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Surgical Outcome of Biventricular Repair for Double-outlet Right Ventricle:
A 18-Year Experience

Jeong Ryul Lee, M.D.*, Ho Young Hwang, M.D.* Hong Gook Lim, M.D.*
Yong Jin Kim, M.D.*, Joon Ryang Rho, M.D.*, Eun Jung Bae, M.D.**
Chung Il Noh, M.D.**, Yong Soo Yun, M.D.**, Curie Ahn***

Background: We reviewed our 18-year surgical experience of biventricular repair for double-outlet right ventricle.
Material and Method: One hundred twelve consecutive patients (80 males and 32 females) who underwent
biventricular repair for double-outlet right ventricle between May 1986 and September 2002 were included. We
assessed risk factors for early mortality and reoperation. Reoperation-free survival rate and actual survival rate were
analysed. Result: Most common type of ventricular septal defect was subaortic (n=58, 52%) and non-committed
type was second most common (n=32, 29%). Four different surgical methods were used: intraventricular baffle
repair (n=71, 63%); right ventricle to pulmonary artery conduit interposition or REV with left ventricle to aorta baffle
repair (n=24, 21.4%); arterial switch operation with left ventricle to pulmonary artery baffle (n=14, 12.5%); Senning
atrial switch operation with left ventricle to pulmonary artery baffle (n=3, 2.7%). Thirty four patients{(30%) underwent
palliative procedures before definite repair. Twenty three patients (21%) required reoperations. There were 12
(10.7%) early deaths and 4 late deaths. Age younger than 3 months at repair (p=0.003), cardiopulmonary bypass
and aortic cross clamp time (p=0.015, p=0.067), type of operation (arterial switch operation) (p<0.001) and type of
ventricular septal defect (subpulmonic type) (p=0.002) were revealed as risk factors for early death in univariate
analysis, while age under 3 months was the only significant risk factor in multivariate analysis. Patients younger
than 1 year of age (p=0.02), pulmonary artery angioplasty at definitive repair (p=0.024), type of ventricular septal
defect (non-committed) (p=0.001), type of operation (right ventricle to pulmonary artery conduit interposition and
REV operation) (p=0.028, p=0.017) were risk factors for reoperation in univariate analysis but there was no
significant risk factor in multivariate analysis. Follow-up was available on 91 survivals with a mean duration of
110.8+56.4 (2~201) months. 5, 10 and 15 year survival rates were 86.5%, 85% and 85% and reoperation free
survival were 85%, 71.5%, 70%. Conclusion: Age under 3 months at repair, subpulmonic ventricular septal defect
and arterial switch operation were significant risk factors for early mortality. Patients with non-committed ventricular
septal defect and who underwent conduit interposition or REV operation were risk factors for reoperation. With careful
attention to chose best timing and surgical approach depending on morphologic characteristics, biventricular repair
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for double outlet right ventricle can be achieved with good long-term outcome.

(Korean J Thorac Cardiovasc Surg 2003;36:566-575)

Key words: 1. Congenital heart disease
2. Double outlet right ventricle
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Table 1. Types of VSD

Table 3. Previous palliative procedures

No. of patients Palliative procedure No.

Subaortic VSD with PS 43 PA to systemic shunts 23
without PS 15 Right MBTS 8

Noncommitted VSD 32 Left MBTS 14
Subpulmonic VSD 16 central shunt 1
Doubly committed VSD 6 PA banding 8
Atrial septectomy 1

Total 112 Balloon atrial septostomy 2
Left PA angioplasty 2

VSD=Ventricular septal defect; PS=Pulmonary stenosis.

Table 2. Associated anomalies

Anatomic feature No. of patients

Pulmonary stenosis and atresia 77
Patent foramen ovale or atrial septal defect 70
Bilateral SVC 25
LVOTO 13

Bicuspid pulmononary valve

Multiple ventricular septal defect

IVC intgerruption

Partial anomalous pulmonary venous return
Left pulmonary artery stenosis
Double-chambered right ventricle

Unroofed coronary sinus

(NSRS R S R S R e

LVOTO=Left ventricular outflow tract obstruction; IVC=In-
ferior vena cava; SVC=Superior vena cava.
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PA=Pulmonary artery; MBTS=Modified Blalock-Taussig shunt.
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Table 4. Types of operation based on the types of VSD
IBR ASO Senning Conduit REV Total No.
Subaorti with PS 38 0 0 3 2 43
WPAOTIE  without PS 15 0 0 0 0 15
Non-committed 9 3 2 10 8 32
Subpulmonic 3 11 1 0 1 16
Doubly committed 6 0 0 0 0 6
Total no. 71 14 3 13 11 112

PS=Pulmonary stenosis; IBR=Intraventricular baffle repair, ASO=Arterial switch operation; REV=Reéparation a létage ventriculairé;

No.=Numbers.

