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1-week old neonate with HLHS

GA 38 wk, Bwt 3.0 kg

No other risk factors
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William I. Norwood
Hypoplastic left heart syndrome: Experience with palliative 

surgery (AJC, 1980)

Experience with operations for hypoplastic left heart 

syndrome (JTCS, 1981)

Physiologic repair of aortic atresia-hypoplastic left heart 

syndrome (NEJM, 1983)
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1979 – 1981

16 patients with HLHS

RV-Ao conduit (n = 3)

RV-PA conduit (n = 3)

Central shunt (n = 9)

LV-Ao conduit (n = 1)
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RV-PA conduitRV-PA conduit Central shuntCentral shunt
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N Engl J Med 1983;308:23-26N Engl J Med 1983;308:23-26
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Norwood operation

Modified BT shunt
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Modifications of Norwood op
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Valved conduit (6mm)Valved conduit (6mm)

1992-1999

7 patients with HLHS (2.4 to 3.3 kg (2.8 kg))

3 deaths

Diastolic pressure of the systemic circulation after the Norwood 

palliation with an extracardiac conduit markedly increased 

compared with use of a Blalock-Taussig shunt. 

The increase seemed to be advantageous in systemic perfusion, 

including the coronary circulation.
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A conduit between the right ventricle and the pulmonary 

artery seems an excellent alternative pulmonary blood 

source, although right ventricular function needs to be 

carefully monitored.
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19 patients with HLHS

Modified Norwood operation with RV-PA shunt

Early mortality 2/19 (11%)

Survival rate 53% to 89% after modifications

Without delicate postoperative management to control 

pulmonary vascular resistance, the modified Norwood procedure 

using the right ventricle–pulmonary shunt provides a stable 

systemic circulation as well as adequate pulmonary blood flow. 

This novel operation may be particularly beneficial to low-birth-

weight infants with hypoplastic left heart syndrome.
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15 patients with HLHS

Stage 1 Norwood with RV-PA conduit

Early mortality 1/15 (6%)

RV to PA conduit eliminated diastolic runoff into the pulmonary 

vascular bed resulting in a higher diastolic blood pressure. 

This physiology appears to be associated with a more stable 

postoperative course and improved hospital survival.
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2003 -2009
23 patients with HLHS & variants
2003 -2009
23 patients with HLHS & variants
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RV-PA conduit (n = 15)
RMBT shunt (n = 8)

Concerns about impact of RV 
incision on later outcome
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Current available evidence, although weak, does not show any 

adverse effects of ventriculotomy on ventricular performance in 

patients with Sano shunt in the short- and medium-term.

However, all the existing studies are limited by small numbers, 

non-randomised design and retrospective nature with failure of 

correlation of echocardiographic indices to clinical outcomes.
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RV-PA shunt
• Theoretic advantages 
• Absence of diastolic blood 

flow (systemic to pulmonary)
– A more stable postoperative 

course
– Increased coronary arterial 

flow because of the lack of 
aortic diastolic runoff

– Lower interstage mortality
– Improved weight gain related 

to improved splanchnic 
perfusion

• Potential disadvantages
– Ventriculotomy

• Ventricular dysfunction
• Arrhythmias
• False aneurysms

– Free PR - Ventricular dilation, 
– Decreased PA growth related 

to the lack of forward flow 
during diastole, 

– Need for earlier stage II 
procedure because of 
hypoxemia


