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Transpositions des gros vaisseaux
Le point du vue du cardiopédiatre



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

Syndrome d'hypoplasie du cœur gauche (SHCG) 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



Transposition des gros vaisseaux 

Définition: 
• AP au dessus du ventricule G
• Aorte au dessus du ventricule D
= discordance ventriculo-artérielle

• La TGV n’est qu’une des malpositions 
vasculaires qui incluent:  TGV, VDDI, VGDI, 
malposition anatomiquement corrigée.
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Rappel embryologique



Nouveau concept de morphogenèse :
second champ cardiaque

Premier champ cardiaque (cardiac crescent) = 1st lineage
Second champ cardiaque (anterior heart field) = 2nd lineage
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Types anatomiques: simples et complexes

• TGV « simple » – 60%: pas d’autre lésion associée
• TGV avec communication interventriculaire (CIV)
• TGV avec CIV et coarctation
• TGV avec CIV et sténose pulmonaire
• L-TGV (très rare)

• Anomalies des valves AV:
– Fente mitrale et straddling mitral
– Straddling tricuspide



Diagnostic prénatal
Table 3 - Prenatal diagnosis, pregnancy termination, perinatal and early neonatal mortality for selected (isolated) congenital heart anomalies - 

 Paris Registry of Congenital Malformations, 1983-2000

i) Transposition of Great Arteries

N % 95 % CI* N % 95 % CI* N % 95 % CI* pV

Prenatal Diagnosis 16 12.5 1.6 - 38.3 27 48.1 28.7 - 68.1 40 72.5 56.1 - 85.4 0.001

Pregnancy Termination 17 0 0 - 19.5 27 7.4 0.9 - 24.3 40 0 0 - 8.8 0.62

First Week Mortality 16 18.8 4.0 - 45.6 24 8.3 1.0 - 27.0 39 2.6 0.1 - 13.5 0.04

Perinatal Mortality 17 23.5 6.8 - 49.9 25 12.0 2.5 - 31.2 40 5.0 0.6 - 16.9 0.02

ii) Hypoplastic Left Heart Syndrome

N % 95 % CI* N % 95 % CI* N % 95 % CI* pV

Prenatal Diagnosis 22 31.8 13.9 - 54.9 29 82.8 64.2 - 94.2 27 88.9 70.8 - 97.6 < 0.001

Pregnancy Termination 22 13.6 2.9 - 34.9 29 72.4 52.8 - 87.3 27 63.0 42.4 - 80.6 < 0.001

First Week Mortality 18 83.3 58.6 - 96.4 8 75.0 34.9 - 96.8 10 50.0 18.7 - 81.3 0.12

Perinatal Mortality 19 84.2 60.4 - 96.6 8 75.0 34.9 - 96.8 10 50.0 18.7 - 81.3 0.10

1983 - 1988 1989 - 1994 1995 - 2000

1983 - 1988 1989 - 1994 1995 - 2000

Etude EPICARD

Khoshnood B et al 2012
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Transposition des gros vaisseaux 

Prévalence totale et prévalence des naissances vivantes 

 
 P+PC = naissances enregistrées à Paris de femmes domiciliées à Paris ou dans la Petite Couronne 
 P  = naissances enregistrées et domiciliées à Paris 
 
 

Transposition des gros vaisseaux (isolée) 
Diagnostic prénatal et interruption médicale de grossesse 

 

 
 

 
1981-84 1985-87 1988-90 1991-93 1994-96 1997-99 2000-02 2003-05 2006-08 2009-11 2012-14 

%DPN 3.8 30.0 29.2 61.3 68.1 75.0 76.5 86.5 92.2 82.5 90.3 
% IMG 0.0 4.8 4.2 19.4 10.6 15.0 3.9 1.9 3.1 11.1 4.8 

Naissances enregistrées à Paris de femmes domiciliées à Paris ou dans la Petite Couronne 
 

Evolution du diagnostic prénatal et IMG



Diagnostic prénatal ailleurs qu’en France

Escobar-Diaz et al. Ultrasoud Obst Gyn 2015





• Mortalité périopératoire: études contradictoires
– Amélioration globale des résultats concomitante 

de l’augmentation du DAN partout dans le monde

• Morbidité périopératoire: 
– Amélioration des délais opératoires, ventilation 

mécanique, acidose

• Devenir neurodeveloppemental:
– Association positive DAN démontrée dans la TGV

Impact postnatal du diagnostic prénatal (?)

Bonnet et al.  1999, Khosnood at al. 2017

Chakraborty et al. 2018, Cloete et al. 2019

Calderon 2012



PEC pratique en France
• DAN TGV -> CPDPN
• Confirmation par un cardiopédiatre expert
• Accompagnement du couple:

information sur la pathologie/PEC/pronostic
• Soutien psychologique

• Accouchement déclenché en milieu spécialisé
• Cardiopédiatre sur place en SDN
• Evaluation postnatale hémodynamique immédiate
• Décision si Rashkind ou non

• Transfert en cardio/SI/ néona

3.2 Perinatal management—timing, place and mode of
delivery
Studies comparing the outcome of babies with TGA
diagnosed prenatally with those diagnosed postnatally
suggest that the rates of preoperative and postoperative
mortality [9, 20, 38, 39] and morbidity [19, 40–43]
are lower for babies diagnosed prenatally.
3.2.1 Site and timing of delivery. Because babies

with TGA require early treatment after birth, it is
generally recommended that delivery takes place at or
near a tertiary-care paediatric cardiology and
paediatric cardiac surgery centre [44, 45]. Adhering
to this practice enables the neonate to be in optimal
condition and avoids neonatal retrieval transport-
related complications and costs [46]. Although the
delivery must be scheduled before the due date, the
majority of women can have a vaginal delivery, which
is generally recommended [47]. However, a planned
caesarean delivery may be indicated if high-risk
maternal or foetal features are identified.

3.3 Postnatal diagnosis
3.3.1 Postnatal detection. The newborn with TGA

and inadequate intercirculatory mixing will be
symptomatic from birth. Severe cyanosis is an early,
almost universal clinical finding, which at least
during the first hours after birth, may be the only
sign. Screening for arterial oxygen saturation (SaO2)
is indicated for early identification of initially
asymptomatic patients with TGA, when the pre- or
post-ductal value or both are <95% [48].
3.3.2 Further diagnostic steps. Once cyanotic

congenital heart disease is suspected, transthoracic
echocardiography should be performed immediately,
because duration of deep cyanosis and tissue hypoxia
are important additional factors in determining
ventricular function, acidosis and eventually multiple
organ failure.
The results observed on chest radiographs can be

normal, but the following abnormal features can also
be observed: oval or egg-on-side cardiac shape (due
to the narrow mediastinum), mild cardiomegaly
and increased pulmonary vascular markings. The
electrocardiogram (ECG) may be normal, with the
typical neonatal findings of right-axis deviation and
right ventricular hypertrophy. Echocardiography is
the modality of choice for a definitive diagnosis.
At the time of echocardiography, one should

pay particular attention to the root of the great
arteries and to the coronary arteries or concomitant
features such as VSD, LVOT obstruction, coarctation
and mitral valve anomalies. In particular, the
diameters of the main pulmonary artery and the aorta
have to be measured; the location of the valve
commissures and also the origin and course of the
coronary arteries must be described carefully before
surgery.
It has been shown that echocardiography facilitates

accurate evaluation of the coronary artery pattern and
exclusion of other relevant malformations [49, 50].
In addition, echocardiography facilitates imaging for

