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Prise en chagre des malpositions 
vasculaires 

Le point de vue du cardiopédiatre 
 

Ventricule droit à double issu (VDDI) 



Cardiopathies congénitales humaines Fréquence Incidence 
Communication interventriculaire (CIV) 30% 1500 
Communication interauriculaire (CIA)  8% 400 
Sténose pulmonaire (SP)  7% 350 
Persistance du canal artériel (PCA)               7% 350 
Coarctation de l’aorte (CoA)                             6% 300 
Tétralogie de Fallot (T4F)                                  6% 300 
Transposition des gros vaisseaux (TGV)            5% 250 
Sténose aortique (SA)                                       5% 250 
Canal atrioventriculaire (CAV)                          4% 200 
Atrésie pulmonaire à septum intact (APSI) 2% 100 
Atrésie pulmonaire à septum ouvert (APSO)                   2% 100 
Atrésie tricuspide (AT)                                     2% 100 
Tronc artériel commun (TAC)                              2% 100 
Retour veineux pulmonaire anormal (RVPA)        2% 100 
Malpositions vasculaires (MV)           1% 50 
Interruption de l’arc aortique (IAA)                     1% 50 
Ventricule unique (VU)                                     1% 50 
Anomalie d’Ebstein                                    1% 50 
Discordances AV et VA 1% 50 
Autres                                                          6% 300 



VDDI : définition 
•  Règle des 50%... 
•  « Septum conal au-

dessus du VD »... 
•  Discontinuité mitro-Ao 

ou mitro-AP….. 

Une seule définition : 
VDDI = 2 gros vaisseaux au-dessus du VD 

Courtesy L.Houyel 



Rappel embryologique 
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Embryologie : Interaction crête neurale / 
Aire cardiaque antérieure 
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VDDI précoces (ne sont pas des cardiopathies conotroncales) 
- Anomalie au stade de « early looping » ou avant  
  « cœur primitif »  
- le VDDI est alors « obligatoire » 
- Anomalies au niveau du conotroncus mais aussi des ventricules et 
   des valves AV 
- Le septum conal est intact 
- La CIV sera péri-membraneuse, dans l’inlet ou musculaire 

VDDI tardifs (sont des cardiopathies conotroncales) 
- anomalies de convergence et de rotation, entraînant un 
  malalignement entre le septum conal et le reste du septum 
- Discontinuité mitro-aortique (rotation normale) ou  
- Discontinuité mitro-pulmonaire (rotation inversée, comme dans 
   les TGV) 
- La CIV est toujours conoventriculaire 

Le VDDI résulte d’un arrêt dans  
le développement cardiaque normal  



	
   	
  	
  
	
   	
  	
  
	
   	
  	
  

Anomalie de formation du septum 
conal 

CIV de l’outlet 

•  Y de la bande septale = Zone de fusion 
entre le septum conal et le septum 
interventriculaire primitif 

•  Pas de fusion à ce niveau: hypoplasie ou 
malalignement du septum conal  
         

•  CIV de l’outlet 
•  (cardiopathies conotruncales) 
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Vue du ventricule gauche 
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Présentation clinique 

Génétique 



Anomalies chromosomiques et cardiopathies  
fœtales : 548 cardiopathies-18.5% 

•  Canaux atrioventriculaires   32/68   47% 
–  28 T21; 3 T18; 1 XXX 

•  Anomalies conotruncales   23/91   25% 
–  20 del22q11; 1 T21; 2 anomalies de structure 

•  VDDI      7/38   18% 
•  Communications interventriculaire  12/74   16% 

–  9 trisomies, 2 del22q11, 1 del5 

•  Obstacles gauche à SIV intact   12/130  9.2% 
–  6 XO; 3 T18; 3 anomalies de structure 

•  VU et atrésie tricuspide    2/24   8% 
–  2 T18 

•  Transposition des gros vaisseaux  0   0% 
•  Obstacles droits à SIV intact   0   0% 
 

Série de Necker 



Syndrome de Di George 
-  cardiopathies conotruncales 
-  anomalie des arcs, aorte à droite 
-  microdélétion du chromosome 22q1.1 
-  Gène Tbx1 

CIV  T4F  APSO  TAC  MV 
 

IAA  AVP  



Association CHARGE 
•  Colobome 
•  Heart defect 
•  Atrésie des choanes 
•  Retard de développement 
•  Génitales anomalies 
•  Ear anomalies 

–  Agénésie des canaux semi-circulaires 
–  Hypoplasie des lobes olfactifs 

Gène CHD7 : 70 % 



Trisomie 18 

Dysplasie polyvalvulaire 
CIV, CIA, PCA, CAV 
T4F 
Cardiopathie obstructive gauche 
Malposition vasculaire 
Ventricule unique 

Trisomie 13 

CIV  PCA 
Malposition vasculaire 
CAV 
Dysplasie polyvalvulaire 



Présentation clinique 

Pathophysiologie 



VDDI, une malformation hétérogène… 

Lev M et al J Thorac Cardiovasc Surg 1972 
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–  VDDI type CIV + discontinuité mitro-aortique 

•  Rose, symptômes d’hyperdébit 

–  VDDI type Fallot (CIV sousaortique) 
•  Cyanose progressive, malaise possible 

–  VDDI type TGV + CIV (CIV souspulmonaire) 
•  Cyanose, nécessité d’un Rashkind? 
 

