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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 anatomique difficile

Une seule définition :

VDDI = 2 gros vaisseaux au-dessus du VD

• Règle des 50%...

• « Septum conal au-dessus 
du VD »...

• Discontinuité mitro-Ao ou 
mitro-AP…..

Mahle et al. City 2008



Rappel rapide
Embryologie et anatomie 
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Interaction crête neurale / Aire cardiaque antérieure

Défaut de migration des cellules de la crête neurale

Défaut d’adjonction de myocarde
par l ’aire cardiaque antérieure

Défaut d’élongation de la voie d’éjection

Défaut de convergence et de wedging

CARDIOPATHIES CONOTRUNCALES
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Deux groupes principaux
Implications anatomiques

• Groupe 1 (VDDI tardifs) = outflow tract defects
la CIV sera toujours de l’outlet

(sous-aortique, sous-pulm, doubly committed)

• Groupe 2 (VDDI précoces) =
la CIV sera autre (membraneuse, inlet, 

musculaire) et le septum conal sera intact

/

Van Praagh et al. Cœur 1982



Anomalie de formation du septum conal
CIV de la voie d’éjection (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 la voie d’éjection
• (cardiopathies conotruncales)
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Vue du ventricule gauche
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Présentation clinique

VDDI et associations génétiques



Anomalies chromosomiques et cardiopathies 

fœtales : 548 cardiopathies-18.5%

• Canaux atrioventriculaires 32/68 47%

– 28 T21; 3 T18; 1 XXX

• Anomalies conotroncales 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 conotroncales
- anomalie des arcs, aorte à droite
- microdélétion du chromosome 22q1.1
- Gène Tbx1

CIV T4F APSO TAC MVIAA 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

Diagnostic

Pathophysiologie

Anomalies associés



VDDI, une malformation hétérogène…

Lev M et al J Thorac Cardiovasc Surg 1972

VSD-type

TGA-type 
(Taussig-Bing)

Non-committed
VSD

Fallot-type
PA stenosis

Complex forms



– 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: 



Diagnostic prénatal
• Pas de chiffres sur le taux de détection en France

• Malposition vasculaire = anomalie des 3 vaisseaux/ 
voies d’éjection

• DAN VDDI= 

– Recherche anomalies extracardiaques

– Discussion d’amniocentèse

– Discussion d’IRM fœtale (Charge)

– Poursuite de la grossesse ou IMG ?

– Organisation de la naissance: Où et comment?
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Abstract

Objective: To assess the spectrum of associated anoma-
lies, the intrauterine course, postnatal outcome and 
management of fetuses with double outlet right ventricle 
(DORV).
Methods: All cases of DORV diagnosed prenatally over a 
period of 8 years were retrospectively collected in a single 
tertiary referral center. All additional prenatal findings 
were assessed and correlated with the outcome. The accu-
racy of prenatal diagnosis was assessed.
Results: Forty-six cases of DORV were diagnosed pre-
natally. The mean gestational age at first diagnosis was 
21 + 4  weeks (range, 13–37). A correct prenatal diagno-
sis of DORV was made in 96.3% of the cases. If the rela-
tion of the great arteries, the position of the ventricular 
septal defect (VSD) and additional cardiac anomalies are 
taken into account, the prenatal diagnosis was correct in 
92.6% of the cases. One case was postnatally classified 
as transposition of the great arteries with subpulmonary 
VSD and was excluded from further analysis. A total of 41 
(91.1%) fetuses with DORV had major additional cardiac 

anomalies, 30 (66.7%) had extracardiac anomalies and 13 
(28.9%) had chromosomal or syndromal anomalies. Due 
to their complex additional anomalies, five (11.1%) of our 
45 fetuses had multiple malformations and were highly 
suspicious for non-chromosomal genetic syndromes, 
although molecular diagnosis could not be provided. Dis-
orders of laterality occurred in 10 (22.2%) fetuses. There 
were 17 terminations of pregnancy (37.8%), two (4.4%) 
intrauterine and seven (15.6%) postnatal deaths. Nineteen 
of 22 (86.4%) live-born children with an intention to treat 
were alive at last follow-up. The mean follow-up among 
survivors was 32 months (range, 2–72). Of 21 children who 
had already undergone postnatal surgery, eight (38.1%) 
achieved biventricular repair and 13 (61.9%) received 
univentricular palliation. One recently born child is still 
waiting for surgery. All children predicted prenatally to 
need a single ventricle palliation, and all children pre-
dicted to achieve biventricular repair, ultimately received 
the predicted type of surgery. After surgery, 14 of 18 (77.8%) 
children were healthy without any impairment.
Conclusion: DORV is a rare and often complex cardiac 
anomaly that can be diagnosed prenatally with high preci-
sion. DORV is frequently associated with major additional 
anomalies, leading to a high intrauterine and postnatal 
loss rate due to terminations or declined postnatal ther-
apy. Without additional anomalies, the prognosis is good, 
although approximately 60% of children will have single 
ventricle palliation.

