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Modified Norwood Procedure Using a Right Ventricle to Pulmonary Artery
Conduit for Hypoplastic Left Heart Syndrome:
Innovation and Transition of this New Operative Procedure

Hidefumi Kishimoto
Department of Cardiovascular Surgery, Osaka Women's and Children’s Hospital, Osaka, Japan

The stage 1 Norwood procedure, using a modified Blalock-Taussig (BT) shunt under cardiopulmonary bypass
has been the standard procedure for patients with hypoplastic left heart syndrome (HLHS), with Norwood
et al. first reporting successful palliation in 1981. However, the surgical results were unsatisfactory in 1992. Of
the patients with right atrial isomerism who underwent repair of total anomalous pulmonary venous connec-
tion under cardiopulmonary bypass in the neonatal or early infantile period, many patients with pulmonary
atresia, who received a modified BT shunt had a poor clinical outcome due to unstable hemodynamics postop-
eratively. However, many patients with pulmonary stenosis or post pulmonary artery banding were relatively
stable hemodynamically, and survived the procedure. We suggest that the decrease in diastolic blood pressure
from blood steal by the BT shunt resulted in a decrease in coronary blood flow. The decrease in pulmonary
vascular resistance in the early postoperative period reinforced the increased flow through the BT shunt and
ameliorated unstable hemodynamics. We report a modified Norwood procedure using a conduit between the
right ventricle and pulmonary artery (RV-PA Norwood procedure). This modification led to satisfactory results
and stable postoperative hemodynamics with no operative deaths in seven consecutive patients with HLHS.
This modification has now become an option for the stage 1 Norwood procedure. An early bidirectional Glenn
procedure following the RV-PA Norwood procedure has markedly improved the prognosis of patients with
HLHS.

Keywords: hypoplastic left heart syndrome, right ventricle-pulmonary artery conduit, modified
Norwood procedure
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Fig. 1 Relationship between postoperative PaO, and operative results of total anomalous pulmonary

venous connection with right atrial isomerism

PA, pulmonary atresia; PAB, pulmonary artery banding; PaO,, arterial oxygen pressure; PS, pulmonary stenosis. 1: oper-

ative death
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30~40mmHg IC 1> 1 —)Ld % T L HVT X FSEf
ThH-7? (Fig. 1).
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Fig. 2 HLHS (a) and BT-Norwood procedure (b)
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BT, Blalock-Taussig; HLHS, hypoplastic left heart syndrome
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Fig. 3 RV-PA conduit

A tricuspid valved RV-PA conduit with a 6 mm
diameter is made from porcine pericardium.
PA, pulmonary artery; RV, right ventricle

Norwood Operation
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Using Valved Pericardial Roll Between RV and PA

Pericardial Roll
(equine)

Fig. 4 Norwood procedure using the RV-PA conduit
PA, pulmonary artery; RV, right ventricle
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Valved
Pericardial Roll
(porcine)

Pericardial Roll
(equine)
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KBTS LEFEZEROWRMN 2 EULETHoT2ED
& PA DIEFITIZ 8l 4B TH > zDITH L, PS,
PAB & DIEHITiZ 13l 1 BlOHTH > 7z, 21
W, FHBECD 4 62 5R < 17 HloFLRIIC B 55
BIMYFRORE, FrAERHI OBERL 728 Db 9
(PA 5, PS4f]), HRETIC0~1 FlckEE o7z
LD 8HITINTPSDERITH -T2, £, AR
Hﬁl%ﬁzf@ﬁzﬁﬁu 8 lid IR PS WITH - 1=
HOOZEHELEEIC N3 % Fontan B FiliD 7z D

1992 year

Fig. 5 Improvement in the reconstructive tech-

1995~98 year

nigue using RV-PA conduit

Grade of AVV regurgitation

e F-0f7 & LT RV-PA conduit I & % [ififiL i O fife
{1, HLHSIZ X L 1981 4 Norwood 5 12 & D #%
12mm @ Hancock valved conduit I & b {7 ¥,
721991 4 Imai 51 K > T=RFMFICHL, £
5mm @ EPTFE A Lifi C & U RV-PA “shunt” 27
bnTni¥. UL, KIEOIRRIEZE FE &
BOMRZE#RL TN D TRz DL
BEAZ, TOHLOEZFICKS1Mi7% 1998 4, “The
modified Norwood operation using an extra cardiac
conduit from the right ventricle as a pulmonary blood
supply” &5 %A )LT Ann Thorac Surg IC#hR L
Te. UM USEBID 5 B & D7x <, UL brEEAE
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Fig. 6 Change in common atrioventricular valve regurgitation grade after palliative surgery for patients

with right atrial isomerism

AVV, atrio ventricular valve; PA, pulmonary atresia; PAB, pulmonary artery banding; PS, pulmonary stenosis
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10 to systemic circ.
5 to pulmonary circ.
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Fig. 7 Pulmonary blood and ventricular volumes after each procedure

circ., circulation
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