–  VDDI type TGV + CIV + sténose pulmonaire 
•  Cyanose, Rashkind pour pouvoir attendre de réparer 

Types de VDDI en fonction de la physiologie:  



Anomalies associées 

•  Sténose sous-pulmonaire 
•  Sténose sous-aortique 
•  Cleft ou fente mitrale 
•  Straddling (mitral, tricuspide, les 2) 
•  hétérotaxie: VDDI-CAVc 



Objectif de l’imagerie  
•  Comprendre l’anatomie du VDDI 
•  Décrire toutes les lésions anatomiques de 

la position de la CIV jusqu’aux anomalies 
associées 

•  Décider d’une stratégie thérapeutique 
adaptée à l’anatomie 

En pratique: Comment faut-il réparer 
le cœur ? 



Que veut savoir le chirurgien? 

       Réparation uni- ou biventriculaire ? 
– Hypoplasie d’un des ventricules 
–  CIV multiples non accessibles ou 

partiellement accessibles 
–  Anomalies des insertions des valves 

atrioventriculaires à travers la CIV p.ex. 
straddling ou insertion complexe 

FONTAN Intraventricular baffle repair 
+/- Switch operation 



 Relation de la CIV avec les gros vaisseaux: 
–   Sous-aortique   
–   Sous-pulmonaire   
–   Doubly-committed   
–   Non committed 
 
En pratique: Comment créer un tunnel VG vers la 
valve sigmoïde la plus proche sans obstacle sous-
aortique ? 

Que veut savoir le chirurgien? 



•  Eléments clés du tunnel VG-aorte: 
–  Distance entre la valve tricuspide et la valve 

pulmonaire pour faire passer le tunnel sans obstacle 
–  Nécessité d’élargissement de la CIV (diamètre CIV = 

aorte) 

•  Etat de la voie pulmonaire: valve normale, sténose ou 
atrésie… 

 Est-ce qu’elle peut être utilisée  
 en position pulmonaire  [patch infundibulaire]  
 ou en aortique   [Switch]  
 ou faut-il la reconstruire  [REV, Nikaidoh, Rastelli…]? 

Que veut savoir le chirurgien? 



Modalités d’imagerie 

Echographie 2 D 
Scanner/IRM cardiaque 

Imagerie 3D 

Printing 3 D 

La base d’aujourd’hui Le complément d’imagerie L’ avenir ? 



Imagerie  en coupe Scanner/IRM  

•  Intérêt du scanner en préopératoire  
–  Coronaires (rotation troncale/ Bex Nikaidoh) 
–  Artères pulmonaires 
–  Collatérales aorto-pulmonaires 
–  retours veineux systémiques et pulmonaires 

•  Intérêt de l’IRM: 
–  Taille des ventricules 
–  Evaluation fonctionnelle  

  



VDDI + CIV sous-aortique 

AO 

VD 
VG 

AP 



VDDI + CIV sous-pulmonaire 



VDDI + CIV souspulm 



VDDI + CIV non committed 



VG 

VD 

AP 

VDDI + CIV non committed 



VDDI + CIV non committed 



Imagérie 3D scanner 



Devenir après réparation 



Complications à long terme 

•  Sténose sous-aortique (tunnel VG-
aorte) 

•  Réfection voie droite (sténose, fuite 
avec dilatation VD, changement de 
tube ..) 

•  Complications coronaires (switch) 
•  Dysfonctionnement des valves 

atrioventriculaires 



•  Early outcome (< 30 days): 
–  Mortality:     7,4% 
–  Reoperation (cardiac indications):  6% 
 

10 years : 38,2% 

10 years : 86,2% 

n = 433 

Impact of anatomic characteristics and initial biventricular
surgical strategy on outcomes in various forms of
double-outlet right ventricle

Olivier Villemain, MD,a Emre Belli, MD,b Magalie Ladouceur, MD,a Lucile Houyel, MD,b

Zakaria Jalal, MD,a Virginie Lambert, MD, PhD,c Mohamed Ly, MD,b Pascal Vouh!e, MD, PhD,a and
Damien Bonnet, MD, PhDa

ABSTRACT

Objectives: Surgical management of various forms of double-outlet right
ventricle uses a variety of approaches depending on the underlying anatomic
form. In this study, we sought to determine the risk factors of mortality and
reoperation in those with double-outlet right ventricle undergoing biventricular
repair, according to anatomic characteristics and initial surgical strategy.

