T DX S 7% BPAB %Ol Ik
FHERR® NW i DOREIIRND A > 2 —2 > g
VRO, SKRICE BRI NS K5 ick->
TETUVS >%19 Dave 5 ' |3 BPAB #%, UMt 4 7
HTNW+BDG 217> 72/, primary NW & fbiig L
C, BDG #fi, Fontan iifi® PA index W EZI(RAE T,

86% DIEGNCMBIRICH T 2 A4 2 —XV g V%
WL HELTHD, Davies 5 &, BPABH D
NW X TORFHEIIRN 90 HLL EABIRIC NS 51 >
2 —~y g 7T B risk factor TH - 7= S L
T3, FAOREFITE, GREE SEETNW Hinio
A BRI MBI ARTRIC 221372 <, PA index (3TEL A
GRETKRKEMN -T2 DD, BPAB %, KiO#EHE L 72
G BECTIXRAEIRBR D B TIRILIEDE S IR WIERFI D
Z A EL. fihic®E 7 o — TS5 nizC
& 2 R U T e BRI 217 > TEfI T &, 1l
BT EREIRE & IR A 2ok Tz L, @RIica
P PTPA 2 U7z, 2065 (91.0%) & IEHIC &%
THoHiO—>E LT, M PTPA 275>
e ehbFonsg. LrLiahs, EOREN
TLBWVEBIZFEER T, (Z & A EI3EERIO PTPA
FBEL, —/DSEETIX, NWKCE BDGHRCE
PTPA 28X, LE UTGIRENEZ RO LWV TE
7z. BPAB %, ‘L% 116 HOLLRIARERARRE L
2% TCEHEBPABERIC A V2 =Ry g viEpEEL
o Tl 5D P, BPAB OFEEER T IEIC A
HLAHEII S E T ER WD, BPAB 17 H LR
ICRAEZ RS % T & TR E LN N &,

BDG D i Tld 7 < RV-PA shunt D EH A
MBTED, SEOAVEZ—R2Y g VRIETRICDOR
MNolzbEZBZTWVWS. TOMEIE, GEEDMHNW
Hi PA index WEEICKED 72T T ETSHED
WICEDNBD, FHNCHWV 5 ER{71E BPAB IC X %3k
FERIFE TR > TV RLAENH Y, PA index ¥
FEARTBIAREOMEIZ AT U & AR Ol R 2 sk L
TlEWEneEEz2 513, BDG FiDEARBIIRE
PA index IZZNEWNT EEAEOHEND % & ED
N3. TSR OMEIRTEIC XKL &b,

BDG it D FRKEMRIEN SEECIRETH >z &
5, SEETIERMDOMIMERNFEE LTS EHENE
N, FHID BPAB fEBRAY, KM OMfiME K DFHEE I
WHEEHIZZTZEDEEZ TS, Fiz, SEOHH
BDG B DR K E W28, RN K 2 M ST
DiENE BDG %D FRFMRHEZ KR Te—KTH



107

LABENEIRH B, TN LT, MBS T
0T BDG WMTA B EREIKEVEEDNS

fifi A IC B L Ci&, RV-PA shunt OBFEIC &K -
TNW FliD BRI ifEN G S s K5 icko 1z
ME W HIE Tl RV-PA shunt & BT shunt ® £ %
SNEMTHEMEERDOFSNTHEST 2P, BT
shunt & ERE L2 0155, Tk D G EED BDG AL
ST E 1 40d BT shunt, 1 #1i& RV-PA shunt \ & 25
HUZD, B2t B 2 EEROZENDM T
X, RRIOEBEOHDZIRTH-TT L, EE
MEENTVBRERENAVF T NTBHEY T
nE, HRYUBREFHE/NE L, FiiREE/NSVeHE
ZAbN%T D, FklE RV-PA shunt Z3ER LT
W5, FEZEE, NWH+BDG & [t L T4, SVEDV %
SVEF ICZd7x <, D#REIR Rz TWz. =72l
BRI AV <, EFREIO.DBEREIC 5 % B 23R
TETVRWED, SHOGEZEEICEHLST 205
3H5EEDLNS.

