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TGA VSD and LVOTOTGA, VSD, and LVOTO

• Incidence : 0.7% of all CHD%

20% f TGA ith VSD• 20% of TGA with VSD

• 4% of infants undergoing surgery for TGA



Potential Anatomic Substrates for LVOTOPotential Anatomic Substrates for LVOTO
in TGA with VSD 

Cardiol Young 2005;15(Suppl.1):76-87



Surgically Resectable LVOTOSurgically Resectable LVOTO
in TGA with VSD 

Cardiol Young 2005;15(Suppl.1):76-87



Surgical Option for Resectable LVOTO



Surgically Unresectable LVOTOSurgically Unresectable LVOTO
in TGA with VSD 

Eur J Cardiothorac Surg 2007;31:880-8



Surgical Optionsg p
(When LVOTO Resection + ASO Contraindicated)

1. Rastelli procedure (1968)

É2. REV (Réparation à l’Étage Ventriculaire) procedure  
(Lecompte procedure, 1980)

3. Nikaidoh procedure (Aortic translocation, 1983)



Rastelli ProcedureRastelli Procedure



Gian Carlo Rastelli Rastelli Procedure
(1933 – 1970)

Circulation 1969;39:83-95 



Rastelli ProcedureRastelli Procedure

J Thorac Cardiovasc Surg 1992;103:428-436



Tricuspid Malinsertion in the Rastelli Operation
C l Fl M th dConal Flap Method

Ann Thorac Surg 1995;59:1476-80



“Rastelli Procedure”Rastelli Procedure

D TGA VSD d LVOTO• D-TGA, VSD, and LVOTO

• Truncus arteriosus

• VSD with pulmonary atresia / stenosis

• Double outlet right ventricle (DORV)

• cc-TGA, VSD, and LVOTO 



Valved Conduit



M / 10 years
D-TGA, VSD, LVOTO, ,

s/p RMBT shunt (2m)
s/p Rastelli procedure (1y)
s/p PVR (6y)p ( y)
s/p Conduit change (10y)

Currently potential LVOTO

What else in the future?

Conduit ChangeRemoved Conduit



Boston Children’s Hospital Experience

J Thorac Cardiovasc Surg 2000;120:211-23



Freedom from Reoperation

84%84%

21%

J Thorac Cardiovasc Surg 2000;120:211-23



Survival at 20 years : 52% ! 

No differences over the study periods

J Thorac Cardiovasc Surg 2000;120:211-23



Causes of Late DeathCauses of Late Death

• LV dysfunction

• Sudden death (arrhythmia)

• At reoperation• At reoperation

• UnknownUnknown

• Conduit pseudointima rupture

• Myocarditis



Mayo Clinic Experience

Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu 2001;4:3-15



Mayo Clinic ExperienceMayo Clinic Experience

• 1968 – 1990
• 160 early survivorsy
• Follow-up : 12 years

• 53 late deaths (sudden, CHF, PHT...)
• Freedom from conduit reoperation : 27%
• 2 LVOT reoperations
• Survival at 20 years : 59% !

Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu 2001;4:3-15



German Heart Center Munich Experience



German Heart Center Munich Experience

Freedom from reoperation for LVOTO at 20 years : 93% 

Ann Thorac Surg 2007;83:2169-75



German Heart Center Munich Experience

Survival at 20 years : 58% ! 

Ann Thorac Surg 2007;83:2169-75



Sejong General Hospital ExperienceSejong General Hospital Experience

• 1987 – 2007
• N = 17 (data unavailable for 1 patient)( p )
• Age : 3.3 y
• Follow-up : 10 3 y (1 follow-up loss)• Follow-up : 10.3 y (1 follow-up loss)

• No early / late mortality
• 100% RVOT reoperation
• 2 LVOT reoperation
• 1 late arrhythmia (frequent VT)• 1 late arrhythmia (frequent VT)



What about Single Ventricle ?
T t E iToronto Experience

60% survival at 20 years !



Problems of Rastelli ProcedureProblems of Rastelli Procedure

• RVOTO : no ideal conduitRVOTO : no ideal conduit

• LVOTO : multi-factorial

• Poor long-term survival : 
LV dysfunction, arrhythmia



Mechanisms of LVOTOMechanisms of LVOTO

• Restrictive VSD• Restrictive VSD
Originally restrictive
Reduced LV volume loadReduced LV volume load
Septal hypertrophy d/t RV hypertension

• Baffle(tunnel)-related problems

• Non-anatomical LVOT courseNon anatomical LVOT course
→ turbulance → subaortic membrane

Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu 2001;4:3-15



Mechanisms and Prevention of LVOTO

1. VSD enlargement

2 Correct baffle design2. Correct baffle design

3. Straight LVOT course



S/P DORV Tunnel Repairp
Tunnel Stenosis + Subaortic Membrane

Peak LV-to-Ao PG  80 mmHg



Extended Septoplasty



REV ProcedureREV Procedure



REV ProcedureREV Procedure

J Thorac Cardiovasc Surg 1992;103:428-436



REV Procedure (1)

Oper Tech Thorac Cardiovasc Surg 2003;8:150-159



REV Procedure (2)

Oper Tech Thorac Cardiovasc Surg 2003;8:150-159 



REV Procedure (3)

Oper Tech Thorac Cardiovasc Surg 2003;8:150-159 



REV Procedure (4)