Methods: Between 1992 and 2013, 433 patients were included in the study.
Double-outlet right ventricle was classified as double-outlet right ventricle with
subaortic ventricular septal defect associated with subpulmonary obstruction in
33% of patients (n ¼ 141), with subaortic ventricular septal defect without
subpulmonary obstruction in 30% of patients (n ¼ 130), with subpulmonary
ventricular septal defect in 32% of patients (n ¼ 139), and with noncommitted
ventricular septal defect in 5% of patients (n ¼ 23). Three types of repairs
were performed: (1) intraventricular baffle repair, n ¼ 149 (34%); (2) intraven-
tricular baffle repair with right ventricular outflow tract reconstruction, n ¼ 163
(38%); and (3) intraventricular baffle repair with arterial switch operation,
n ¼ 121 (28%).

Results: Thirty-day overall mortality was 7.4%. Early reoperation was needed in
6% of the cases. Early mortality was higher in the intraventricular baffle repair
with arterial switch operation group (P ¼ .01). Survival at 10 years was 86.2%,
and freedom from reoperation at 10 years was 61.4%. At last follow-up (median,
5.7 years; 95% confidence interval, 4.5-6.6), mortality and reoperation rates were
similar in the different surgical strategy groups. Late reoperation and late
mortality were significantly higher in the double-outlet right ventricle with
noncommitted ventricular septal defect group (P<.01). In multivariate analyses,
risk factors for reoperation were concomitant surgical procedures (P ¼ .03) and
duration of cardiopulmonary bypass (P< .01). Risk factors for mortality were
restrictive ventricular septal defect (P¼ .01), mitral cleft (P<.01), and associated
coronary artery anomalies (P ¼ .01).

Conclusions: Those with the anatomic type of double-outlet right ventricle with
noncommitted ventricular septal defect were at higher risk for reoperation and
mortality. Intraventricular baffle repair with arterial switch operation was
the surgical strategy in patients at higher risk of early death. Initial surgical
strategy did not influence the late outcomes. (J Thorac Cardiovasc Surg
2016;152:698-706)

Freedom from reoperation according to surgical
strategy.

Central Message

The initial surgical strategy did not influence
late outcomes of DORV with biventricular
repair.

Perspective

The outcomes of DORV with biventricular
repair remain unclear. Between 1992 and
2013, 433 consecutive patients were retrospec-
tively included. Early mortality was higher in
the IVR-ASO group. Late mortality and late re-
operation rates were similar in the different bi-
ventricular surgical strategy groups, but were
significantly higher in DORV with ncVSD.
Multiple risk factors have been identified.
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mitral cleft (OR, 3.5; 95%CI, 1.6-5.6;P<.01), and coronary
artery anomalies (OR, 2.9; 95% CI, 1.5-3.9; P ¼ .01).
Late reoperation. A total of 97 patients underwent 136
reoperations at a median of 3.1 years after repair (95%
CI, 0.1-13) (Tables 6 and 7). A total of 71 patients
underwent only 1 reoperation, 16 patients underwent 2
reoperations, 8 patients underwent 3 reoperations, 1 patient
underwent 4 reoperations, and 1 patient underwent 5
reoperations. Freedom from reoperation was not different
according to anatomic group or surgical strategy. Factors
associated with late reoperation for each surgical strategy
in univariate analysis are shown in Table E5. In multivariate
analysis, risk factors for late reoperation were IVR:
restrictive VSD (P ¼ .04) and subaortic obstruction
(P ¼ .04); IVR-RVOT reconstruction: duration of CPB

(P<.01); and IVR-ASO: subaortic obstruction (P ¼ .03),
concomitant procedure (P< .01), and days of intubation
(P<.01).

In the overall analysis, risk factors associated with
reoperation in univariate analysis are shown in Table E3.
In multivariate analysis (Table E4), including IPCC
classification, surgical strategy, concomitant surgical
procedure, and duration of CPB, concomitant surgical
procedure (OR, 1.6; 95% CI, 1-2.5; P ¼ .03) and duration
of CPB (OR, 1.004; 95%CI, 1.004-1.009; P<.01) were the
2 factors associated with late reoperations.

DISCUSSION
We report a large series of patients with DORV who

underwent biventricular repair over a period of 21 years

FIGURE 1. Outcomes according to anatomic type of DORV. A, Survival

according to anatomic type of DORV. B, Freedom from reoperation

according to anatomic type of DORV. CI, Confidence interval; VSD,

ventricular septal defect.

FIGURE 2. Outcomes according to surgical strategy. A, Survival according

to surgical strategy. B, Freedom from reoperation according to surgical strat-

egy.CI, Confidence interval; IVR, intraventricular baffle repair;ASO, arterial

switch operation; RVOT, right ventricular outflow tract.
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ABSTRACT

Objectives: Surgical management of various forms of double-outlet right
ventricle uses a variety of approaches depending on the underlying anatomic
form. In this study, we sought to determine the risk factors of mortality and
reoperation in those with double-outlet right ventricle undergoing biventricular
repair, according to anatomic characteristics and initial surgical strategy.