F 7z, SEETIENW RO KEA PL{E 3.1kg &,
FAERERERl, FHOMBEEREIEIELDS
e, FrERMIC N NW 2175 &0 J5ik
EH DS, BLTIRT LA, ERAHHICNW 2175
7o i D JE P B LIE DR ENRIE TH 2 L D
WEEHB Y. UL, TOMETIE, FERIIC
—HNW Zf7o RO HRTOLEETH b, HitR
HIO NW & ZNLUED NW DLl Cld iz, —7,
BPAB fZIC 58 L T NW 217 o IR O Mg H O
JEZHAS TR, SE%DOMREEIFHE O AR
ens.

SE O T, NW-+RV-PA shunt BEOSEFIED
D  BISHAR & O T2 O EFA DR TE TV
WA, GEED Fontan ZI3ER DN 77.3% TH S DITH L,
S Bfld BDG #OfH & BIF T, RikHE 56 T2l
77 Fontan FMICE#ET 2 HIAHTH Y, BPABZ 1 7
H T NW-+RV-PA shunt 21795 Z &ic kb, Bifkx
BAENMEo N5 EEZ SN,

FLEH

it (U B AR K HEAi %, 1% H T RV-PA shunt %
W7z Norwood Flizfr5 2 & T, Mi#EhRERZEE
9, FIEER, A TOBRFREOREN S SN, SR
PTPA 7 [a]ji T = 7z.

Norwood+BDG ffi & © &, BDG KD L KEHIRIE
LS FEDT ENTE, FiEOM LAE SN,

5| STk

1) Gibbs JL, Wren C, Watterson KG, et al: Stenting of the
arterial duct combined with banding of the pulmonary
arteries and atrial septectomy or septostomy: A new
approach to palliation for the hypoplastic left heart syn-
drome. Br Heart ] 1993; 69: 551-555

2) Akintuerk H, Michel-Behnke I, Valeske K, et al: Stenting
of the arterial duct and banding of the pulmonary arter-
ies: Basis for combined Norwood stage I and II repair in
hypoplastic left heart. Circulation 2002; 105: 1099-1103

3) Sakurai T, Kado H, Nakano T, et al: Early results of bilat-
eral pulmonary artery banding for hypoplastic left heart
syndrome. Eur J Cardiothorac Surg 2009; 36: 973-979

4) Kishimoto H, Kawahira Y, Kawata H, et al: The modified
Norwood palliation on a beating heart. ] Thorac Cardio-
vasc Surg 1999; 118: 1130-1132

5) Davies RR, Radtke WA, Klenk D, et al: Bilateral pulmo-
nary arterial banding results in an increased need for
subsequent pulmonary artery interventions. ] Thorac
Cardiovasc Surg 2014; 147: 706-712

6) Knirsch W, Liamlahi R, Hug MI, et al: Mortality and neu-
rodevelopmental outcome at 1 year of age comparing hy-
brid and Norwood procedures. Eur J Cardiothorac Surg
2012; 42: 33-39

7) KHEMBF, KRERYE BRI Norwood Filiic & % 7=
DM TR BE I D IR BRI L. ER AL R 2014; 67:
294-298

8) Mahle WT, Tavani F Zimmerman RA, et al: An MRI
study of neurological injury before and after congenital
heart surgery. Circulation 2002; 106 Suppl 1: 1109-1114

9) Mahle WT, Visconti K], Freier MC, et al: Relationship
of surgical approach to neurodevelopmental outcomes
in hypoplastic left heart syndrome. Pediatrics 2006; 117:
€90-e97

10) Dave H, Rosser B, Knirsch W, et al: Hybrid approach for
hypoplastic left heart syndrome and its variants: The fate
of the pulmonary arteries. Eur J Cardiothorac Surg 2014;
46: 14-19

11) Sano S, Ishino K, Kawada M, et al: Right ventricle-
pulmonary artery shunt in first-stage palliation of hy-
poplastic left heart syndrome. J Thorac Cardiovasc Surg
2003; 126: 504-509, discussion, 509-510