Keywords: congenital heart defect; double outlet right 
ventricle; fetus; prenatal diagnosis.

Introduction
Double outlet right ventricle (DORV) is a rare and complex 
conotruncal malformation representing less than 1% of 
all congenital heart defects [1, 2]. The first description 
by Witham defined DORV as both pulmonary artery and 
aorta originating from a morphological right ventricle 
[3]. Drainage of the left ventricle is commonly achieved 
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cardiac, extracardiac and chromosomal or genetic abnormalities, 
DORV classification according to the relationship of the great arter-
ies, position of the VSD and presence or absence of outflow tract 
obstructions. Minor anomalies like right aortic arch, persistent left 
superior vena cava and singular umbilical artery were documented, 
but not classified as associated cardiac and extracardiac anomalies, 
respectively.

All data were retrieved from medical files, stored ultrasound 
images and, if available, from ultrasound video recordings, and pre- 
and postnatal diagnoses of all live-born children were compared to 
assess the accuracy of prenatal diagnosis.

All cases were classified into five groups according to the preg-
nancy outcome: termination of pregnancy (TOP), intrauterine fetal 
(IUFD) or neonatal death (NND), death in infancy or childhood (CHD) 
and survivors. Neonatal death was defined as death within the first 
28 days of life, and CHD as any death after 28 days of life. Postnatal 
medical files of echocardiography, cardiac catheterization, surgery or 
autopsy were available for confirmation of the prenatal diagnosis in 
all live-born children.

Intergroup comparisons were made using the χ2 test, Student’s 
t-test or Fisher’s exact test when appropriate. Values are given 
as mean ± standard deviation (SD) unless otherwise indicated. 
P < 0.05  was considered statistically significant. The Institutional 
Review Board of our center does not require formal approval for 
retrospective archive studies; therefore, ethical approval was not 
sought.

Results
During the study period, 46 cases of fetal DORV were diag-
nosed prenatally. The mean gestational age at first diag-
nosis was 21 + 4 weeks (range, 13–37).

One case was postnatally classified as TGA with VSD. 
This case was excluded from the outcome analysis. Only 
for the assessment of diagnostic accuracy, all 46 cases 
were included.

Two (4.4%) of the 45 fetuses had a prenatal diagno-
sis of VSD-type DORV, five (11.1%) had the Fallot type, 27 
(60.0%) had the TGA type, three (6.7%) had the non-com-
mitted VSD type and eight (17.8%) had the AVSD type with 
heterotaxy.

Additional cardiac, extracardiac and genetic 
anomalies
Forty-one (91.9%) fetuses with DORV had major additional 
cardiac anomalies. The most common cardiac anomalies 
were RVOTO in 15 (33.3%) and LVOTO in 11 (24.4%) cases. 
The remaining fetuses had HLV with or without mitral 
valve atresia (MA) in 13 (28.9%) cases. Major extracar-
diac anomalies occurred in 30 (66.7%) fetuses, includ-
ing skeletal or facial dysmorphias, facial clefts, cerebral 

anomalies and bilateral renal agenesis. Disorders of lat-
erality occurred in 10 (22.2%) cases, including five cases 
with left isomerism, four cases with right isomerism and 
one case with situs inversus totalis. Chromosomal or non-
chromosomal syndromes occurred in 13 (28.9%) fetuses 
(trisomy 18 in six fetuses, trisomy 13, trisomy 17-mosai-
cism, triploidy, microdeletion 22q11, Kleefstra syndrome, 
Cornelia de Lange syndrome and Johanson-Blizzard syn-
drome in one fetus each). Due to their complex additional 
anomalies, five (11.1%) other fetuses were highly suspi-
cious for non-chromosomal genetic syndromes, but mole-
cular diagnosis could not be provided.

Outcome

TOP was performed in 17 of the 45 (37.8%) cases (Table 1 
and Figure 1). All of these fetuses had additional major 
anomalies including eight fetuses with chromosomal 
anomalies and three fetuses which were highly suspicious 
for genetic syndromes due to additional facial, cerebral 
and skeletal anomalies.

IUFD occurred in two (4.4%) fetuses with the AVSD-
type DORV, left isomerism and complete heart block.

Twenty-six neonates (57.8%) were born alive. NND 
occurred in three (6.7%) cases, including one neonate 
with trisomy 18 and another one with a suspected genetic 
syndrome. Both neonates died after compassionate care. 
The third neonate died due to low cardiac output failure 
after cardiac surgery at the age of 15 days.