Oper Tech Thorac Cardiovasc Surg 2003;8:150-159 



Conal Flap Technique

Oper Tech Thorac Cardiovasc Surg 2003;8:150-159 



French Experience



French Experience

• 1980 – 1990

• REV group      : N = 40  (3.3 y)g p ( y)
• Rastelli group : N = 22  (8.1 y)

• Follow-up : 4.6 y

• No difference in survival
L RVOT ti i REV• Less RVOT reoperations in REV group

J Thorac Cardiovasc Surg 1992;103:428-36



J Thorac Cardiovasc Surg 1997;114:746-54



Metras Modification

J Thorac Cardiovasc Surg 1997;114:746-54



French Experience



French Experience

• 1986 – 1999

Freedom from RVOT reoperation

1986 1999

• N = 42

• Mean age : 1.4 years

• Mean follow-up : 5.4 yearsp y

• No LVOTO

Eur J Cardiothorac Surg 2001;19:283-289 



SNUCH Experience



SNUCH Experience

• 1988 – 1999
Freedom from RVOT reoperation

• N = 45

• Mean age : 2 4 yearsMean age : 2.4 years

• Mean follow-up : 4.9 years

• No LVOTO

• No Lecompte maneuverp

Ann Thorac Surg 2001;72:176-81 



SNUCH Experience



SNUCH Experience

• 1990 – 2002

• REV group      : N = 25  (2.0 y)
• Rastelli group : N = 10  (3.3 y)

• Follow-up : 5.9 years



Freedom from Reoperation
(RVOTO & LVOTO)

Eur J Cardiothorac Surg 2004;25:735 



Pros and Cons of the REV ProcedurePros and Cons of the REV Procedure

Eur J Cardiothorac Surg 2001;19:283-289 



Nikaidoh ProcedureNikaidoh Procedure



Nikaidoh ProcedureNikaidoh Procedure

J Thorac Cardiovasc Surg 1984;88:365-72



Nikaidoh Procedure (1)Nikaidoh Procedure (1)

J Thorac Cardiovasc Surg 2007;133:461-9



Nikaidoh Procedure (2)Nikaidoh Procedure (2)

J Thorac Cardiovasc Surg 2007;133:461-9



TGA + VSD + LVOTO

Rastelli procedurep

Nikaidoh procedureNikaidoh procedure

Curr Opin Pediatr 2000;12:501-4 



Pittsburgh and Florida Experience



Cardiol Young 2005;15(Suppl.1):102-5



Pittsburgh and Florida Experienceg

• 1996 –
• N = 12
• Mean age : 2 years
• Follow-up : 2 8 years• Follow-up : 2.8 years

• 2 RVOT reoperations
• No LVOTO, No late death
• 3 moderate AR

Ann Thorac Surg 2005;79:2089-93 



Pittsburgh and Florida Experienceg
(Unpublished Data)

• 1996 –
• N = 21
• Follow-up : 5.9 years

• 1 early death, 1 transplantation
• 3 RVOT reoperations
• 3 late deaths
• 1 AVR d/t severe AR

Multimedia Manual of Cardiothoracic Surgery, 2008



Boston Children’s Hospital Experience



Ross-Switch-Konno Procedure (1)Ross Switch Konno Procedure (1)

J Am Coll Cardiol 2007;49:485–90



Ross-Switch-Konno Procedure (2)Ross Switch Konno Procedure (2)

J Am Coll Cardiol 2007;49:485–90



Boston Children’s Hospital Experience

• 1993 – 2005
• N = 11
• Mean age : 7 months
• Follow-up : 4 9 years• Follow-up : 4.9 years

• 6 RVOT reoperations
• No LVOTO, No late death
• 1 moderate AR

J Am Coll Cardiol 2007;49:485–90



Nikaidoh’s Experience

J Thorac Cardiovasc Surg 2007;133:461-9



Nikaidoh’s Experience

• 1983 – 2006
• N = 19
• Mean age : 3.3 years
• Follow-up : 11 4 years• Follow-up : 11.4 years

• 7 RVOT reoperations
• No LVOTO, No late death
• 9 mild AR

J Thorac Cardiovasc Surg 2007;133:461-9



Freedom from LVOT and RVOT ReinterventionFreedom from LVOT and RVOT Reintervention

J Thorac Cardiovasc Surg 2007;133:461-9



Survival after Nikaidoh, REV, and RastelliSurvival after Nikaidoh, REV, and Rastelli

J Thorac Cardiovasc Surg 2007;133:461-9



Chinese Experience

J Thorac Cardiovasc Surg 2007;133:1090-2



Double Root Translocation

J Thorac Cardiovasc Surg 2008;135:331-8



Chinese Experience

J Thorac Cardiovasc Surg 2008;135:331-8





Pros and Cons of the Nikaidoh ProcedurePros and Cons of the Nikaidoh Procedure

• Pros
Anatomical biventricular outflow tracts
Reduced risk of LVOTO
Excellent long-term survival

• ConsCons
Technically demanding
RVOT problems not solvedRVOT problems not solved
Possible development of AR



SummarySummary

• Rastelli procedure : still “Gold Standard”
• REV and Nikaidoh procedurep

Likely to cause less LVOT problems
Likely to have better long-term survivaly g

• RVOT problems will continue• RVOT problems will continue.
• Improvement of long-term survival

Early correction
Meticulous surgical technique to prevent LVOTO



Thank You !