12) Ohye RG, Sleeper LA, Mahony L, et al: Pediatric Heart
Network Investigators: Comparison of shunt types in the
Norwood procedure for single-ventricle lesions. N Engl |
Med 2010; 362: 1980-1992

13) Raja SG, Atamanyuk I, Kostolny M, et al: In hypoplastic
left heart patients is Sano shunt compared with modified
Blalock-Taussig shunt associated with deleterious effects
on ventricular performance? Interact Cardiovasc Thorac
Surg 20105 10: 620-624

14) AESEAE, B R AR BUE RIS 51 % B
¥ —# Y] 7% Fontan FiliZHE LT, IR} 2014;
67:287-293

15) Lynch JM, Buckley EM, Schwab P]J, et al: Time to surgery
and preoperative cerebral hemodynamics predict postop-
erative white matter injury in neonates with hypoplastic
left heart syndrome. ] Thorac Cardiovasc Surg 2014; 148:
2181-2188

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery


http://dx.doi.org/10.1136/hrt.69.6.551
http://dx.doi.org/10.1136/hrt.69.6.551
http://dx.doi.org/10.1136/hrt.69.6.551
http://dx.doi.org/10.1136/hrt.69.6.551
http://dx.doi.org/10.1136/hrt.69.6.551
http://dx.doi.org/10.1161/hc0902.104709
http://dx.doi.org/10.1161/hc0902.104709
http://dx.doi.org/10.1161/hc0902.104709
http://dx.doi.org/10.1161/hc0902.104709
http://dx.doi.org/10.1016/j.ejcts.2009.05.009
http://dx.doi.org/10.1016/j.ejcts.2009.05.009
http://dx.doi.org/10.1016/j.ejcts.2009.05.009
http://dx.doi.org/10.1016/S0022-5223(99)70118-2
http://dx.doi.org/10.1016/S0022-5223(99)70118-2
http://dx.doi.org/10.1016/S0022-5223(99)70118-2
http://dx.doi.org/10.1016/j.jtcvs.2013.10.038
http://dx.doi.org/10.1016/j.jtcvs.2013.10.038
http://dx.doi.org/10.1016/j.jtcvs.2013.10.038
http://dx.doi.org/10.1016/j.jtcvs.2013.10.038
http://dx.doi.org/10.1093/ejcts/ezr286
http://dx.doi.org/10.1093/ejcts/ezr286
http://dx.doi.org/10.1093/ejcts/ezr286
http://dx.doi.org/10.1093/ejcts/ezr286
http://dx.doi.org/10.1542/peds.2005-0575
http://dx.doi.org/10.1542/peds.2005-0575
http://dx.doi.org/10.1542/peds.2005-0575
http://dx.doi.org/10.1542/peds.2005-0575
http://dx.doi.org/10.1093/ejcts/ezt604
http://dx.doi.org/10.1093/ejcts/ezt604
http://dx.doi.org/10.1093/ejcts/ezt604
http://dx.doi.org/10.1093/ejcts/ezt604
http://dx.doi.org/10.1016/S0022-5223(02)73575-7
http://dx.doi.org/10.1016/S0022-5223(02)73575-7
http://dx.doi.org/10.1016/S0022-5223(02)73575-7
http://dx.doi.org/10.1016/S0022-5223(02)73575-7
http://dx.doi.org/10.1056/NEJMoa0912461
http://dx.doi.org/10.1056/NEJMoa0912461
http://dx.doi.org/10.1056/NEJMoa0912461
http://dx.doi.org/10.1056/NEJMoa0912461
http://dx.doi.org/10.1510/icvts.2009.227322
http://dx.doi.org/10.1510/icvts.2009.227322
http://dx.doi.org/10.1510/icvts.2009.227322
http://dx.doi.org/10.1510/icvts.2009.227322
http://dx.doi.org/10.1510/icvts.2009.227322
http://dx.doi.org/10.1016/j.jtcvs.2014.05.081
http://dx.doi.org/10.1016/j.jtcvs.2014.05.081
http://dx.doi.org/10.1016/j.jtcvs.2014.05.081
http://dx.doi.org/10.1016/j.jtcvs.2014.05.081
http://dx.doi.org/10.1016/j.jtcvs.2014.05.081