Methods: Between 1992 and 2013, 433 patients were included in the study.
Double-outlet right ventricle was classified as double-outlet right ventricle with
subaortic ventricular septal defect associated with subpulmonary obstruction in
33% of patients (n ¼ 141), with subaortic ventricular septal defect without
subpulmonary obstruction in 30% of patients (n ¼ 130), with subpulmonary
ventricular septal defect in 32% of patients (n ¼ 139), and with noncommitted
ventricular septal defect in 5% of patients (n ¼ 23). Three types of repairs
were performed: (1) intraventricular baffle repair, n ¼ 149 (34%); (2) intraven-
tricular baffle repair with right ventricular outflow tract reconstruction, n ¼ 163
(38%); and (3) intraventricular baffle repair with arterial switch operation,
n ¼ 121 (28%).

Results: Thirty-day overall mortality was 7.4%. Early reoperation was needed in
6% of the cases. Early mortality was higher in the intraventricular baffle repair
with arterial switch operation group (P ¼ .01). Survival at 10 years was 86.2%,
and freedom from reoperation at 10 years was 61.4%. At last follow-up (median,
5.7 years; 95% confidence interval, 4.5-6.6), mortality and reoperation rates were
similar in the different surgical strategy groups. Late reoperation and late
mortality were significantly higher in the double-outlet right ventricle with
noncommitted ventricular septal defect group (P<.01). In multivariate analyses,
risk factors for reoperation were concomitant surgical procedures (P ¼ .03) and
duration of cardiopulmonary bypass (P< .01). Risk factors for mortality were
restrictive ventricular septal defect (P¼ .01), mitral cleft (P<.01), and associated
coronary artery anomalies (P ¼ .01).

Conclusions: Those with the anatomic type of double-outlet right ventricle with
noncommitted ventricular septal defect were at higher risk for reoperation and
mortality. Intraventricular baffle repair with arterial switch operation was
the surgical strategy in patients at higher risk of early death. Initial surgical
strategy did not influence the late outcomes. (J Thorac Cardiovasc Surg
2016;152:698-706)

Freedom from reoperation according to surgical
strategy.
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The initial surgical strategy did not influence
late outcomes of DORV with biventricular
repair.

Perspective

The outcomes of DORV with biventricular
repair remain unclear. Between 1992 and
2013, 433 consecutive patients were retrospec-
tively included. Early mortality was higher in
the IVR-ASO group. Late mortality and late re-
operation rates were similar in the different bi-
ventricular surgical strategy groups, but were
significantly higher in DORV with ncVSD.
Multiple risk factors have been identified.
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Cardiologie P!ediatrique, 149 rue de S"evres, 75015 Paris Cedex, France (E-mail:
olivier.villemain@inserm.fr).

0022-5223/$36.00
Copyright ! 2016 by The American Association for Thoracic Surgery
http://dx.doi.org/10.1016/j.jtcvs.2016.05.019

698 The Journal of Thoracic and Cardiovascular Surgery c September 2016

C
O
N
G

CONGENITAL: DOUBLE-OUTLET RIGHT VENTRICLE

Non committed VSD Type 



mitral cleft (OR, 3.5; 95%CI, 1.6-5.6;P<.01), and coronary
artery anomalies (OR, 2.9; 95% CI, 1.5-3.9; P ¼ .01).
Late reoperation. A total of 97 patients underwent 136
reoperations at a median of 3.1 years after repair (95%
CI, 0.1-13) (Tables 6 and 7). A total of 71 patients
underwent only 1 reoperation, 16 patients underwent 2
reoperations, 8 patients underwent 3 reoperations, 1 patient
underwent 4 reoperations, and 1 patient underwent 5
reoperations. Freedom from reoperation was not different
according to anatomic group or surgical strategy. Factors
associated with late reoperation for each surgical strategy
in univariate analysis are shown in Table E5. In multivariate
analysis, risk factors for late reoperation were IVR:
restrictive VSD (P ¼ .04) and subaortic obstruction
(P ¼ .04); IVR-RVOT reconstruction: duration of CPB

(P<.01); and IVR-ASO: subaortic obstruction (P ¼ .03),
concomitant procedure (P< .01), and days of intubation
(P<.01).

In the overall analysis, risk factors associated with
reoperation in univariate analysis are shown in Table E3.
In multivariate analysis (Table E4), including IPCC
classification, surgical strategy, concomitant surgical
procedure, and duration of CPB, concomitant surgical
procedure (OR, 1.6; 95% CI, 1-2.5; P ¼ .03) and duration
of CPB (OR, 1.004; 95%CI, 1.004-1.009; P<.01) were the
2 factors associated with late reoperations.

