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FIGURE 2
Schematic view

Schematic view of the fetoscopic approach of the fetal esophagus for in utero pacing.
Stirnemann. Successful IUTP for severe drug-resistant tachyarrhythmia. Am J Obstet Gynecol 2018.
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•  Intérêt d’un bilan extracardiaque 
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• Cardiopathies et anomalies extracardiaques 
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• Cardiopathies et anomalies génétiques 



Les anomalies extracardiaques aggravent 
considérablement le pronostic global 
postnatal  334  M.  Bensemlali  et  al.

Figure 2. Actuarial survival curve of associated and isolated con-
genital heart disease (CHD). Purple line: survival of isolated CHD;
Green line: survival of associated CHD with a major extracardiac
anomaly.

identified  ECMs  were  polymalformative  non-identified  syn-
dromes,  which  included  at  least  two  organ  systems.  The
most  frequent  organ  systems  involved  were  neurological  and
gastrointestinal.  Egbe  et  al.  recently  reported  an  up-to-
date  large  series  describing  the  prevalence  and  association
between  ECMs,  genetic  syndromes  and  CHD  [2]; they  found
a  similar  proportion  of  ECMs  (11.4%),  but  a  smaller  propor-
tion  of  genetic  syndromes  (2.2%)  and  a  strong  association
between  CHD  and  overall  ECM.  However,  contrary  to  our
findings  and  those  of  previous  studies  [3],  they  did  not  find
a  strong  association  between  CHD  and  neurological  or  gas-
trointestinal  anomalies.

We  showed  in  this  study  that  extracardiac  anomalies,
including  cytogenetic  anomalies  and  ECMs,  strongly  influ-
ence  parental  decision  to  terminate  pregnancy  or  to  choose
neonatal  CC.  In  addition,  the  death  rate  in  children  born
alive  was  higher  when  the  CHD  was  associated  with  extra-
cardiac  anomalies.  We  also  showed  that  these  associations

Table  2  Cytogenetic  anomalies.

TOP  (n)  Live
birthsa (n)

Total
(n)

Di  George  syndrome
(22q11  deletion  and
variants)

51  17  68

Down  syndrome  (T21) 35  9  44
Edwards  syndrome  (T18) 18  1  19
Turner  syndrome  (45X) 5  4  9
Charge  syndrome  6  2  8
Patau  syndrome  (T13)  5  1  6
Trisomy  X  4  0  4
Tuberous  sclerosis  (TSC2)  1  1  2
Holt-Oram  syndrome

(TBX5)
1  1  2

CDG  syndrome  0  2  2
Trisomy  16  2  0  2
Noonan  syndrome  0  1  1
Mowat-Wilson  syndrome  0  1  1
Klienfelter  syndrome

(XXY)
0  1  1

Marfan  syndrome  0  1  1
Kabuki  syndrome  0  1  1
Alagille  syndrome  0  1  1
Fragile  X  syndrome  0  1  1
Williams  syndrome  1  0  1
Other  genetic

translocations  and
deletions

17  9  26

Total  146  54  200

CDG: congenital disorder of glycosylation; TOP: termination of
pregnancy.
a Including compassionate care and active care.

were  independent  of  the  severity  of  the  CHD,  represented  by
defects  unsuitable  for  biventricular  repair.  Our  results  were
consistent  with  those  of  previous  studies  [15,17,19,20].
Russo  et  al.  showed  that  termination  of  pregnancy  was

Table  3  Effect  of  extracardiac  anomalies  and  ventricular  physiology  on  parental  choice  of  termination  of  pregnancy  or
compassionate  care.