Recommendation Classa Levelb

It is recommended that the obstetric anomaly scan
be performed at 18-22 weeks of gestation

I C

To increase prenatal detection, it is recommended
that outflow tract views, in addition to four-chamber
views, be included in obstetric anomaly scans

I C

It is recommended that the diagnosis be confirmed
by a foetal cardiology specialist and that parental
counselling should also be provided by a foetal
cardiology specialist and other related health
professionals (foetal medicine specialists,
obstetricians, paediatric cardiac surgeons and
neonatologists)

I C

It is recommended that a detailed foetal anomaly
scan be performed by a foetal medicine specialist

I C

Because the risk for foetal karyotype abnormality is
low in cases of TGA IVS, karyotyping may be
considered on an individual basis where appropriate

IIb C

After foetal diagnosis, follow-up to term is
recommended for early detection of the
development of high-risk features, which may
require immediate intervention following delivery

I C

aClass of recommendation.
bLevel of evidence.
Recommendations for prenatal detection

Recommendation Classa Levelb

It is recommended that delivery takes place at or
near a tertiary-care paediatric cardiology and
paediatric cardiac surgery centre

I C

Vaginal delivery at term is recommended in most
cases, whereas caesarean delivery is recommended
when high-risk features are identified

I C

aClass of recommendation.
bLevel of evidence.
Recommendations for perinatal management

Recommendation Classa Levelb Refc

Neonatal pulse oximetry screening is
crucial for timely diagnosis of TGA

I C 51

Echocardiography is the modality of choice
for diagnosing TGA postnatally and
allows accurate evaluation of the coronary
artery pattern and exclusion of other
relevant malformations in most cases

I B 49, 50

Performance of BAS should be considered,
under echocardiographic guidance

IIa B 52–54

BAS: balloon atrial septostomy; TGA: transposition of the great arteries.
aClass of recommendation.
bLevel of evidence.
cReferences
Recommendations for postnatal diagnosis
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Delivery Room and Neonatal Care Planning
Risk assessment for anticipated compromise in the delivery 
room or during the first few days of life is based largely on 
postnatal disease-specific clinical experience. However, for 
some diagnoses, reports in the literature highlighting specific 
findings on fetal echocardiogram have facilitated more com-
prehensive planning to prevent the intrapartum hemodynamic 
compromise that may occur with specific high-risk CHD. 
Disease-specific delivery room care recommendations for 
newborns with CHD have been created for neonatologists and 
are well accepted in clinical practice.569,570 For many newborns 
with CHD, no specialized care is needed in the delivery room, 
and infants can be discharged from the nursery to be seen for 
follow-up as outpatients. For all others, delivery care planning 
must define the specialized treatment and follow-up required, 
the possible need for transport to a specialized cardiac cen-
ter, the likelihood of neonatal catheter intervention or surgery, 
or the need for intervention in the delivery room in the small 

subset of patients in whom compromise is likely to occur at 
the time of circulatory transition with cord clamping.

Specialized care plans can be created for delivery room man-
agement that are based on cardiac diagnoses and identifiable fea-
tures noted during the extended fetal cardiac examination. Models 
of risk assessment that include stratification of patients and spe-
cific postnatal care recommendations have been reported.571,572 In 
practice, anticipated postnatal level of care should be assigned by 
the fetal diagnostic team, with concomitant delivery room and 
neonatal care recommendations made before delivery. Table 19 
summarizes risk-stratified level of care assignment and coordi-
nating action plans based on reported algorithms.

Disease-Specific Recommendations for 
Transitional Care

Transitional Circulation
Past studies have shown that the fetal diagnosis of CHD pre-
vents the postnatal hemodynamic instability that occurs during 

Table 19. Level of Care Assignment and Coordinating Action Plan

LOC Definition Example CHD Delivery Recommendations DR Recommendations

P CHD in which palliative care is  
 planned

CHD with severe/fatal chromosome  
 abnormality or multisystem disease

Arrange for family support/palliative  
 care services
Normal delivery at local hospital

1 CHD without predicted risk of  
  hemodynamic instability in the 

DR or first days of life

VSD, AVSD, mild TOF Arrange cardiology consultation or  
 outpatient evaluation
Normal delivery at local hospital

Routine DR care
Neonatal evaluation

2 CHD with minimal risk of  
  hemodynamic instability in 

DR but requiring postnatal 
catheterization/surgery

Ductal-dependent lesions, including  
  HLHS, critical coarctation, severe 

AS, IAA, PA/IVS, severe TOF

Consider planned induction usually  
 near term
Delivery at hospital with neonatologist  
  and accessible cardiology 

consultation

Neonatalogist in DR
Routine DR care, initiate PGE if  
  indicated
Transport for catheterization/ 
 surgery

3 CHD with likely hemodynamic  
  instability in DR requiring 

immediate specialty care for 
stabilization

d-TGA with concerning atrial septum  
  primum (note: it is reasonable to 

consider all d-TGA fetuses without 
an ASD at risk)

Uncontrolled arrhythmias
CHB with heart failure

Planned induction at 38–39 wk;  
  consider C/S if necessary to 

coordinate services
Delivery at hospital that can execute  
  rapid care, including necessary 

stabilizing/lifesaving procedures

Neonatologist and cardiac specialist  
  in DR, including all necessary 

equipment
Plan for intervention as indicated by  
  diagnosis
Plan for urgent transport if indicated

4 CHD with expected hemodynamic  
  instability with placental 

separation requiring immediate 
catheterization/surgery in DR to 
improve chance of survival

HLHS/severely RFO or IAS
d-TGA/severely RFO or IAS and  
 abnormal DA
Obstructed TAPVR
Ebstein anomaly with hydrops
TOF with APV and severe airway  
  obstruction
Uncontrolled arrhythmias with hydrops
CHB with low ventricular rate, EFE,  
 and/or hydrops

C/S in cardiac facility with necessary  
  specialists in the DR usually at 

38–39 wk

Specialized cardiac care team in DR
Plan for intervention as indicated 
  by diagnosis; may include 

catheterization, surgery, or ECMO

5 CHD in which cardiac  
 transplantation is planned

HLHS/IAS, CHD including  
  severe Ebstein anomaly, CHD, 

or cardiomyopathy with severe 
ventricular dysfunction

List after 35 wk of gestation
C/S when heart is available

Specialized cardiac care team in DR

APV indicates absent pulmonary valve; AS, aortic stenosis; ASD, atrial septal defect; AVSD, atrioventricular septal defect; CHB, complete heart block; CHD, congenital 
heart disease; C/S, cesarean section; d-TGA, transposition of the great arteries, DA, ductus arteriosus; DR, delivery room; ECMO, extracorporeal membrane oxygenation; 
EFE, endocardial fibroelastosis; HLHS, hypoplastic left heart syndrome; IAA, interrupted aortic arch; IAS, intact atrial septum; LOC, level of care; PA/IVS, pulmonary 
atresia/intact ventricular septum; PGE, prostaglandin; RFO, restrictive foramen ovale; TAPVR, total anomalous pulmonary venous return; TOF, tetralogy of Fallot; and 
VSD, ventricular septal defect..

Modified from the Children’s National Level of Care Protocol, Donofrio et al572 with permission from Elsevier. Copyright © 2012, Elsevier, Inc.

 by guest on O
ctober 1, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

2183

Background—The goal of this statement is to review available literature and to put forth a scientific statement on the current 
practice of fetal cardiac medicine, including the diagnosis and management of fetal cardiovascular disease.