DISCUSSION
We report a large series of patients with DORV who

underwent biventricular repair over a period of 21 years

FIGURE 1. Outcomes according to anatomic type of DORV. A, Survival

according to anatomic type of DORV. B, Freedom from reoperation

according to anatomic type of DORV. CI, Confidence interval; VSD,

ventricular septal defect.

FIGURE 2. Outcomes according to surgical strategy. A, Survival according

to surgical strategy. B, Freedom from reoperation according to surgical strat-

egy.CI, Confidence interval; IVR, intraventricular baffle repair;ASO, arterial

switch operation; RVOT, right ventricular outflow tract.
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ABSTRACT

Objectives: Surgical management of various forms of double-outlet right
ventricle uses a variety of approaches depending on the underlying anatomic
form. In this study, we sought to determine the risk factors of mortality and
reoperation in those with double-outlet right ventricle undergoing biventricular
repair, according to anatomic characteristics and initial surgical strategy.

Methods: Between 1992 and 2013, 433 patients were included in the study.
Double-outlet right ventricle was classified as double-outlet right ventricle with
subaortic ventricular septal defect associated with subpulmonary obstruction in
33% of patients (n ¼ 141), with subaortic ventricular septal defect without
subpulmonary obstruction in 30% of patients (n ¼ 130), with subpulmonary
ventricular septal defect in 32% of patients (n ¼ 139), and with noncommitted
ventricular septal defect in 5% of patients (n ¼ 23). Three types of repairs
were performed: (1) intraventricular baffle repair, n ¼ 149 (34%); (2) intraven-
tricular baffle repair with right ventricular outflow tract reconstruction, n ¼ 163
(38%); and (3) intraventricular baffle repair with arterial switch operation,
n ¼ 121 (28%).

Results: Thirty-day overall mortality was 7.4%. Early reoperation was needed in
6% of the cases. Early mortality was higher in the intraventricular baffle repair
with arterial switch operation group (P ¼ .01). Survival at 10 years was 86.2%,
and freedom from reoperation at 10 years was 61.4%. At last follow-up (median,
5.7 years; 95% confidence interval, 4.5-6.6), mortality and reoperation rates were
similar in the different surgical strategy groups. Late reoperation and late
mortality were significantly higher in the double-outlet right ventricle with
noncommitted ventricular septal defect group (P<.01). In multivariate analyses,
risk factors for reoperation were concomitant surgical procedures (P ¼ .03) and
duration of cardiopulmonary bypass (P< .01). Risk factors for mortality were
restrictive ventricular septal defect (P¼ .01), mitral cleft (P<.01), and associated
coronary artery anomalies (P ¼ .01).

Conclusions: Those with the anatomic type of double-outlet right ventricle with
noncommitted ventricular septal defect were at higher risk for reoperation and
mortality. Intraventricular baffle repair with arterial switch operation was
the surgical strategy in patients at higher risk of early death. Initial surgical
strategy did not influence the late outcomes. (J Thorac Cardiovasc Surg
2016;152:698-706)

Freedom from reoperation according to surgical
strategy.

Central Message

The initial surgical strategy did not influence
late outcomes of DORV with biventricular
repair.

Perspective

The outcomes of DORV with biventricular
repair remain unclear. Between 1992 and
2013, 433 consecutive patients were retrospec-
tively included. Early mortality was higher in
the IVR-ASO group. Late mortality and late re-
operation rates were similar in the different bi-
ventricular surgical strategy groups, but were
significantly higher in DORV with ncVSD.
Multiple risk factors have been identified.
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mitral cleft (OR, 3.5; 95%CI, 1.6-5.6;P<.01), and coronary
artery anomalies (OR, 2.9; 95% CI, 1.5-3.9; P ¼ .01).
Late reoperation. A total of 97 patients underwent 136
reoperations at a median of 3.1 years after repair (95%
CI, 0.1-13) (Tables 6 and 7). A total of 71 patients
underwent only 1 reoperation, 16 patients underwent 2
reoperations, 8 patients underwent 3 reoperations, 1 patient
underwent 4 reoperations, and 1 patient underwent 5
reoperations. Freedom from reoperation was not different
according to anatomic group or surgical strategy. Factors
associated with late reoperation for each surgical strategy
in univariate analysis are shown in Table E5. In multivariate
analysis, risk factors for late reoperation were IVR:
restrictive VSD (P ¼ .04) and subaortic obstruction
(P ¼ .04); IVR-RVOT reconstruction: duration of CPB

(P<.01); and IVR-ASO: subaortic obstruction (P ¼ .03),
concomitant procedure (P< .01), and days of intubation
(P<.01).

In the overall analysis, risk factors associated with
reoperation in univariate analysis are shown in Table E3.
In multivariate analysis (Table E4), including IPCC
classification, surgical strategy, concomitant surgical
procedure, and duration of CPB, concomitant surgical
procedure (OR, 1.6; 95% CI, 1-2.5; P ¼ .03) and duration
of CPB (OR, 1.004; 95%CI, 1.004-1.009; P<.01) were the
2 factors associated with late reoperations.