TOP  +  CCa Live  births
with  active
carea

Univariate  analysisb Multivariable  analysisc

OR  95%  CI  P  OR  95%  CI  P

ECMsd 143  (16.7)  96  (8.1)  2.3  (1.7—3)  <  0.001  —  —  —
CAsd 150  (17.5)  50  (4.2)  4.8  (3.4—6.7)  <  0.001  11.7  (8—17)  <  0.001
ECMs  without  CAd 122  (14.2)  56  (4.7)  3.3  (2.4—4.6)  <  0.001  7  (4.7—10.5)  <  0.001
Univentricular  physiologye 470  (58.4)  154  (15.0)  8.4  (6.8—10.5)  <  0.001  13.2  (10.3—16.9)  <  0.001

CA: cytogenetic anomaly; CC: compassionate care; CI: confidence interval; ECM: extracardiac malformation; OR: odds ratio; TOP:
termination of pregnancy.
a Data are expressed as number (%).
b !2 test.
c Logistic binary regression.
d Known before birth.
e Excluding non-structural congenital heart disease.
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Quel est l’intérêt d’un bilan extracardiaque 
prénatal ? 
Deux situations cliniques en pratique: 

1.  Le cœur est malade/malformé: recherche des 
malformations extracardiaques associées qui 
aggravent/compliquent la prise en charge postnatale 

2.  Un autre organ est malformé: recherche d’une atteinte 
cardiaque associée 

Objectif: Exclure ou identifier un syndrome polymalformatif 
ou éventuel maladie génétique chez le fœtus atteint 



Malformation fœtale isolée ou syndrome 
polymalformatif ? 
Conduite à tenir en pratique 

•  Adressage pour PEC dans un CPDPN 

•  Echographie fœtale globale par un échographiste référent 

•  Echocardiographie fœtale par un cardiopédiatre spécialisé 

•  Proposition de recherche génétique (amniocentèse avec CGH-
Array) quasiment systématique 

•  Discussion de l’intérêt d’une IRM fœtale vers 32 SA (recherche 
d’éléments en faveur d’une association CHARGE: présence ou 
absence des canaux semi-circulaires) 



CARDIOPATHIE ET 
MALFORMATION 
EXTRACARDIAQUE 

Impact prénatal 
Impact postnatal 
Exemples particuliers 



Un problème courant 
Genetic  syndromes  and  extracardiac  malformations  in  CHD  333

Table  1  Distribution  of  extracardiac  anomalies  in  congenital  heart  disease.

Total  Overall
ECAs

Isolated
CAs

ECMs  ECMs
without
CA

ECMs
with CA

Isolated
CHD

Heterotaxy,  including
isomerism  and
mirror-imagery

69 22  (31.9)  1  22  21  1  38  (55.1)

Anomalies  of  the  venous
return

27 5  (18.5)  2  3  3  0  20  (74.1)

Anomalies  of  the  atria  and
interatrial  communications

5  1  (20)  1  1  0  1  3  (60)

Anomalies  of  the
atrioventricular  junctions
and  valves

156  60  (38.5)  40  30  20  10  89  (57)

Complex  anomalies  of
atrioventricular
connections

52  2  (3.8)  1  1  1  0  46  (88.5)

Functionally  univentricular
hearts

467  39  (8.4)  18  25  21  4  415  (88.9)

Ventricular  septal  defects  55  22  (40)  14  12  8  4  29  (52.7)
Anomalies  of  the  ventricular

outflow  tracts
809 126  (15.6)  82  69  44  25  650  (80.3)

Anomalies  of  the
extrapericardial  arterial
trunks

243 62  (25.5)  36  40  26  14  172  (70.8)

Congenital  anomalies  of  the
coronary  arteries

2 0  (0)  0  0  0  0  2  (100)

Cardiomyopathy  31  12  (38.7)  3  10  9  1  17  (54.8)
Atrioventricular  block  39  1  (2.6)  0  1  1  0  38  (97.4)
Arrhythmia  31  1  (3.2)  0  1  1  0  30  (96.8)
Tumor  45  25  (55.6)  2  24  23  1  18  (40)
Ventricular  diverticulum  or

aneurysm
5  0  (0)  0  0  0  0  5  (100)

Total 2036  378  (18.6)  200  (9.8)  239
(11.7)

178 (8.7)  61  (3)  1572  (77.2)

Data are expressed as number or number (%). CA: cytogenetic anomaly; CHD: congenital heart disease; ECA: extracardiac anomaly
(CA+ECM); ECM: extracardiac malformation.

