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Hybrid procedure 

Advantage
• Avoidance of neonatal CPB
• Avoid mutiple transfusion 



Hybrid procedure 

Disadvantage
• Development of retrograde coarctation from ductal tissue

– Neurologic concern – decreased cerebral blood flow
– Coronary ischemia 

• Challenging second operation
– Stent removal
– Arch reconsturction
– BCPS

• Complications related with pulmonary artery banding
– Pulmonary artery distortion
– Band migration 
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• 2002 – 2007
• 40 patients
• Exclusion: 

 non-HLHS univentricular anatomy
 those bridged to a two ventricle repair
 Intact atrial septum
 weight less than 1.5 kg
 significant extracardiac malformations (CDH)
 those previously reported as part of the learning curve.

• Overall survival 82.5% (33/40)
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• 2002 – 2008
• 66 patients 

• Group I :patients requiring RAAO intervention (n=16)
• Group II: no RAAO (n=50) 
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• 2002 – 2009
• 96  patients underwent hybrid stage I

• 68 patients ( 47 boys ) included in study 
• 20 patients had RAAO (29%)
• Risk factors for RAAO
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Bilateral banding  + PGE1 infusion

Advantage to ductal stenting 

• Easier arch reconstruction  at the stage 2
• Better retrograde arch flow for cerebral perfusion or 

coronary circulation
– Prevention of isthmic stenosis



Bilateral banding  + PGE1 infusion

Disadvantages 

• Complication of PGE1
Vasodilation
Apnea
Cost

• Problem with a lonstanding catheter line
Sepsis 

• Longer hospitalization
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• 2004-2007
• PAB group (n=18), PA banding + PGE1 infusion
• Norwood group ( n=25),  ( RV – PA conduit n=14)
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Norwood procedure 

RV – PA shunt vs. modified BT shunt 



Sano modification ( RV – PA shunt)

History 
• Norwood 
• Imato
• Sano 



Sano modification ( RV – PA shunt)

Advantage
• Higher diastolic pressure
• Higher coronary perfusion pressure
• More balanced pulmonary to systemic flow ratio
• Decreased ventricular volume
• Pulsatile pulmonary blood flow
• Improved end-organ perfusion



Sano modification ( RV – PA shunt)

Disadvantages
• Consequence of ventriculotomy

– Arrhythmias
– RV dysfuntion
– RV aneurysm
– Tricuspid valve regurgitation

• Diastolic flow regurgitation – RV  volume load 
• Early cyanosis : lower Qp/Qs
• Earlier second stage procedure 
• Increased number of intervention – inadequate PA growth
• Shunt stenosis/ thrombosis



Complications after Sano modifications

• Ventricular aneurysm 
– Cause: RV tomy 
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• Jan 2000 – April 2007
• 76 patients underwent Norwood procedure
• 35 with mBTS
• 41 with RV-PA conduit
• Pre-Fontan assessment 

 RV systolic function  1 – 4
 TR   1 – 4
 QRS duration
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• 2000 – 2005
• 159 patients
• Group A : Norwood with MBT (n=103)
• Group B : Norwood with RV-PA shunt (n=56)
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Norwood procedure with BT shunt

Advantage
• No ventriculotomy
• Limits right ventricle overload
• Good pulmonary growth 



Norwood procedure with BT shunt

Disadvantage 
• Reduction in diastolic pressure due to a run off of systemic 

blood flow into the lungs
– Decreased coronary perfusion
– Decreased end organ perfusion

• Hemodynamic instability 
• Shunt thrombosis
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• 1996 – 2007
• 157 patients underwent Norwood 
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• Actuarial survival 73.5% at 1 year, 68.4% at 5 year

• Risk factor for early death
 Anatomic subtype ( MS/AA)
 Aorta less than 2 mm
 Aberrant right subclavian artery
 Female gender 
 Absence of ASCP 
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• Pediatric Heart Network ( 15 North American Center)
• Randomized trial 
• 921 patients May 2005 – July 2008
• 555(84%) enrolled in the study
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Bilateral banding  -> staged Norwood 

Advantage
• Avoid neonatal CPB 
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• 2004 – 2007
• 135 patients underwent stage I



Summary   

• HLHS
38 weeks
3.0 kg
No risk factors such as
– Intact or restrictive atrial septum
– Additional cardiac anomalies
– Non cardiac genetic malformation

• Norwood procedure with modified BT shunt 