DISCUSSION
We report a large series of patients with DORV who

underwent biventricular repair over a period of 21 years

FIGURE 1. Outcomes according to anatomic type of DORV. A, Survival

according to anatomic type of DORV. B, Freedom from reoperation

according to anatomic type of DORV. CI, Confidence interval; VSD,

ventricular septal defect.

FIGURE 2. Outcomes according to surgical strategy. A, Survival according

to surgical strategy. B, Freedom from reoperation according to surgical strat-

egy.CI, Confidence interval; IVR, intraventricular baffle repair;ASO, arterial

switch operation; RVOT, right ventricular outflow tract.
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ABSTRACT

Objectives: Surgical management of various forms of double-outlet right
ventricle uses a variety of approaches depending on the underlying anatomic
form. In this study, we sought to determine the risk factors of mortality and
reoperation in those with double-outlet right ventricle undergoing biventricular
repair, according to anatomic characteristics and initial surgical strategy.

Methods: Between 1992 and 2013, 433 patients were included in the study.
Double-outlet right ventricle was classified as double-outlet right ventricle with
subaortic ventricular septal defect associated with subpulmonary obstruction in
33% of patients (n ¼ 141), with subaortic ventricular septal defect without
subpulmonary obstruction in 30% of patients (n ¼ 130), with subpulmonary
ventricular septal defect in 32% of patients (n ¼ 139), and with noncommitted
ventricular septal defect in 5% of patients (n ¼ 23). Three types of repairs
were performed: (1) intraventricular baffle repair, n ¼ 149 (34%); (2) intraven-
tricular baffle repair with right ventricular outflow tract reconstruction, n ¼ 163
(38%); and (3) intraventricular baffle repair with arterial switch operation,
n ¼ 121 (28%).

Results: Thirty-day overall mortality was 7.4%. Early reoperation was needed in
6% of the cases. Early mortality was higher in the intraventricular baffle repair
with arterial switch operation group (P ¼ .01). Survival at 10 years was 86.2%,
and freedom from reoperation at 10 years was 61.4%. At last follow-up (median,
5.7 years; 95% confidence interval, 4.5-6.6), mortality and reoperation rates were
similar in the different surgical strategy groups. Late reoperation and late
mortality were significantly higher in the double-outlet right ventricle with
noncommitted ventricular septal defect group (P<.01). In multivariate analyses,
risk factors for reoperation were concomitant surgical procedures (P ¼ .03) and
duration of cardiopulmonary bypass (P< .01). Risk factors for mortality were
restrictive ventricular septal defect (P¼ .01), mitral cleft (P<.01), and associated
coronary artery anomalies (P ¼ .01).

Conclusions: Those with the anatomic type of double-outlet right ventricle with
noncommitted ventricular septal defect were at higher risk for reoperation and
mortality. Intraventricular baffle repair with arterial switch operation was
the surgical strategy in patients at higher risk of early death. Initial surgical
strategy did not influence the late outcomes. (J Thorac Cardiovasc Surg
2016;152:698-706)

Freedom from reoperation according to surgical
strategy.

Central Message

The initial surgical strategy did not influence
late outcomes of DORV with biventricular
repair.

Perspective

The outcomes of DORV with biventricular
repair remain unclear. Between 1992 and
2013, 433 consecutive patients were retrospec-
tively included. Early mortality was higher in
the IVR-ASO group. Late mortality and late re-
operation rates were similar in the different bi-
ventricular surgical strategy groups, but were
significantly higher in DORV with ncVSD.
Multiple risk factors have been identified.

See Editorial Commentary page 707.

From the aM3C-Necker Enfants Malades, AP-HP, Universit!e Paris Descartes,
Sorbonne Paris Cit!e, Paris, France; bCentre Chirurgical Marie Lannelongue,
M3C, Universit!e Paris Sud, Le Plessis Robinson, France; and cPediatric Depart-
ment, University Hospital of Bicetre, le Kremlin Bicetre, France.

Received for publication Dec 12, 2015; revisions received April 26, 2016; accepted
for publication May 9, 2016; available ahead of print June 24, 2016.

Address for reprints: Olivier Villemain, MD, Hôpital Necker Enfants Malades,
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mitral cleft (OR, 3.5; 95%CI, 1.6-5.6;P<.01), and coronary
artery anomalies (OR, 2.9; 95% CI, 1.5-3.9; P ¼ .01).
Late reoperation. A total of 97 patients underwent 136
reoperations at a median of 3.1 years after repair (95%
CI, 0.1-13) (Tables 6 and 7). A total of 71 patients
underwent only 1 reoperation, 16 patients underwent 2
reoperations, 8 patients underwent 3 reoperations, 1 patient
underwent 4 reoperations, and 1 patient underwent 5
reoperations. Freedom from reoperation was not different
according to anatomic group or surgical strategy. Factors
associated with late reoperation for each surgical strategy
in univariate analysis are shown in Table E5. In multivariate
analysis, risk factors for late reoperation were IVR:
restrictive VSD (P ¼ .04) and subaortic obstruction
(P ¼ .04); IVR-RVOT reconstruction: duration of CPB

(P<.01); and IVR-ASO: subaortic obstruction (P ¼ .03),
concomitant procedure (P< .01), and days of intubation
(P<.01).