Figure 1. Type of non-extracardiac malformation (without cytogenetic anomaly). Polymalformative identified syndromes are known asso-
ciations, such as VACTERL or CHARGE, without cytogenetic confirmation; polymalformative non-identified syndromes involve two  organ
systems. TOP: termination of pregnancy.
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12 % avaient une malformation extracardiaque 

Total n= 2036 
TOP n= 738 (39%) 
 



Répartition des anomalies extracardiaques 
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CHD
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Figure 1. Type of non-extracardiac malformation (without cytogenetic anomaly). Polymalformative identified syndromes are known asso-
ciations, such as VACTERL or CHARGE, without cytogenetic confirmation; polymalformative non-identified syndromes involve two  organ
systems. TOP: termination of pregnancy.
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Total n= 2036 
TOP n= 738 (39%) 
 



Cardiopathies et anomalies 
extracardiaques malformatives 
 
 
Association avec au moins une autre malformation: 
•  TGV:     8 % 
•  Fallot:     29% 
• Hypoplasie du cœur gauche:  20% 
• Coarctation de l’aorte:   17% 

 

Registre des malformations congénitales de Paris 



Cardiopathies et anomalies 
extracardiaques 554 Song et al.

Table 1 Incidence of extracardiac abnormalities (ECA) and chromosomal abnormalities (CA) found in 379 fetuses diagnosed with
congenital heart defects (CHD): comparison of our findings in Toronto with those of the Italian Society of Pediatric Cardiology (ISPC) Fetal
Cardiology Study Group10, the Berlin study11 and a neonatal series of the Baltimore-Washington Infant Study (BWIS)4

Toronto
ISPC: Berlin: BWIS*:

Congenital heart defect
Isolated CHD

(% (n))

With ECA,
without CA

(% (n))

With ECA,
with CA
(% (n))

Without ECA,
with CA
(% (n))

With ECA
without [with] CA

(%)

With ECA
without [with] CA

(%)

With ECA,
without CA

(%)

AVSD 20.5 (8) 15.4 (6) 27.7 (10) 38.5 (15) 13.8 [47.1] 19.1 [61.9] 24.5
Heterotaxy 55.8 (24) 44.2 (19) 0 0 NA NA NA
Single ventricle 61.1 (11) 38.9 (7) 0 0 17.8 [6.7] 0 NA
HLHS 62.8 (49) 26.3 (21) 3.9 (3) 6.4 (5) 10.9 [4.2] 28.6 [9.5] 9.1
Tricuspid atresia 60 (12) 30 (6) 10 (2) 0 34.3 [8.6] 50 [0] 9.1
Tetralogy of Fallot 42.9 (15) 26.8 (9) 24.4 (8) 8.6 (3) 25 [26.7] 25 [50] 22.5
DORV 41.7 (10) 25 (6) 33.3 (8) 0 19.3 [45.2] 40 [33.3] 28.0
Truncus arteriosus 18.2 (2) 18.2 (2) 36.4 (4) 27.3 (3) 21.4 [28.6] 50 [25] 39.6
D-TGA 83.3 (10) 16.7 (2) 0 0 25.6 [2.6] 20 [0] 7.8
L-TGA 100 (9) 0 0 0 5.6 [0] NA NA
TVD 70.6 (12) 17.6 (3) 5.9 (1) 5.9 (1) 6.25 [6.25] NA 16
Coarctation of the aorta 44 (11) 20.0 (5) 20.0 (5) 16 (4) 12.5 [20.8] 57.1 [42.9] 3.5
Aortic stenosis 83.3 (10) 7.7 (1) 7.7 (1) 0 13 [17.4] 0 [20] 9.0
PS/PA with IVS 70.0 (21) 13.3 (4) 6.7 (2) 10 (3) 25.9 [3.7] 0 [0] 6.8
APVC 100 (3) 0 0 0 NA NA 21.0
Aortopulmonary window 100 (1) 0 0 0 NA NA 0
Vascular ring 0 0 100 (2) 0 NA NA NA
Total 55 (208) 24.1 (91) 13 (46) 9 (34) 19.1 [19.6] 65.9 13.5

Values represent percent of total number of fetuses with complete data that had a given CHD with/without ECA or CA. Three fetuses with
ectopia cordis and no structural heart disease were excluded from the table. *BWIS does not separate out patients with 22q11.2 deletion.
APVC, anomalous pulmonary venous connection; AVSD, atrioventricular septal defect; DORV, double outlet right ventricle; HLHS,
hypoplastic left heart syndrome; NA, data not available; PS/PA with IVS, pulmonary stenosis or atresia with intact ventricular septum;
TGA, transposition of the great arteries; TVD, tricuspid valve dysplasia (including Ebstein’s anomaly).

gestation in five (1%), family history of congenital heart
disease in three (0.6%), intrauterine growth restriction
in three (0.6%), choroid plexus cyst in two (0.4%) and
maternal diabetes mellitus in two (0.4%).