CHD occurred in four (8.9%) cases, including two 
cases with trisomy 17 mosaicism and Cornelia de Lange 
syndrome, respectively. Both received compassionate 

Table 1: Outcome of 45 cases with DORV according to the 
associated condition.

n TOP IUFD NND CHD Alive

Trisomy 18 6 5 1
Trisomy 13 1 1
Trisomy 17 mosaicism 1 1
Triploidy 69XXX 1 1
22q11 microdeletion 1 1
Cornelia de Lange syndrome 1 1
Kleefstra syndrome 1 1
Johanson-Blizzard syndrome 1 1
Multiple malformation syndrome 7 5 1 1
Heterotaxy 10 2 2 6
Isolated 15 2 1 2 10
Total 45 17 2 3 4 19

TOP, termination of pregnancy; IUFD, intrauterine fetal death; NND, 
neonatal death; CHD, death in infancy or childhood.
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care. The third infant died because of global respiratory 
insufficiency after cardiac surgery at the age of 3 months 
and the fourth infant died because of renal and cardiac 
failure after the second step of Norwood palliation at the 
age of 11 months (Table 1).

Nineteen of the 45 children with a confirmed diagno-
sis of DORV were alive at the time of writing of the manu-
script, resulting in an overall survival rate of 42.2%. After 
exclusion of TOP, IUFD and cases in which parents opted 
for compassionate care, the “intention-to-treat group” 
consisted of 22 fetuses, all were born alive (Table 2). 
Twenty-one of those infants already underwent surgery, 
three died and 18  survived. One infant is still awaiting 
surgery and facing univentricular palliation due to HLV 
and MA. Due to inadequate postnatal growth (5 kg body 
weight at the age of 7 months), repair of anomalous pul-
monary venous connection and the first step of palliation 
were postponed. The mean follow-up of survivors was 
32 months (range, 2–72).

The intention-to-treat survival rate was 86.4% (19/22). 
After surgery, 77.8% (14/18) were healthy without any 
impairment at the latest follow-up, 22.2% (4/18) were 
mildly impaired (Figure 2).

Postnatal cardiac surgery

The type of postnatal surgery was dependent on the com-
plexity of the cardiac defect itself and the postnatal hemo-
dynamic situation. If surgical risk appeared to be too high 
or if biventricular complete repair did not seem achiev-
able, univentricular palliation was performed. Eight of 
21 (38.1%) infants underwent biventricular repair and 13 
of 21 (61.9%) received univentricular palliation (Table 2). 
All children predicted prenatally to need a single ventricle 

palliation, and all children predicted to achieve biventricu-
lar repair, ultimately received the predicted type of surgery.

Within the biventricular repair group, infants 
received either one-stage complete repair or aorto-pul-
monary (AP) shunting, right-ventricle-to-pulmonary-
artery (RV-PA) conduit, VSD patch or VSD tunneling, 
aortic arch reconstruction, banding of pulmonary arter-
ies or arterial switch operation, depending on their type 
of DORV and their postnatal hemodynamic situation. 
One of those eight infants had an additional coronary 
artery anomaly and died at the age of 15 days because 
of low cardiac output failure after aortic arch recon-
struction and banding of pulmonary arteries. The other 
seven infants survived surgery, six were healthy without 
impairment and one infant was mildly impaired due to 
mild cardiac insufficiency (Table 2).

Univentricular palliation was performed in the pres-
ence of major additional cardiac anomalies, includ-
ing MA, HLV, L-transposition of great arteries or severe 
obstruction of right and left ventricular outflow tract, 
respectively. Two of those 13 children died in childhood. 
The first child had complex DORV with MA, single right 
ventricle and interrupted aortic arch and died after the 
first step of Norwood palliation and aortic arch recon-
struction because of global respiratory insufficiency at 
the age of 3 months. The second severely growth restricted 
child had TGA (Taussig-Bing)-type DORV with additional 
hypoplastic aortic arch and died at the age of 11 months 
after the second step of Norwood palliation because of 
pulmonary hypertension and renal and cardiac failure. 
The other 11 children survived, and eight were healthy 
without impairment. One child developed moderate pul-
monary valve insufficiency and mild dyspnea, one child 
had autism-spectrum disorder and one child had con-
comitant Johanson-Blizzard syndrome (Table 2).

DORV
46

Top
17

IUFD
2

Exclusion
1

NND
3

CHD
4

Alive
19

Surgery pending
1

Biventricular
repair
7

Single ventricle
palliation

11

Figure 1: Outcome of 46 cases with prenatally diagnosed double outlet right ventricle (DORV).
TOP, termination of pregnancy; IUFD, intrauterine fetal death; NND, neonatal death; CHD, death in infancy or childhood.