In the overall analysis, risk factors associated with
reoperation in univariate analysis are shown in Table E3.
In multivariate analysis (Table E4), including IPCC
classification, surgical strategy, concomitant surgical
procedure, and duration of CPB, concomitant surgical
procedure (OR, 1.6; 95% CI, 1-2.5; P ¼ .03) and duration
of CPB (OR, 1.004; 95%CI, 1.004-1.009; P<.01) were the
2 factors associated with late reoperations.

DISCUSSION
We report a large series of patients with DORV who

underwent biventricular repair over a period of 21 years
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ABSTRACT

Objectives: Surgical management of various forms of double-outlet right
ventricle uses a variety of approaches depending on the underlying anatomic
form. In this study, we sought to determine the risk factors of mortality and
reoperation in those with double-outlet right ventricle undergoing biventricular
repair, according to anatomic characteristics and initial surgical strategy.
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subaortic ventricular septal defect associated with subpulmonary obstruction in
33% of patients (n ¼ 141), with subaortic ventricular septal defect without
subpulmonary obstruction in 30% of patients (n ¼ 130), with subpulmonary
ventricular septal defect in 32% of patients (n ¼ 139), and with noncommitted
ventricular septal defect in 5% of patients (n ¼ 23). Three types of repairs
were performed: (1) intraventricular baffle repair, n ¼ 149 (34%); (2) intraven-
tricular baffle repair with right ventricular outflow tract reconstruction, n ¼ 163
(38%); and (3) intraventricular baffle repair with arterial switch operation,
n ¼ 121 (28%).

Results: Thirty-day overall mortality was 7.4%. Early reoperation was needed in
6% of the cases. Early mortality was higher in the intraventricular baffle repair
with arterial switch operation group (P ¼ .01). Survival at 10 years was 86.2%,
and freedom from reoperation at 10 years was 61.4%. At last follow-up (median,
5.7 years; 95% confidence interval, 4.5-6.6), mortality and reoperation rates were
similar in the different surgical strategy groups. Late reoperation and late
mortality were significantly higher in the double-outlet right ventricle with
noncommitted ventricular septal defect group (P<.01). In multivariate analyses,
risk factors for reoperation were concomitant surgical procedures (P ¼ .03) and
duration of cardiopulmonary bypass (P< .01). Risk factors for mortality were
restrictive ventricular septal defect (P¼ .01), mitral cleft (P<.01), and associated
coronary artery anomalies (P ¼ .01).

Conclusions: Those with the anatomic type of double-outlet right ventricle with
noncommitted ventricular septal defect were at higher risk for reoperation and
mortality. Intraventricular baffle repair with arterial switch operation was
the surgical strategy in patients at higher risk of early death. Initial surgical
strategy did not influence the late outcomes. (J Thorac Cardiovasc Surg
2016;152:698-706)

Freedom from reoperation according to surgical
strategy.

Central Message

The initial surgical strategy did not influence
late outcomes of DORV with biventricular
repair.

Perspective

The outcomes of DORV with biventricular
repair remain unclear. Between 1992 and
2013, 433 consecutive patients were retrospec-
tively included. Early mortality was higher in
the IVR-ASO group. Late mortality and late re-
operation rates were similar in the different bi-
ventricular surgical strategy groups, but were
significantly higher in DORV with ncVSD.
Multiple risk factors have been identified.
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DISCUSSION
The classification of the conotruncal anomalies

under the term of DORV according to the location of
the VSD had been commonly accepted and used in
clinical practice. Despite the relative precision
regarding subaortic, subpulmonary, and doubly
committed location of the VSD, confusion still exists
to define the “noncommitted” location of the VSD,
the latter being often accorded to the subjective
impression of the investigator and the surgeon.5,7 In
the past, we analyzed a series of patients presenting
with DORV and proposed a definition according to
the length of the subarterial conus, compared the
indexed diameter of the aortic valve annulus.6 This
definition had the weakness of not being related to
the specific elements of the infundibular anatomy. In
the present study, in light of our recent work on the
anatomical classification/definition of the VSD, we
reviewed the investigations and reports to establish

the selection criteria according to the specific anat-
omy of the VSD and its relation to the outlet of the
RV and the septal band.8 Thus, many patients were
excluded from the study despite their VSD being at a
notable distance to the aorta and the PA but still
between the 2 limbs of the septal band. Using
this anatomical criterion reduces the proportion of
the patients with NCDORV in our total cohort of
DORV10 but has the advantage to define a more
precise and more challenging subgroup with regard
to the ambition for anatomical repair.
The study group consisted in 36 consecutive

patients presenting with 2 ventricles appropriately
sized for anatomical repair. Anatomical repair was
performed only in 24 and was abandoned in 12,
sometimes intraoperatively. The conventional ana-
tomical data did unfortunately not allow determin-
ing the feasibility of the anatomical repair in this
subgroup of patients: this is often unpredictable and