Of the 491 fetuses, 382 had complete prenatal and
postnatal and/or postmortem data available for review.
In 212 (55.5%) of these 382 cases, the heart defect was
isolated (no extracardiac or chromosomal abnormalities
detected at autopsy or postnatal assessment or on
chromosomal analysis).

Extracardiac abnormalities in fetal CHD

Table 1 summarizes the incidence of extracardiac abnor-
malities observed among the different categories of CHD
with comparison to previously published prenatal10,11 and
postnatal4 series. Of the 382 fetuses with complete data,
there were 141 (36.9%) fetuses with a total of 289 major
extracardiac abnormalities at autopsy or postnatal exam,
of which 46 fetuses had a chromosomal abnormality while
95 did not. In the 141 cases of CHD in which extracardiac
abnormalities were present, there was a single extracar-
diac abnormality in 63 (44.7%) (14 with chromosomal
abnormalities) and two or more extracardiac abnormali-
ties in 78 (55.3%) (23 with chromosomal abnormalities).
Four fetuses had ectopia cordis of which three with-
out intracardiac pathology were excluded from several
tables. Associated anomalies in the three cases included:

diaphragmatic hernia only in one; cleft lip and palate, syn-
dactyly, omphalocele, intestinal malrotation and horse-
shoe kidney in one; and omphlocele only in one. None of
the four had a chromosomal abnormality. Among fetuses
without chromosomal abnormalities, the systems most
often affected included: urogenital (12.2%), gastrointesti-
nal including abdominal wall defects (11.6%), skeletal
(10.9%), central nervous system including craniofacial
anomalies (10.3%) and respiratory (5.5%) (Table 2).

Of the 289 extracardiac abnormalities, 134 (46.4%)
were not detected prenatally, of which 65 (48.5%) were
not considered detectable by prenatal ultrasound; there-
fore, 23.9% (69/289) of detectable extracardiac abnor-
malities were missed. The specific extracardiac abnor-
malities missed on prenatal ultrasound are described in
Table 3 and the detection rates of associated fetal extrac-
ardiac abnormalities according to organ system are given
in Table 4. While there was no significant improvement
in detection rates of extracardiac abnormalities in the
first versus the second half of the study period (58% in
1990–1995 vs. 53% in 1996–2002), there was a signif-
icant improvement after 2000 (49.5% in 1990–1999 vs.
72.0% in 2000–2002, P < 0.01).

Chromosomal abnormalities in fetal CHD

Of 491 fetuses overall, 334 had chromosomal testing,
(including 285 of the 382 with complete data). The
incidence of chromosomal abnormalities in fetuses with

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2009; 33: 552–559.
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ABSTRACT

Objectives The clinical outcome of prenatally diagnosed
congenital heart defects (CHD) continues to be affected
significantly by associated extracardiac and chromosomal
abnormalities. We sought to: determine the frequency
and type of major extracardiac abnormalities (with
impact on quality of life) and chromosomal abnormalities
associated with fetal CHD; and compare the extracardiac
abnormalities detected prenatally to the postnatal and
autopsy findings in affected fetuses, to find the incidence of
extracardiac abnormalities missed on prenatal ultrasound.

Methods We reviewed the computerized database of the
Division of Cardiology of the Hospital for Sick Children
in Toronto to identify all cases of major CHD detected
prenatally from 1990 to 2002. Medical records, fetal
echocardiograms and ultrasound, cytogenetic and autopsy
reports were reviewed. The types of CHD detected were
grouped into categories and the frequencies of major
extracardiac and chromosomal abnormalities in these
categories were noted. Prenatal ultrasound findings were
compared with those at autopsy or postnatal examination.