Methods and Results—A writing group appointed by the American Heart Association reviewed the available literature pertaining 
to topics relevant to fetal cardiac medicine, including the diagnosis of congenital heart disease and arrhythmias, assessment 
of cardiac function and the cardiovascular system, and available treatment options. The American College of Cardiology/
American Heart Association classification of recommendations and level of evidence for practice guidelines were applied 
to the current practice of fetal cardiac medicine. Recommendations relating to the specifics of fetal diagnosis, including the 
timing of referral for study, indications for referral, and experience suggested for performance and interpretation of studies, 
are presented. The components of a fetal echocardiogram are described in detail, including descriptions of the assessment 
of cardiac anatomy, cardiac function, and rhythm. Complementary modalities for fetal cardiac assessment are reviewed, 
including the use of advanced ultrasound techniques, fetal magnetic resonance imaging, and fetal magnetocardiography and 
electrocardiography for rhythm assessment. Models for parental counseling and a discussion of parental stress and depression 
assessments are reviewed. Available fetal therapies, including medical management for arrhythmias or heart failure and closed 
or open intervention for diseases affecting the cardiovascular system such as twin–twin transfusion syndrome, lung masses, 
and vascular tumors, are highlighted. Catheter-based intervention strategies to prevent the progression of disease in utero are 

© 2014 American Heart Association, Inc.

Circulation is available at http://circ.ahajournals.org DOI: 10.1161/01.cir.0000437597.44550.5d
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of fetal echocardiography. This document does not replace AIUM’s existing practice guideline on fetal echocardiography, which is available on the AIUM 
Web site or in AIUM’s journal (J Ultrasound Med. 2013;32:1067–1082).

†The Society of Maternal Fetal Medicine (SMFM) has reviewed this statement and acknowledges it as a comprehensive review on the subject of fetal 
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Clinique postnatal
Cyanose réfractaire en salle de naissance 

sans détresse respiratoire
= TGV jusqu’à la preuve du contraire



Pathophysiologie TGV simple

• Cardiopathie cyanogène car 
aorte nait du VD !

• Circulation en parallèle
• CA et FOP obligatoire pour un 

mixing efficace
• CA shunte Ao-AP à cause des 

résistances vasculaires
• FOP shunte G-D à cause des 

compliances ventriculaireOD OG

VGVD



OD OG

VGVD

• FOP restrictif ou fermé= 
Œdème pulmonaire

• Majoration de la 
cyanose

• Majoration de l’acidose

• Mixing inefficace 
jusqu’au décès

Le FOP restrictif avant Rashkind



Prise en charge médicale néonatale
• Rashkind

– Mixing
– Déprécharge le VG

• PGE1
– Effets secondaires: apnée, douleur, fièvre
– Précharge le VG

• Surveillance glycémies 
• Surveillance alimentation entérale: risque 

d’entéropathie/entérocolite
• Risque théorique d’AVC en cas de KTC: VD-aorte-

cerveau
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(≤2.5 kg), very low birth weight (≤1.5 kg) and, less so,
prematurity [80] present technical and physiological
challenges to complete repair in the neonate.
Additional comorbidities from other organ systems
(central nervous system, renal, gastrointestinal) increase
the morbidity and mortality rates of these infants both
short and long term [81]. More specifically, in trans-
position, large, multi-institutional studies in Europe
and North America have demonstrated increased
mortality rates after an ASO in infants weighing
<2.5 kg [82, 83]. However, it has been shown that
delaying repair to allow for weight gain confers
higher preoperative morbidity and early mortality
without any associated benefit [84, 85]. Furthermore,
delaying intervention for TGA IVS results in decon-
ditioning of the left ventricle, rendering the patient a
potentially poor candidate for a primary ASO.
Centres have reported early repair [86], primary
repair as late as age 3 months, late single-stage repair
with postoperative mechanical circulatory support
and two-stage repair (i.e. pulmonary artery banding
with or without aortopulmonary shunt placement
followed by an ASO in 7–14 days) [86, 87] with
acceptable results.

5. Surgery for Transposition of The Great
Arteries With Intact Ventricular Septum

5.1 Timing for surgery of TGA IVS
The ASO for TGA IVS in newborns was introduced
in the early 1980s. The assumption was that the

neonatal left ventricle would be suited for systemic
work after having withstood systemic pressure
throughout foetal life [88, 89]. The neonatal ASO has
since become the preferred approach for repair of
TGA IVS and is currently achievable with an average
surgical mortality rate of 2–5% [90].
At birth, the left ventricular muscle mass is

equivalent to that of the right ventricle. Sub-
sequently, as a result of the rapid postnatal decrease
in PVR, the left ventricle soon becomes ‘decondi-
tioned’, losing muscle mass and the ability to
function at systemic workloads [91, 92]. Currently, the
optimal timing for an ASO in babies with TGA IVS is
established from the first few days to 3 weeks of
life [93].
In Europe, 25–30% of patients with TGA IVS

have undergone a routine ASO within the first week
of life [90]. It is worth noting that an ASO in the first
few hours of life may obviate the need for BAS
[94, 95]. This very early approach, however, remains
controversial.
Also, the upper age limit for a primary ASO in

TGA IVS cannot be determined. Most surgeons
undertake a primary ASO in babies up to 4 weeks of
age, whereas the choice of a primary ASO beyond
1 month of age is controversial [90]. In fact, several
groups have electively adopted a primary ASO in late
presenters (up to 8 weeks of age), planning
postoperative mechanical support, if necessary [93,
96–99], and accepting prolonged duration of
postoperative ventilation and hospital stay [100]. A
few outliers undergoing an ASO at up to 9 months of
age have been reported [100, 101]. However, for
infants older than 2 months, left ventricular mass and
mass/end-diastolic volume ratio should, preferably,
orient towards a rapid two-stage ASO.

5.2 Adequacy of left ventricular myocardial mass
5.2.1 Left ventricular mass regression. Upon

completion of a postnatal fall of pulmonary

Recommendation Classa Levelb

Immediately after birth, IV infusion of PGEI is
recommended to maintain ductal patency until
the comprehensive series of postnatal
echocardiograms is complete and all sites of
intercirculatory mixing have been evaluated

I C

Avoidance of elective intubation of infants on PGE1
during transport is recommended. The decision to
intubate prior to transport must be individualized

I C

An individualized management strategy for low
birth weight and premature infants is
recommended, taking into account patient and
institutional factors. Management options include
primary repair as late as 3 months of age, late
single-stage repair with postoperative VAD or
ECLS support and two-stage repair

I C

A primary ASO may be considered the preferred
management strategy for low-birth-weight and
premature infants and can be performed with
acceptable but increased early and mid-term risk

IIb C

ASO: arterial switch operation; ECLS: extracorporeal life support; IV:
intravenous; PGE1: prostaglandin E1; VAD: ventricular assist device.
aClass of recommendation.
bLevel of evidence.
Recommendations for perinatal management in a neonatal intensive care unit

Recommendation Classa Levelb Refc

It is recommended that a primary ASO
in neonates with TGA IVS be
performed from the first few days to
3 weeks of life

I B 90–95

A primary ASO should be considered
up until 60 days (with ECLS back-up)

IIa B 7, 97–100

ASO: arterial switch operation; ECLS: extracorporeal life support; IVS:
intact ventricular septum; TGA: transposition of the great arteries.
aClass of recommendation.
bLevel of evidence.
cReferences.
Recommendations for timing of the ASO
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3.2 Perinatal management—timing, place and mode of
delivery
Studies comparing the outcome of babies with TGA
diagnosed prenatally with those diagnosed postnatally
suggest that the rates of preoperative and postoperative
mortality [9, 20, 38, 39] and morbidity [19, 40–43]
are lower for babies diagnosed prenatally.
3.2.1 Site and timing of delivery. Because babies

with TGA require early treatment after birth, it is
generally recommended that delivery takes place at or
near a tertiary-care paediatric cardiology and
paediatric cardiac surgery centre [44, 45]. Adhering
to this practice enables the neonate to be in optimal
condition and avoids neonatal retrieval transport-
related complications and costs [46]. Although the
delivery must be scheduled before the due date, the
majority of women can have a vaginal delivery, which
is generally recommended [47]. However, a planned
caesarean delivery may be indicated if high-risk
maternal or foetal features are identified.