Table 5. Summary of hospital deaths

pt Age Type of VSD Type of procedure Cause of death

1 10 yr Non-committed (n=3) RV-PA conduit LCOS

2 3 mon ASO CPB weaning failure
3 2 mon IBR Pneumonia

4 4 yr Subaortic with PS (n=3) IBR LCOS

5 3 yr : IBR LCOS

6 10 mon IBR Sepsis

7 4 mon Subpulmonic (n=6) ASO LCOS

8 2 mon ASO Pulmonary hypertension
9 2 mon ASO Sepsis

10 4 mon ASO Sepsis

11 2 mon ASO CPB weaning failure
12 6 yr Senning LCOS

pt=Patient number; VSD=Ventricular septal defect; RV=Right ventricle; PA=Pulmonary artery; LCOS=Low cardiac output syndrome;
ASO=Arterial switch operation; CPB=Cardiopulmonary bypass; IBR=Intraventricular baffle repair; PS=Pulmonary stenosis.
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Table 6. Analysis of risk factors for early death

Risk factor Univaria'te Muhivar'iate
analysis analysis
Age at operation <3 months p=0.003 p=0.011
BSA at operation NS, p=0.176 NS
Multiple VSD NS *
RVOT obstruction NS *
LVOT obstruction NS *
Previous palliation NS *
CPB time p=0.015 NS
ACC time p=0.067 NS
Location of VSD; subpulmonic p=0.002 NS
Type of operation; ASO p<0.001 NS
Year of operation (<1994) NS, p=0.12 NS
Pulmonary artery angioplasty NS, p=0.119 NS

BSA=Body surface area; VSD=Ventricular septal defect; RVOT=
Right ventricular outflow tract; LVOT=Left ventricular outflow
tract; CPB=Cardiopulmonary bypass; ACC=Aortic cross clamp;
ASO=Arterial switch operation. *variables not included in the
multivariate analysis.
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Table 7. Casues of late death

Age at op. Operation Type of VSD Cause of death Time after op.
1 1.5 yr IBR Doubly-committed Sepsis following reoperation 325 yr
2 225 yr IBR Subaortic with PS Unknown 233 yr
3 3y REV Subaortic with PS Sepsis following reoperation 2 mo
4 4 months REV Non-committed Pacemaker failure 2.5 mo

OP.=Operation; VSD=Ventricular septal defect; IBR=Intraventricular baffle repair; REV=Réparation a létage ventriculairé; PS=

Pulmonary stenosis.

Table 8. Reoperations based on the types of VSD

Indication for reoperation

(Total no. of patients) NC (29) DC (6) SP (10) SAWPS (40) SAWOPS (15) No. (100)
RVOT obstruction 10 1 — 1 - 12
Pulmonary artery stenosis 2 - 1 4 - 7
LVOT onbstruction 3 - 1 1 — 5
Pulmonary regurgitation 1 - - 2 - 3
Baffle leakage 1 - - - 2 3
Residual VSD - - - 1 1 2
Infective endocarditis 1 - - - - 1
Mitral regurgitation 1 - - - 1
Total no. of procedures 19 1 9 3 34
No. of patients underwent reoperation 13 1 1 6 2 23
Probability of reoperation(%) 44.8 16.7 10 15 133 23

NC=Noncommitted; DC=Doubly committed; SP=Subpulmonary; SAWPS=Subaortic with pulmonary stenosis; SAWOPS=Subaortic without
pulmonary stenosis; No.=Numbers; RVOT=Right ventricular outflow tract; LVOT=Left ventricular outflow tract; VSD=Ventricular

septal defect.

No. of patients underwent reoperation

Probability of reoperation =
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Table 9. Reoperative procedures based on the types of operation

Indications for reoperation

(Total no. of patients) IBR (67) ASO (8) Senning (2) Conduit (12) REV (11)  No. (100)

—

— e DWW N

RVOT obstruction
Pulmonary artery stenosis
LVOT obstruction
Pulmonary regurgitation
Baffle leak

Residual VSD

Infective endocarditis
Mitral regurgitation

1
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Total procedures 2 9 9 34
No. of patients underwent reoperation 9 1 1 6 6 23
Probability of reoperation(%) 134 12.5 50 50 54.5 23

IBR=Intraventricular baffle repair, ASO=Arterial switch operation, REV=Réparation a letage ventriculairé; No.=Numbers;
RVOT=Right ventricular outflow tract; LVOT=Left ventricular outflow tract; VSD=Ventricular septal defect.

No. of patients underwent reoperation
No. of patients based on the type of surgery

Probability of reoperation =

Table 10. Analysis of risk factors for reoperation p=0.02), A< A HFHAEE(=0.024), 8| ZEY A4
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Types of operation REV p=0.017 NS o Kaplan-Meier] S o] &3ho] A2 51, 10 14 154
Conduit p=0.028 NS aplan-VCIer O, VR % DR
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Right ventricular outflow tract; LVOT=Left ventricular outflow

tract. *variables not included in the multi-variate analysis.
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