Results Of 491 fetuses with major structural CHD, com-
plete data were obtained for 382. Of these, there were
141 (36.9%) with major extracardiac abnormalities at
autopsy or postnatal exam, of which 46 had chromosomal
abnormalities and 95 did not. In the absence of chromo-
somal abnormalities, the organ systems most affected
were urogenital (12.2%) and gastrointestinal (11.6%).

CHDs with the highest incidence of extracardiac abnor-
malities (>25%) included: heterotaxy, single left ventricle
and tricuspid atresia, hypoplastic left heart syndrome
and tetralogy of Fallot. Ninety-four of 334 (28.1%)
fetuses tested had chromosomal abnormalities. The most
common chromosomal abnormalities were trisomies 21
(43.6%), 18 (19.1%) and 13 (9.6%), monosomy X
(7.4%) and 22q11.2 deletion (7.4%). Of 289 extracar-
diac abnormalities from the complete series, 134 (46.4%)
were not identified prenatally. Of the missed extracar-
diac abnormalities, 65 were considered not detectable
at prenatal ultrasound, so 23.9% (69/289) of detectable
extracardiac abnormalities were missed prenatally.

Conclusions Major extracardiac and chromosomal
abnormalities are common in fetuses with major fetal
CHD. Many important associated extracardiac abnor-
malities may be missed prenatally, which should be taken
into consideration in the prenatal counseling for fetal
CHD. Copyright © 2009 ISUOG. Published by John
Wiley & Sons, Ltd.

INTRODUCTION

Congenital heart defects (CHD) are among the most
common malformations in liveborn infants, with an
even higher incidence among fetuses and stillborns1.
CHD detected both prenatally and postnatally are fre-
quently associated with extracardiac and/or chromosomal
abnormalities. These additional abnormalities may have
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Impact prénatal des malformations 
extracardiaques 
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Figure 2. Actuarial survival curve of associated and isolated con-
genital heart disease (CHD). Purple line: survival of isolated CHD;
Green line: survival of associated CHD with a major extracardiac
anomaly.

identified  ECMs  were  polymalformative  non-identified  syn-
dromes,  which  included  at  least  two  organ  systems.  The
most  frequent  organ  systems  involved  were  neurological  and
gastrointestinal.  Egbe  et  al.  recently  reported  an  up-to-
date  large  series  describing  the  prevalence  and  association
between  ECMs,  genetic  syndromes  and  CHD  [2]; they  found
a  similar  proportion  of  ECMs  (11.4%),  but  a smaller  propor-
tion  of  genetic  syndromes  (2.2%)  and  a  strong  association
between  CHD  and  overall  ECM.  However,  contrary  to  our
findings  and  those  of  previous  studies  [3],  they  did  not  find
a  strong  association  between  CHD  and  neurological  or  gas-
trointestinal  anomalies.

We  showed  in  this  study  that  extracardiac  anomalies,
including  cytogenetic  anomalies  and  ECMs,  strongly  influ-
ence  parental  decision  to  terminate  pregnancy  or  to  choose
neonatal  CC.  In  addition,  the  death  rate  in  children  born
alive  was  higher  when  the  CHD  was  associated  with  extra-
cardiac  anomalies.  We  also  showed  that  these  associations
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Trisomy  X  4  0  4
Tuberous  sclerosis  (TSC2)  1  1  2
Holt-Oram  syndrome

(TBX5)
1  1  2

CDG  syndrome  0  2  2
Trisomy  16  2  0  2
Noonan  syndrome  0  1  1
Mowat-Wilson  syndrome  0  1  1
Klienfelter  syndrome

(XXY)
0  1  1

Marfan  syndrome  0  1  1
Kabuki  syndrome  0  1  1
Alagille  syndrome  0  1  1
Fragile  X  syndrome  0  1  1
Williams  syndrome  1  0  1
Other  genetic

translocations  and
deletions

17  9  26

Total  146  54  200

CDG: congenital disorder of glycosylation; TOP: termination of
pregnancy.
a Including compassionate care and active care.

were  independent  of  the  severity  of  the  CHD,  represented  by
defects  unsuitable  for  biventricular  repair.  Our  results  were
consistent  with  those  of  previous  studies  [15,17,19,20].
Russo  et  al.  showed  that  termination  of  pregnancy  was

Table  3  Effect  of  extracardiac  anomalies  and  ventricular  physiology  on  parental  choice  of  termination  of  pregnancy  or
compassionate  care.