3.3 Postnatal diagnosis
3.3.1 Postnatal detection. The newborn with TGA

and inadequate intercirculatory mixing will be
symptomatic from birth. Severe cyanosis is an early,
almost universal clinical finding, which at least
during the first hours after birth, may be the only
sign. Screening for arterial oxygen saturation (SaO2)
is indicated for early identification of initially
asymptomatic patients with TGA, when the pre- or
post-ductal value or both are <95% [48].
3.3.2 Further diagnostic steps. Once cyanotic

congenital heart disease is suspected, transthoracic
echocardiography should be performed immediately,
because duration of deep cyanosis and tissue hypoxia
are important additional factors in determining
ventricular function, acidosis and eventually multiple
organ failure.
The results observed on chest radiographs can be

normal, but the following abnormal features can also
be observed: oval or egg-on-side cardiac shape (due
to the narrow mediastinum), mild cardiomegaly
and increased pulmonary vascular markings. The
electrocardiogram (ECG) may be normal, with the
typical neonatal findings of right-axis deviation and
right ventricular hypertrophy. Echocardiography is
the modality of choice for a definitive diagnosis.
At the time of echocardiography, one should

pay particular attention to the root of the great
arteries and to the coronary arteries or concomitant
features such as VSD, LVOT obstruction, coarctation
and mitral valve anomalies. In particular, the
diameters of the main pulmonary artery and the aorta
have to be measured; the location of the valve
commissures and also the origin and course of the
coronary arteries must be described carefully before
surgery.
It has been shown that echocardiography facilitates

accurate evaluation of the coronary artery pattern and
exclusion of other relevant malformations [49, 50].
In addition, echocardiography facilitates imaging for

Recommendation Classa Levelb

It is recommended that the obstetric anomaly scan
be performed at 18-22 weeks of gestation

I C

To increase prenatal detection, it is recommended
that outflow tract views, in addition to four-chamber
views, be included in obstetric anomaly scans

I C

It is recommended that the diagnosis be confirmed
by a foetal cardiology specialist and that parental
counselling should also be provided by a foetal
cardiology specialist and other related health
professionals (foetal medicine specialists,
obstetricians, paediatric cardiac surgeons and
neonatologists)

I C

It is recommended that a detailed foetal anomaly
scan be performed by a foetal medicine specialist

I C

Because the risk for foetal karyotype abnormality is
low in cases of TGA IVS, karyotyping may be
considered on an individual basis where appropriate

IIb C

After foetal diagnosis, follow-up to term is
recommended for early detection of the
development of high-risk features, which may
require immediate intervention following delivery

I C

aClass of recommendation.
bLevel of evidence.
Recommendations for prenatal detection

Recommendation Classa Levelb

It is recommended that delivery takes place at or
near a tertiary-care paediatric cardiology and
paediatric cardiac surgery centre

I C

Vaginal delivery at term is recommended in most
cases, whereas caesarean delivery is recommended
when high-risk features are identified

I C

aClass of recommendation.
bLevel of evidence.
Recommendations for perinatal management

Recommendation Classa Levelb Refc

Neonatal pulse oximetry screening is
crucial for timely diagnosis of TGA

I C 51

Echocardiography is the modality of choice
for diagnosing TGA postnatally and
allows accurate evaluation of the coronary
artery pattern and exclusion of other
relevant malformations in most cases

I B 49, 50

Performance of BAS should be considered,
under echocardiographic guidance

IIa B 52–54

BAS: balloon atrial septostomy; TGA: transposition of the great arteries.
aClass of recommendation.
bLevel of evidence.
cReferences
Recommendations for postnatal diagnosis
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Manœuvre de Rashkind (1966) 



Manœuvre de Rashkind : sous scopie ou écho 



Rashkind: effet hémodynamique immédiat
Ballon gonflé dans l’OG

Procédure réalisée dans 70% à la naissance ou dans les premiers jours



Preoperative Brain Injury in Transposition of the Great Arteries Is
Associated With Oxygenation and Time to Surgery, Not Balloon
Atrial Septostomy

Christopher J. Petit, MD, Jonathan J. Rome, MD, Gil Wernovsky, MD, Stefanie E. Mason,
BS, David M. Shera, ScD, Susan C. Nicolson, MD, Lisa M. Montenegro, MD, Sarah Tabbutt,
MD, PhD, Robert A. Zimmerman, MD, and Daniel J. Licht, MD
Division of Cardiology, Department of Pediatrics (C.J.P., J.J.R., G.W., S.T.); Division of Critical Care
Medicine, Department of Anesthesia and Critical Care Medicine (G.W., S.T.); Division of Neurology,
Department of Pediatrics (S.E.M., D.J.L.); Division of Biostatistics and Epidemiology (D.M.S.);
Division of Cardiothoracic Anesthesia, Department of Anesthesia and Critical Care Medicine
(S.C.N., L.M.M.); and Department of Radiology (R.A.Z.), The Children’s Hospital of Philadelphia
and the University of Pennsylvania School of Medicine, Philadelphia, Pa

Abstract
Background—Preoperative brain injury is an increasingly recognized phenomenon in neonates
with complex congenital heart disease. Recently, reports have been published that associate
preoperative brain injury in neonates with transposition of the great arteries with the performance of
balloon atrial septostomy (BAS), a procedure that improves systemic oxygenation preoperatively. It
is unclear whether BAS is the cause of brain injury or is a confounder, because neonates who require
BAS are typically more hypoxemic. We sought to determine the relationship between preoperative
brain injury in neonates with transposition of the great arteries and the performance of BAS. We
hypothesized that brain injury results from hypoxic injury, not from the BAS itself.

Methods and Results—Infants with transposition of the great arteries (n=26) were retrospectively
included from a larger cohort of infants with congenital heart disease who underwent preoperative
brain MRI as part of 2 separate prospective studies. Data collected included all preoperative pulse
oximetry recordings, all values from preoperative arterial blood gas measurements, and BAS
procedure data. MRI scans were performed on the day of surgery, before the surgical repair. Of the
26 neonates, 14 underwent BAS. No stroke was seen in the entire cohort, whereas 10 (38%) of 26
patients were found to have hypoxic brain injury in the form of periventricular leukomalacia.
Periventricular leukomalacia was not associated with BAS; however, neonates with periventricular
leukomalacia had lower preoperative oxygenation (P=0.026) and a longer time to surgery (P=0.028)
than those without periventricular leukomalacia.

Conclusions—Preoperative brain injury in neonates with transposition of the great arteries is
associated with hypoxemia and longer time to surgery. We found no association between BAS and
brain injury.

