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Norwood operation

Basic principles:

Unobstructed systemic outflow of the right ventricle to a reconstructed 
aorta and coronary arteries

Unobstructed pulmonary venous return into the right atrium

Controlled pulmonary blood flow 
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Unobstructed pulmonary venous return into the right atrium

atrioseptectomy
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Unobstructed systemic outflow of the right ventricle to a reconstructed aorta 
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Patch material

Pulmonary allograft (most used)
Cut out of a pulmonary bifurcation that shows a similar shape
Good sewing qualities
Expensive
Not always (accutely) available

Autoloog pericard (glutaraldehyde fixed)

Xeno pericard (Equine, porcine, bovine)

PTFE (Goretex)
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Shape of the patch

Dynaflo® bypass graft; funnel shaped end
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Shape of the patch



Size of the patch

Too small:
AortoPulmonary window narrowing
Residual ductal tissue; Recoartation rate 10-36% after Norwood I

Too large:
Kinking neck vessels
Folds in the patch which cause obstruction of the aortic arch
LPA/RPA compression
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Technique of the arch reconstruction
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Interdigitation of the aortic arch anastomosis

Arch reintervention occurred in 25% the cohort. 
Interdigitation of the distal aortic anastomosis 
reduced the rate of arch reintervention.
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Interdigitation of the aortic arch anastomosis
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An interdigitating arch anastomosis 
protected against subsequent 
reintervention; 11% vs 25% with and 
without interdigitation.



• Material of the patch: homograft, PTFE (Goretex)
• Size and shape of the patch
• Complete ductal removal
• Y incision or Interdigitation of the aortic arch anastomoses
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Unobstructed systemic outflow



Pulmonary blood flow; mBT versus RV-PA Shunt 
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Barron, Seminars in Thoracic and Cardiovascular Surgery: Pediatric Cardiac Surgery Annual, Volume 16, Issue 1, 2013, 52–58

Modified BT-Shunt:

• Shunt from systemic to PA with continuous blood flow 

(syst/diast)

• Shunt size highly important

• Small size (3-3,5 mm) limit pulmonary bloodflow and

diastolic hypotension

RV-PAS (Sano):

• Systolic blood flow to the PA

• At the cost of a venticulotomy in the systemic ventricle

• Concern about short and longterm consequences.

• Greater need for cardiac reintervention (shunt stenosis)

• Poorer growth of branch pulmonary arteries

• Diastolic run-off, low diastolic BP and

decreased CPP.

• RV-overload ↑, wall stress ↑   → RV 

dysfunction with low CO

• Eliminates diastolic run-off.

• Maintenance of diastolic pressure

with higher CPP.

Pulmonary blood flow; mBT versus RV-PA Shunt 
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Single Ventricle Reconstruction trial

• 2005-2008

• 15 North American centers 

• 555 neonates with HLHS or FSRV lesions

• 275 MBTS vs 274 RV-PAS (randomized)

• Primary outcome: combined endpoint of death or HTX 12 months after

randomization

Pulmonary blood flow; mBT versus RV-PA Shunt 



At 12 months:

• RV-PAS: 74% transplantation free survival

• MBTS: 64% transplantation free survival (p=0,01)

At 32 ± 11 months:

• No significant transplantation-free survival difference (p=0,06)

• Anatomic subtype (AA, AS, MA, MS) did not impact outcome

• RV-function at 14 months similar

• RV-PAS required more unplanned surgical or catheter

interventions (p=0,003) (shunt stenosis, branch PA’s, neoarta) 

Pulmonary blood flow; mBT versus RV-PA Shunt 

Results SVR trial



28



29



30



31



32



33



34



35

No consensus which shunt is the “Gold standard”

HLHS forms a complex and highly variable spectrum, which requires

different surgical approaches according to the individual morphology and

physiology of the patient. 

Pulmonary blood flow; mBT versus RV-PA Shunt 
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UMC Utrecht Experience

“Patient tailored approach” for HLHS lesions

– Very limited use of bilateral pulmonary banding and Prostin; 

– patient weight <2,5 Kg, 

– hemodynamic instability in the first week

– Norwood with mBT shunt, Selection criteria for Sano:

– Ascending aorta < 2mm, 

– Moderate/severe TVR, 

– Patient weight <2,5 Kg
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Norwood operation in UMC Utrecht

• Since 2004-2022; 85 Norwood operations (2 bilateral pulmonary

banding and prostin preceding the Norwood)

• 30 day mortality; 14%

• In hospital mortality 18% 
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Conclusions

Best approach for the Norwood operation

• Y- aortic (or interdigitating) anastomosis of the aortic arch

• Homograft or PTFE patch for the aortic arch reconstruction

• If RV-PA shunt; Dunck method

• “Patient tailored approach” may positively influence mortality in HLHS patients

• Nowadays patient specific factors mainly influence outcome of the Norwood operation in HLHS
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Questions
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Workflow Hypoplastic Left Heart WKZ
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We should intervene on all arches 
that seem to have a suboptimal 
shape or size: it is time for cosmetic 
surgery on aortic arches after
Norwood!

Devlin and colleagues1 clearly demonstrate the 
association between residual arch lesions and 
worse tricuspid valve and ventricular function,
and this relationship is undoubtedly causal. The 
current threshold at which reintervention is 
warranted remains poorly defined, and it will 
remain poorly defined, because in a single-
ventricular circulation, arch obstruction is likely to 
impair cardiac output before it generates a high 
gradient.