Figure 2. Overall survival (A) and freedom of reoperation (B) according to surgical strategy. (Color version of
figure is available online.)
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Double-Outlet Right Ventricle With
Noncommitted Ventricular Septal Defect and
2 Adequate Ventricles: Is Anatomical Repair
Advantageous?
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Magalie Ladouceur, MD,* Virginie Lambert, MD,† Zakaria Jalal, MD, PhD,* Pascal Vouhé, MD, PhD,*

and Emre Belli, MD‡

The management of double-outlet right ventricle associated with anatomically
noncommitted ventricular septal defect constitutes a surgical challenge. The
limits for, and the specific outcomes after anatomical vs univentricular repair
still remain to be established. Between 1993 and 2011, 36 consecutive
patients presenting with double-outlet right ventricle or noncommitted
ventricular septal defect (21 inlet, 10muscular, and 5 central perimembranous)
and 2 adequately sized ventricles underwent surgical repair at 2 centers. Right
ventricular outflow tract obstruction was present in 18 of 36 patients (50%). A
total of 21 patients had undergone previous palliative procedures. Anatomical
repair (group I) by means of intraventricular baffle construction was performed
in 24 (associated right ventricular outflow tract reconstruction in 12 and arterial
switch in 5) at a median age of 10.5 months. Ventricular septal defect was
surgically enlarged in 12 (50%) patients. The remaining 12 patients underwent
univentricular repair (group II). There were 4 hospital deaths (11%), all in group
I (P¼ 0.30 vs group II). A total of 8 of 20 patients in group I survivors underwent
13 reoperations after a median delay of 24 months: subaortic stenosis was the
main cause for reoperation in 6 of 8 patients. There was 1 late death in group I
and 2 late deaths in group II. The median follow-up was 5.6 years (95% CI:
0.2-9.8). The 10- year actuarial survival rate and freedom from reoperation
were 74.7! 5% and 58! 5% in group I and 71! 7% and 70! 7% in group
II, respectively. At the last visit, all survivors were in New York Heart
Association class I-II. Univariate analysis showed that atrioventricular septal
defect and isolatedmitral cleft were associated with death (P¼ 0.04) and need
for reoperation (P ¼ 0.038). In conclusion, anatomical repair, associated with
substantial rates of mortality and need for reoperation, should be considered
with caution. Associated atrioventricular septal defect and isolated mitral cleft
were the only risk factors for mortality and reoperation.
Semin Thoracic Surg 28:69–78 I 2016 Elsevier Inc. All rights reserved.

Keywords: Heart defects, Congenital, Surgery, Double Outlet Right Ventricle

INTRODUCTION
The term double-outlet right ventricle (DORV) is a type of

ventriculo-arterial connection (or alignment) of the great
arteries in which both great arteries arise entirely or predom-
inantly from the right ventricle (RV).1,2 The classification
according to the location of the ventricular septal defect
(VSD) introduced by Lev and Bharati contributed signifi-
cantly to the understanding of this malformation and
helped the evolution of management strategies.3 The term
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Central Message

Anatomical repair, associated with substantial
rates of mortality and need for reoperation,
should be considered with caution.

Perspective Statement

The surgical management of DORV with
NCVSD constitutes a challenge. Between
1993 and 2011, 36 consecutive patients pre-
senting with DORV or NCVSD and 2 ade-
quately sized ventricles underwent surgical
repair at 2 centers. Anatomical repair in DORV
with NCVSD should be considered with cau-
tion. Associated AVSD or isolated mitral cleft
or both were the only risk factors for mortality
and reoperation.

See Editorial Commentary pages 79–80.
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The surgical management of DORV with
NCVSD constitutes a challenge. Between
1993 and 2011, 36 consecutive patients pre-
senting with DORV or NCVSD and 2 ade-
quately sized ventricles underwent surgical
repair at 2 centers. Anatomical repair in DORV
with NCVSD should be considered with cau-
tion. Associated AVSD or isolated mitral cleft
or both were the only risk factors for mortality
and reoperation.

See Editorial Commentary pages 79–80.
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ORIGINAL SUBMISSION



•  Les VDDI imposent 
 

–  Une bonne vision dans l’espace 
–  Une analyse génétique 
–  Une analyse anatomo-échographique 
–  Une analyse anatomo-physiologique 
–  Une discussion médico-chirurgicale 
–  Un bon suivi 

Conclusion 