© 2009 American Heart Association, Inc.
Correspondence to Christopher J. Petit, MD, Texas Children’s Hospital, 6621 Fannin St, MC-19345 C, Houston, TX 77030. E-mail
cjpetit@texaschildrenshospital.org.
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Figure 2.
Brain MRI of preoperative infants with TGA: T1 imaging (A) and diffusion-weighted imaging
(B) in a patient with mild PVL, which is a unifocal, small (<3 mm) white matter lesion. The
lower MRI images demonstrate axial (C) and coronal (D) T1 imaging in a patient with bilateral,
multifocal (moderate PVL) white matter disease.
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Figure 3.
A daily mean PO2 was calculated for the PVL and no-PVL groups. Repeated-measures ANOVA
demonstrated a significant difference in mean daily PO2 between the PVL group (dashed line)
and the no-PVL group (solid line; P=0.02). The PVL group never achieved a mean daily PO2
>40 mm Hg.
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Petit et al. Circ 2009
N= 26 NN avec switch dont 14 avec Rashkind;  
10/26 avaient une leucomalacie préopératoires



Check liste écho pré op

• CIA large ou restrictive et CA ouvert ou fermé

• Equilibre des ventricules
– Petit VD : risque de coarctation
– Petit VG : vérifier la voie pulmonaire

• Anatomie de la valve mitrale
– Fente non commissurale

• Cardiopathies associées (CIV, caorctation aortique)
• Valve pulmonaire (futur aortique)
• Discongruence aortopulmonaire ?
• Malalignement commissural ?
• Anatomie des artères coronaires ?



La question du VG depréparé
• < 3 semaines: switch artériel
• > 3 semaines: évaluation forme du VG, 

présence CA/CIA/CIV, calcul de masse VG
• Deux stratégies

– Switch avec ECMO postopératoire
– Préparation du VG: cerclage + Blalock 7-10 

jours puis switch

• Masse VG minimale : > 35 g/m2 calculée en 
TM

TGA-IVS or virtually closed VSD underwent a left ventri-
cular retraining. In the same period, 470 direct arterial
switch and two Senning were performed for TGA-IVS.

2.1. LV myocardial mass evaluation

The LV myocardial mass was calculated at TM echocar-
diography. The formula issued by the American Society of
Echography was used [4] (Table 1); the mass was then
indexed and related to the body surface area. The measure-
ments were all made by a single pediatric cardiologist (using
Acuson 128 £ P, Acuson Corporation). The measurements
of the end diastolic LV diameter, the posterior wall and
inter-ventricular thickness were performed in long axis
parasternal view and the formula was calculated using an
algorithm available in the echocardiography machine.

There are two limitations for this formula. The calcula-
tion is an approximation of a spheric volume. The variation
of the LV shape induced by the variation of the LV volume
might have a consequence on the calculated mass.

An indexed LV mass of 35 G/m2 was taken as inferior
limit to indicate LV retraining in the majority of the
patients.

2.2. Indication for LV retraining

LV retraining was indicated according to a combination
of different factors: mainly the indexed LVmass but also the
age .3 weeks, the inter-ventricular septum shape and the
various presence of an ASD, a patent ductus arteriosus and a
LVOT obstruction.

An indexed LV mass of 35 G/m2 was taken as the inferior
limit to indicate LV retraining in the majority of the
patients. The median LV mass was 28 G/m2 ranging from
12 to 33 G/m2 (Fig. 1). Eight patients had a LV mass less
than 20 G/m2.

The median age at palliation was 3.2 months ranging
from 9 days to 8 months. Seventeen patients were older
than 3 weeks. Two patients were less than 2 weeks: both
had reduced LV mass, respectively 16 and 20 G/m2. Three
other patients were seen early but the arterial switch was
postponed because of perinatal complications including:
one meningal hemorrhage, one lung infection and one pre-
sternal burn. Two patients, one with a relatively large
muscular VSD and another one with multiple muscular
VSD were seen at a time when the VSD were virtually
closed and when the LV mass had severely decreased.

All patients had a right to left bulging of the inter-ventri-

cular septum with a ‘banana’ LV shape at 2D echo-cardio-
graphy.

Two patients had some degree of LVOT obstruction with
systolic gradient less than 20 mmHg. All patients had an
ASD that was judged small in 5 patients. Eight patients had
a previous Rashkind septostomy. One patient had a patent
ductus arteriosus.

2.3. First stage

The palliation was conducted through sternotomy in 16
patients and through right thoracotomy in 6 patients. The
systemico-pulmonary shunt was first done using a Gore Tex
shunt including: 15 £ 3:5, 5 £ 4 and 1 £ 5 mm. The shunt
was smaller when the ASD was restricted. Under a FIO2 of
30%, the Goretex shunt was opened and the hemodynamics
stabilized. The pulmonary artery banding was placed distant
to the pulmonary valve. The banding ligature was attached
to the pulmonary trunk adventicial tissue. It was loosely
tighten to obtain a LV/RV systolic pressure ratio between
65 and 75%, in measuring the LV pressure by direct punc-
tion. The anterior pericardium was respected and it was then
partially closed.

Inotropic support was always required, including
variously: Dopamine, Milrinone, Adrenaline. It was based
on the LV function evaluated on repeated surface echocar-
diography.

2.4. Results first stage

The post operative course of the patients, following the
first stage was associated with a significant morbidity, in
relation with the LV adaptation. The sudden increase of
the LV afterload, of the parietal wall stress and of the QP/
QS creates in the majority of the patients a significant LV
dysfunction that can be severe leading to a stunning of the
LV with the only RV contracting, comparable to a single
ventricle circulation. Two third of the patients showed a
severely decreased LV shortening fraction less than 20%.
In four patients it was required to leave the sternum opened.

One patient died from a severe mediastinitis.
In two patients, the LV retraining was stopped because of

untractable LV failure. One patient had a Senning in the
following weeks. The other patient, who exhibited a bi-
ventricular stunning, had an emergency switch followed
by 5 days of ECMO. These two patients survived these
procedures.

Six patients required to be reoperated in the immediate
post operative course for four shunt revision and three PA
banding judged too tight. More recently, the respect of a
LV/RV ratio around 65% to loosely tight the banding was
associated with a stable hemodynamic.

2.5. Second stage

The arterial switch was performed when the LV mass,
evaluated at repeated echocardiography, had reached 50

F. Lacour-Gayet et al. / European Journal of Cardio-thoracic Surgery 20 (2001) 824–829 825

Table 1
LV Mass (ASE)¼ 1.04 * (LVED d 1 LVPW d1 IVS d)3 2 LVED d3a

Indexed LV Mass (G/m2 ¼ [0.8 * (LV Mass) to 0.6] / BSA

a LVED d, left ventricle end diastolic diameter; LVPW d, left ventricle
posterior wall thickness; IVS d, left ventricle interventricular thickness;
ASE, American Society of Echography.

Lacour-Gayet 2001
Sarrris et al. City 2017



Vaisseaux parallèles: grand axe



TGV en souscostal: vaisseaux parallèles
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CIA post-RSK



Canal artériel



Congruence aortopulmonaire



Position en D-TGV: aorte ant/AP post
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Alignement commissural
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Coronaires Type A: CG



Coronaires Type A: CD



TGV avec CIV d’outlet
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• « normale » : 60%

• boucle antérieure et/ou postérieure : 35%

• entre gros vaisseaux (intramurale) : 5%

Anatomie coronaire



Les lésions coronaires après switch artériel

Comment les détecter?

ECG et échographie (IM!!!)
Coroscanner si signe d’ischémie

Coronarographie si doute
Test d’ischémie (scintigraphie)

Coroscanner systématique à 5 ans

Que faire ?