Précision globale du diagnostic prénatal de « VDDI » dans cette série: 
96,3% ( 1 erreur)

Détails du diagnostic VDDI pris en considération: 
position des gros vx, CIV, anomalies associées: 92,7% (2 erreurs)
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Accuracy of prenatal ultrasound

To determine the accuracy of prenatal ultrasound, we only 
included the 27 liveborns with available postnatal confir-
mation of diagnosis. A correct prenatal diagnosis of DORV 
was made in 96.3% (all but one) of the cases. One case 
of prenatal diagnosis of TGA-type DORV was postnatally 
classified as d-TGA with subpulmonary VSD.

In another case with Kleefstra syndrome and DORV 
with MA, HLV, d-TGA and subpulmonary VSD, additional 
partial anomalous pulmonary venous connection was 
missed at the prenatal ultrasound. Thus, the prenatal 
diagnosis was correct in 92.7% (all but two) of the cases, 
if the spatial relationship of the great arteries, position 
of the VSD and all additional cardiac anomalies are also 
taken into account.

Among the 26 liveborns with a postnatally con-
firmed diagnosis of DORV, there were the following types 
of DORV: one (3.8%) VSD type, two (7.7%) Fallot type, 
17 (65.4%) TGA type, two (7.7%) non-committed VSD and 
four (15.4%) AVSD type with heterotaxy (Figures 3 and 4).

Discussion
DORV occurs with a prevalence of 0.46–8.8% in prenatal 
series and decreases to 0.003–0.02% in live-born infants 
[2, 9, 11, 22–25]. However, only a few series of prenatally 
diagnosed DORV with small cohorts and only short post-
natal follow-up periods have been published so far [2, 4, 9, 
12, 19]. In addition, the number of survivors in these series 
was extremely low, due to the high rate of TOP, sponta-
neous intrauterine loss and considerable postsurgical 
mortality. Therefore, most information concerning the 
outcome of newborns with DORV is available from postna-
tal series. Our current study is one of the largest cohorts of 
prenatally diagnosed DORV with a larger number of survi-
vors and therefore might improve the prenatal counseling 
of affected couples.

DORV was reported to be associated with additional 
cardiac, extracardiac and chromosomal anomalies in 
90%, 38–58% and 25%, respectively [2, 7, 9, 10, 13, 14, 19, 
22, 26–28]. Similarly, we also found a high prevalence of 
severe additional anomalies. All our fetuses (100%) had 
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Figure 2: Kaplan-Meier curve for observed survival of 46 cases with 
prenatally diagnosed double outlet right ventricle.
The dotted line represents term.

Figure 3: DORV, VSD type, with subaortic VSD and overriding aorta.
LV, left ventricle; RV, right ventricle; Ao, overriding aorta; *subaortic 
VSD.

Figure 4: DORV, TGA type, with subpulmonary VSD and overriding 
pulmonary trunk.
LV, left ventricle; RV, right ventricle; TP, overriding pulmonary trunk; 
Ao, aorta; *subpulmonary VSD.
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Diagnostic postnatal
• Identification/confirmation du type de VDDI

– Type CIV sousaortique -> chir 3-6 mois

– Type TGV -> chir néonatal

– Type Fallot -> chir 3-6 mois

– Uncomitted –> open to discussion

• Description des lésions associées
– Sténose sous-pulmonaire

– Sténose sous-aortique

– Cleft ou fente mitrale

– Straddling (mitral, tricuspide, les 2)

– Hétérotaxie: VDDI-CAVc



Diagnostic préopératoire

Les enjeux de l’imagerie



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 3D D

La base d’aujourd’huiLe complément d’imagerieL’ 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 et CIV sous-aortique

Celui qui ne pose pas/peu de problème
VSD-type DORV



VDDI et CIV sous-aortique

Tunnel



VDDI + CIV sous-aortique

AO

VD
VG

AP



VDDI + CIV sous-pulmonaire

Celui qu’il faut réparer comme une 

TGV plus ou moins complexe

TGA-type DORV



VDDI + CIV sous-pulmonaire

Tunnel

Aorte
AP

Switch artériel
Tunnel VG-néo-aorte

Chen et al. 2008



VDDI + CIV sous-pulmonaire



Celui pour lequel la décision 

thérapeutique peut être complexe…

VDDI + CIV non committed





VG

VD

AP

Ao

AP





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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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

JTCS 2016 Villemain et al.



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

See Editorial Commentary page 707.
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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?
Olivier Villemain, MD,* Damien Bonnet, MD, PhD,* Lucile Houyel, MD,† Mathieu Vergnat, MD,†

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.
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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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according to surgical strategy

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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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