Rappeler votre chirurgien…



Devenir



Mortalité postopératoire

• TGV simple: 1-5%
• TGV + CIV: 3-6%
• TGV+CIV+ Coa: 6-10%    

Figure 5. Neonatal ASO and postoperative mortality
Data from the PCCC registry.
ASO=arterial switch operation; D-TGA=d-transposition of the great arteries; 
PCCC=pediatric cardiac care consortium.

Villafañe et al. Page 27

J Am Coll Cardiol. Author manuscript; available in PMC 2015 August 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fricke et al. 2012
Villafane JACC 2014

FdR de décès:
Anatomie coronaire 
complexe

Villafane JACC 2014

NIH-PA Author ManuscriptNIH-PA Author ManuscriptNIH-PA Author Manuscript

V
illafañe et al.

P
age 29

TABLE 2

Outcome and predictors of early mortality of the arterial switch operation for TGA with IVS publications during the last decade.

Author, year Inclusive years n % IVS Early 
Survival For 
TGA IVS %

5 Year Survival% 10 Year Survival% Coronary anatomic risk 
factors

Other predictors of early mortality

Sarris, 2006* 1998–2000 613 70 97 NA NA Single coronary (univariate 
analysis only)

Open sternum

Lalezari, 2011 1977–2007 332 60.8 88.6 85.8† 85.2† Not a risk factor for early 
mortality

Technical problems with coronary transfer

Fricke, 2012 1983–2009 618 64 98.2 98 97 Not a risk factor for early 
mortality

Weight < 2.5 kg ECMO

Khairy, 2013 1983–1999 400 59.5 93.5† NA 92.7† Single right coronary 
artery

Postoperative heart failure

Cain, 2014 2000–2011 70 100 98.6 NA NA None identified No predictors of early mortality but earlier 
repair < 4 days of age was associated with 

decrease resource utilization

Anderson, 2014 2003–2012 140 75 98.6 NA NA None identified No predictors of early mortality but earlier 
repair < 4 days of age was associated with 

decrease resource utilization

*Multicenter study of early results only from the European Congenital Heart Surgeons Association.

†Results include outcome of all patients undergoing the arterial switch operation and are not confined to those with intact ventricular septum.

ECMO = extracorporeal membrane oxygenation; IVS = intact ventricular septum; TGA = transposition of the great arteries with intact septum.
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Morbidité du switch artériel

• Coronaires 
• Coronaire intra-murale
• Coronaire unique

• Voie droite (patch et Lecompte)
• IA sur néo-valve aortique, dilation Ao

• HTAP primitive: 
• 1/200 TGV soit 100 fois plus fréquente que 

dans la population générale
• Étiologie inconnue
• Traitement médical………Potts



Switch artériel entre 1988-1999





June 11, 2019 Circulation. 2019;139:2728–2738. DOI: 10.1161/CIRCULATIONAHA.118.0374952728

Editorial, see p 2739

BACKGROUND: Brain injury, impaired brain growth, and long-term 
neurodevelopmental problems are common in children with transposition of 
the great arteries. We sought to identify clinical risk factors for brain injury 
and poor brain growth in infants with transposition of the great arteries 
undergoing the arterial switch operation, and to examine their relationship 
with neurodevelopmental outcome.

METHODS: The brains of 45 infants with transposition of the great arteries 
undergoing surgical repair were imaged pre- and postoperatively using 
magnetic resonance imaging. Brain weight z scores were calculated based 
on brain volume and autopsy reference data. Brain injury scores were 
determined as previously described. Neurodevelopment was assessed at 18 
months using the Bayley-III scores of infant development. The relationships 
between clinical variables, brain injury, perioperative brain growth, and 
18-month Bayley-III scores were analyzed.

RESULTS: On preoperative imaging, moderate or severe white matter injury 
was present in 10 of 45 patients, whereas stroke was seen in 4 of 45. A similar 
prevalence of injury was seen on postoperative imaging, and we were unable to 
identify any clinical risk factors for brain injury. Brain weight z scores decreased 
perioperatively in 35 of 45 patients. The presence of a ventricular septal defect 
(P=0.009) and older age at surgery (P=0.007) were associated with impaired 
perioperative brain growth. When patients were divided into those undergoing 
surgery during the first 2 weeks of life (32/45) versus those being repaired later 
(13/45), infants repaired later had significantly worse perioperative brain growth 
(late repair postoperative brain weight z = –1.0±0.90 versus early repair z = 
–0.33±0.64; P=0.008). Bayley-III testing scores fell within the normal range for 
all patients, although age at repair (P=0.03) and days of open chest (P=0.03) 
were associated with a lower composite language score, and length of stay was 
associated with a lower composite cognitive score (P=0.02).

CONCLUSIONS: Surgery beyond 2 weeks of age is associated with impaired 
brain growth and slower language development in infants with transposition 
of the great arteries cared for at our center. Although the mechanisms 
underlying this association are still unclear, extended periods of cyanosis 
and pulmonary overcirculation may adversely impact brain growth and 
subsequent neurodevelopment. © 2019 American Heart Association, Inc.
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the  other 13 patients (29%) with a median age of 17 
(14–54) days. There were no significant differences in 
any of the clinical variables between the 2 groups, with 
the exception of hospital length of stay, which was lon-
ger in the late repair group. 6 of 32 (19%) patients in 
the early repair group had a VSD versus 5 of 13 (38%) 
in the late repair group (Table 1). There were no other 
clinical variables associated with older age at surgery.

Associations Between Age at Surgery 
and Brain Growth
We compared brain growth in the early and late repair 
groups defined above. The mean preoperative brain 
weight z scores were not statistically different between 
the 2 repair groups, with a median brain weight z score 
of –0.1 (–0.68 to 0.66) in the early repair group and 
–0.3 (–0.95 to 0.64) in the late repair group (P=0.57). 
However, postoperative brain weight z scores were sig-
nificantly lower in those repaired >13 days. The early 
repair group had a median postoperative brain weight 
z score of –0.4 (–1.7 to 0.91), whereas the late repair 
group had a median z score of –0.8 (–3.1 to 0.37) 
(P=0.008) (Figure  3A). Similarly, the change in brain 
weight z score between the pre- and postoperative 
scans was significantly greater in the late repair group 
with a mean change in z score of –0.26±0.51 in the 
early repair group and –0.85±0.70 in the late repair 
group (P=0.003) (Figure 3B).

Postoperative body weight z scores were signifi-
cantly lower in the late repair group in comparison 
with the early repair group. The mean postoperative 
body weight z score for the early repair group was 
–1.2±0.95 and –1.9±1.3 for the late repair group. 
There was no difference in brain–to–body weight ra-
tio between the 2 groups (early repair=0.11±0.02 ver-
sus late repair=0.12±0.02). Change in body weight z 
score trended toward an inverse correlation with age 

at  surgery, although this did not reach statistical signifi-
cance (R2=0.05, P=0.14).

Neurodevelopment
Twenty-four patients (18 from the early repair group 
and 6 from the late repair group) returned for the Bay-
ley-III test at 18 months. The mean composite cognitive, 
language, and motor scores were 105±10 (mean score 
percentile of 59), 97±15 (mean score percentile of 44), 
and 104±12 (mean score percentile of 56), respectively. 
A comparison of the early and late repair groups re-
vealed no statistically significant differences in Bayley-III 
scores between the 2 groups. In the early repair group, 
the mean composite scores for cognitive, language, 
and motor categories were 106±9 (mean score percen-
tile of 60), 98±13 (mean score percentile of 43), and 
104±13 (mean score percentile of 56), whereas the 
scores for the late repair group were 100±10 (mean 
percentile of 48), 90±20 (mean percentile of 36), and 
102±12 (mean percentile of 52), respectively (Table 3). 

Figure 3. Brain weight z score comparisons. 
A, Postoperative brain weight z score comparison in the early and late repair groups and in those with TGA/IVS and TGA/VSD. B, Change in brain weight z score 
between pre- and postoperative scans in early and late repair groups and in those with TGA/IVS and TGA/VSD. IVS indicates intact ventricular septum; TGA, trans-
position of the great arteries; and VSD, ventricular septal defect.

Figure 4. Frequency distribution of age at surgery. 
IVS indicates intact ventricular septum; TGA, transposition of the great arter-
ies; and VSD, ventricular septal defect.
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When analyzing for possible predictors of neurode-
velopmental outcome, we found that age at surgery 
(R2=0.21, P=0.03) and days of open chest (R2=0.21, 
P=0.03) were associated with lower language scores, 
whereas the length of stay (R2=0.22, P=0.02) was as-
sociated with lower cognitive scores on the Bayley-III 
(Figure 5). When patients with preoperative complica-
tions (ECMO or NEC) were excluded from the analysis, 
the inverse relationship between age at surgery and 
language development remained significant (R2=0.18, 
P=0.05). Composite cognitive scores were lower in the 
late repair group, although this did not reach statisti-
cal significance (P=0.13). There was no correlation be-
tween brain weight z score and neurodevelopmental 
outcome.

DISCUSSION
The main new findings of our study are the associa-
tions between older age at repair and the presence 
of a VSD with impaired perioperative brain growth in 
infants with TGA. Older age at repair was also asso-
ciated with slower language development. In humans 
developing under normal conditions, the early weeks 
of postnatal life coincide with the maximal rate of 
brain growth and development and may represent a 
period of special vulnerability to the consequences of 
nutritional growth restriction.22 Abnormalities of adult 
brain structure and function have been produced in 
animal models by modest growth restriction during this 
brain spurt.23 Chronic hypoxemia at this stage results 
in hypomyelination attributable to the arrest of preoli-
godendrocyte maturation and reduced cortical growth 
associated with diminished populations of neural stem 
cells.24–27 Similar findings have been observed in human 
newborns with congenital heart disease (CHD) at au-
topsy and on brain-imaging studies.27–30 Impaired brain 
growth persists into infancy in patients following repair 
of TGA, when reductions in white matter volume are 
associated with delayed speech.9,31 Suboptimal brain 
growth has been associated with poor neurodevelop-
mental outcomes in children undergoing staged pal-
liation of single-ventricle cardiac malformations, and 
brain volume correlates with cognitive function in ado-
lescents following biventricular repairs in neonates with 
CHD.8,32 Previous studies in newborns with TGA and 
hypoplastic left heart syndrome have demonstrated an 

increased risk of white matter injury with increasing in-
tervals between birth and surgery.13,33 Our observation 
of an association between older age at arterial switch 
and impaired perioperative brain growth would also 
appear to support the hypothesis that early repair could 
represent a neuroprotective strategy in neonates with 

Table 3. Bayley-III Composite Scores

Composite 
Score Early Repair Late Repair P Value

Cognitive 106±9 100±10 0.13

Language 98±13 90±20 0.50

Motor 104±13 102±12 0.76

Bayley-III scores in early vs late repair groups.

Figure 5.  Linear regression of Bayley-III scores with clinical predictor 
variables.  
A and B, Composite language scores were negatively correlated with age at 
surgery (A) and days of open chest (B). C, Composite cognitive scores were 
negatively correlated with length of stay.
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velopmental outcome, we found that age at surgery 
(R2=0.21, P=0.03) and days of open chest (R2=0.21, 
P=0.03) were associated with lower language scores, 
whereas the length of stay (R2=0.22, P=0.02) was as-
sociated with lower cognitive scores on the Bayley-III 
(Figure 5). When patients with preoperative complica-
tions (ECMO or NEC) were excluded from the analysis, 
the inverse relationship between age at surgery and 
language development remained significant (R2=0.18, 
P=0.05). Composite cognitive scores were lower in the 
late repair group, although this did not reach statisti-
cal significance (P=0.13). There was no correlation be-
tween brain weight z score and neurodevelopmental 
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DISCUSSION
The main new findings of our study are the associa-
tions between older age at repair and the presence 
of a VSD with impaired perioperative brain growth in 
infants with TGA. Older age at repair was also asso-
ciated with slower language development. In humans 
developing under normal conditions, the early weeks 
of postnatal life coincide with the maximal rate of 
brain growth and development and may represent a 
period of special vulnerability to the consequences of 
nutritional growth restriction.22 Abnormalities of adult 
brain structure and function have been produced in 
animal models by modest growth restriction during this 
brain spurt.23 Chronic hypoxemia at this stage results 
in hypomyelination attributable to the arrest of preoli-
godendrocyte maturation and reduced cortical growth 
associated with diminished populations of neural stem 
cells.24–27 Similar findings have been observed in human 
newborns with congenital heart disease (CHD) at au-
topsy and on brain-imaging studies.27–30 Impaired brain 
growth persists into infancy in patients following repair 
of TGA, when reductions in white matter volume are 
associated with delayed speech.9,31 Suboptimal brain 
growth has been associated with poor neurodevelop-
mental outcomes in children undergoing staged pal-
liation of single-ventricle cardiac malformations, and 
brain volume correlates with cognitive function in ado-
lescents following biventricular repairs in neonates with 
CHD.8,32 Previous studies in newborns with TGA and 
hypoplastic left heart syndrome have demonstrated an 

increased risk of white matter injury with increasing in-
tervals between birth and surgery.13,33 Our observation 
of an association between older age at arterial switch 
and impaired perioperative brain growth would also 
appear to support the hypothesis that early repair could 
represent a neuroprotective strategy in neonates with 
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the  other 13 patients (29%) with a median age of 17 
(14–54) days. There were no significant differences in 
any of the clinical variables between the 2 groups, with 
the exception of hospital length of stay, which was lon-
ger in the late repair group. 6 of 32 (19%) patients in 
the early repair group had a VSD versus 5 of 13 (38%) 
in the late repair group (Table 1). There were no other 
clinical variables associated with older age at surgery.

Associations Between Age at Surgery 
and Brain Growth
We compared brain growth in the early and late repair 
groups defined above. The mean preoperative brain 
weight z scores were not statistically different between 
the 2 repair groups, with a median brain weight z score 
of –0.1 (–0.68 to 0.66) in the early repair group and 
–0.3 (–0.95 to 0.64) in the late repair group (P=0.57). 
However, postoperative brain weight z scores were sig-
nificantly lower in those repaired >13 days. The early 
repair group had a median postoperative brain weight 
z score of –0.4 (–1.7 to 0.91), whereas the late repair 
group had a median z score of –0.8 (–3.1 to 0.37) 
(P=0.008) (Figure  3A). Similarly, the change in brain 
weight z score between the pre- and postoperative 
scans was significantly greater in the late repair group 
with a mean change in z score of –0.26±0.51 in the 
early repair group and –0.85±0.70 in the late repair 
group (P=0.003) (Figure 3B).

Postoperative body weight z scores were signifi-
cantly lower in the late repair group in comparison 
with the early repair group. The mean postoperative 
body weight z score for the early repair group was 
–1.2±0.95 and –1.9±1.3 for the late repair group. 
There was no difference in brain–to–body weight ra-
tio between the 2 groups (early repair=0.11±0.02 ver-
sus late repair=0.12±0.02). Change in body weight z 
score trended toward an inverse correlation with age 

at  surgery, although this did not reach statistical signifi-
cance (R2=0.05, P=0.14).

Neurodevelopment
Twenty-four patients (18 from the early repair group 
and 6 from the late repair group) returned for the Bay-
ley-III test at 18 months. The mean composite cognitive, 
language, and motor scores were 105±10 (mean score 
percentile of 59), 97±15 (mean score percentile of 44), 
and 104±12 (mean score percentile of 56), respectively. 
A comparison of the early and late repair groups re-
vealed no statistically significant differences in Bayley-III 
scores between the 2 groups. In the early repair group, 
the mean composite scores for cognitive, language, 
and motor categories were 106±9 (mean score percen-
tile of 60), 98±13 (mean score percentile of 43), and 
104±13 (mean score percentile of 56), whereas the 
scores for the late repair group were 100±10 (mean 
percentile of 48), 90±20 (mean percentile of 36), and 
102±12 (mean percentile of 52), respectively (Table 3). 

Figure 3. Brain weight z score comparisons. 
A, Postoperative brain weight z score comparison in the early and late repair groups and in those with TGA/IVS and TGA/VSD. B, Change in brain weight z score 
between pre- and postoperative scans in early and late repair groups and in those with TGA/IVS and TGA/VSD. IVS indicates intact ventricular septum; TGA, trans-
position of the great arteries; and VSD, ventricular septal defect.

Figure 4. Frequency distribution of age at surgery. 
IVS indicates intact ventricular septum; TGA, transposition of the great arter-
ies; and VSD, ventricular septal defect.
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When analyzing for possible predictors of neurode-
velopmental outcome, we found that age at surgery 
(R2=0.21, P=0.03) and days of open chest (R2=0.21, 
P=0.03) were associated with lower language scores, 
whereas the length of stay (R2=0.22, P=0.02) was as-
sociated with lower cognitive scores on the Bayley-III 
(Figure 5). When patients with preoperative complica-
tions (ECMO or NEC) were excluded from the analysis, 
the inverse relationship between age at surgery and 
language development remained significant (R2=0.18, 
P=0.05). Composite cognitive scores were lower in the 
late repair group, although this did not reach statisti-
cal significance (P=0.13). There was no correlation be-
tween brain weight z score and neurodevelopmental 
outcome.
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The main new findings of our study are the associa-
tions between older age at repair and the presence 
of a VSD with impaired perioperative brain growth in 
infants with TGA. Older age at repair was also asso-
ciated with slower language development. In humans 
developing under normal conditions, the early weeks 
of postnatal life coincide with the maximal rate of 
brain growth and development and may represent a 
period of special vulnerability to the consequences of 
nutritional growth restriction.22 Abnormalities of adult 
brain structure and function have been produced in 
animal models by modest growth restriction during this 
brain spurt.23 Chronic hypoxemia at this stage results 
in hypomyelination attributable to the arrest of preoli-
godendrocyte maturation and reduced cortical growth 
associated with diminished populations of neural stem 
cells.24–27 Similar findings have been observed in human 
newborns with congenital heart disease (CHD) at au-
topsy and on brain-imaging studies.27–30 Impaired brain 
growth persists into infancy in patients following repair 
of TGA, when reductions in white matter volume are 
associated with delayed speech.9,31 Suboptimal brain 
growth has been associated with poor neurodevelop-
mental outcomes in children undergoing staged pal-
liation of single-ventricle cardiac malformations, and 
brain volume correlates with cognitive function in ado-
lescents following biventricular repairs in neonates with 
CHD.8,32 Previous studies in newborns with TGA and 
hypoplastic left heart syndrome have demonstrated an 

increased risk of white matter injury with increasing in-
tervals between birth and surgery.13,33 Our observation 
of an association between older age at arterial switch 
and impaired perioperative brain growth would also 
appear to support the hypothesis that early repair could 
represent a neuroprotective strategy in neonates with 
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Devenir neurodevelopmental
• TGV= une des cardiopathies le mieux exploré en 

neuropsychologie
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FIGURE 1 | Neuropsychological and psychiatric issues in dextro-transposition of the great arteries (D-TGA) by age group and suggested 
interventions.
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results between cardiac diagnoses showed that psychological 
outcomes were worse among adults with cyanotic or complex 
CHD than among adults with acyanotic or mild CHD (41, 57, 
58). Findings from mixed cohorts of adults with CHD show high 
rates of psychiatric disorders (59–62), with about 30% meeting 
diagnostic criteria for at least one lifetime mood disorder (i.e., 
major depressive disorder, bipolar disorder, etc.), and 26–28% 
for at least one anxiety disorder (i.e., generalized anxiety, social 
phobia, etc.) (61, 62). Findings on the frequency and severity 
of current anxiety-depressive symptoms assessed by self-report 
are mixed. Some studies found high symptomatology in adults 
with CHD (59, 61, 63–65), whereas others did not (66–72). 
According to several authors (60, 71–74), denial mechanisms or 
coping strategies are frequently used by CHD patients and could 
contribute to the favorable psychological outcomes sometimes 
suggested by self-assessments.

Many CHD patients with psychiatric disorders appear not to 
receive adequate treatment. Kovacs et al. (61) found that 69% of 
patients with a mood or anxiety disorder did not receive psy-
chotherapy or psychotropic drugs. Other studies report that only 
11–12% of patients receive psychological counseling, despite high 
rates of anxiety-depressive syndromes (62, 64). In adults with 
CHD, presence of a high depressive or anxiety symptomatology 
is associated with higher rates of unemployment (64), lower 
quality of life (QoL) (62, 64, 68), greater consumption of tobacco 
and alcohol (75), poorer adherence to treatment (76), and worse 
cardiac prognosis (65).

In summary, to date, few data are available on the cognitive and 
psychiatric outcomes of d-TGA adults a#er the ASO. Elevated 
risk of attentional and executive impairments and of mood and 
anxiety disorders may be prevalent. More research is needed to 
better understand the long-term cognitive and psychological 
trajectory of these adults and to investigate how cognitive and 

psychiatric disorders in$uence social interactions, employability, 
and achievement.

FUTURES AVENUES

Potential Mechanisms for Long-term 
Impairment
%e mechanisms for lifelong cognitive and psychosocial dif-
&culties in CHD are multifactorial. Early cognitive de&cits play 
a decisive role (7). In children with d-TGA, lower full-scale 
IQ is associated with lower parent-reported psychosocial QoL 
(77). Moreover, as reported in other pediatric populations, 
such as children born preterm (78), a cascade of e'ects may be 
observed, where early de&cits mediate the expression of new 
symptoms and/or the worsening of pre-existing impairments. In 
children with d-TGA, Calderon et al. (25) showed that de&cits on 
some aspects of executive functioning (i.e., cognitive $exibility) 
became worse between the ages of 5 and 7, whereas more basic 
processes (e.g., motor control) tended to catch-up. Interestingly, 
Cassidy et  al. (22) reported that reading and math di(culties 
of adolescents with d-TGA at age 16 were predicted by de&cits 
in processing speed and executive function at age 8. Indeed, 
executive function de&cits and di(culties in other key areas of 
neurodevelopment are o#en comorbid. In d-TGA, poor working 
memory adversely impacted children’s language comprehension 
and mathematic skills (13) and poor inhibitory control was 
associated with de&cits in social cognition (24). %ese weak-
nesses might result in more severe dysfunction as expectations 
increase with age. Patients with these cognitive challenges may 
&nd establishing and maintaining social relationships di(cult, 
especially in adolescence and adulthood (20). Peer interactions 
and social cues (e.g., body language, irony, sarcasm) become 