TOP  +  CCa Live  births
with  active
carea

Univariate  analysisb Multivariable  analysisc

OR  95%  CI  P  OR  95%  CI  P

ECMsd 143  (16.7)  96  (8.1)  2.3  (1.7—3)  <  0.001  —  —  —
CAsd 150  (17.5)  50  (4.2)  4.8  (3.4—6.7)  <  0.001  11.7  (8—17)  <  0.001
ECMs  without  CAd 122  (14.2)  56  (4.7)  3.3  (2.4—4.6)  <  0.001  7  (4.7—10.5)  <  0.001
Univentricular  physiologye 470  (58.4)  154  (15.0)  8.4  (6.8—10.5)  <  0.001  13.2  (10.3—16.9)  <  0.001

CA: cytogenetic anomaly; CC: compassionate care; CI: confidence interval; ECM: extracardiac malformation; OR: odds ratio; TOP:
termination of pregnancy.
a Data are expressed as number (%).
b !2 test.
c Logistic binary regression.
d Known before birth.
e Excluding non-structural congenital heart disease.

Bensemlali et al. 2016 ACVD 

Augmentation significative du taux d’IMG si cardiopathie congénitale associée  
à une malformation extracardiaque et/ou anomalie chromosomique 

Total n= 2036 
TOP n= 738 (39%) 
 



Impact postnatal des anomalies 
extracardiaques 
•  Complique la prise en charge postnatale 
•  Nécessité d’une hiérarchisation des interventions: 

omphalocèle, hernie, sténose duodénale versus intervention 
cardiaque néonatale 

•  Augmente la morbi-mortilité à court et long terme 

Exemple Fallot et anomalie extracardiaque:  
 

•  Taux de mortalité à 1 an 
•  16% T4F et une autre malformation 
•  19% si deux malformations 
•  39% si  ≥ 3 malformations 
•  Anomalie des yeux: OR 2.83 (95% CI 1.08-7.32) 
•  Anomalie digestive: OR 4.43 (95%CI , 1.57, 12.45),  

Jernigan et al. 2017 



Impact dans des cardiopathies complexes 

Exemple hétérotaxie: Association  d’une cardiopathie 
complexe (VDDI-CAVc) souvent non réparable avec 
• Anomalies du situs abdominal 
• Malrotation intestinale, Volvulus 
• Atrésie de l’œsophage 
• Déficit immunitaire  
• Anomalies cérébrales 

 
Bonne performance du diagnostic prénatal pour la 
cardiopathie mais sensitivité moindre pour les 
anomalies extracardiaques 

Wang et al. 2017 BMC 



Hétérotaxie:  Problème particulier 
• Anomalies extracardiaques: 15-60 % selon les études 

   Gotschalk et al. 2016, Escobar-Diaz et al. 2014, Song et al. 2009 
 

• Diagnostic prénatal très difficile pour certaines 
anomalies: 
•  Malrotation 14.2%   à screening néonatal +++ 
•  Atrésie biliaire 8,0%  à surveillance selles néonatale ++ 

• Mortalité postnatale majoritairement due à la malformation 
cardiaque mais 15% due aux anomalies extracardiaques 
souvent non vues avant la naissance 

Buca DIP et al. Meta-Analysis 2018 

Gottschalk 2016 
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Table 6 Pooled proportions (PP) for prevalence of abnormal perinatal outcome in fetuses diagnosed prenatally with left (LAI) or right (RAI)
atrial isomerism

LAI RAI

Perinatal
outcome

Studies
(n)

Fetuses
(n/N)

PP (95% CI)
(%)

I2

(%)
Studies

(n)
Fetuses
(n/N)

PP (95% CI)
(%)

I2

(%)

Termination of pregnancy 15 99/380 24.79 (14.9–36.2) 76.2 13 77/238 33.46 (22.6–45.3) 63.3
Intrauterine death 15 25/380 6.73 (3.9–10.2) 19.4 13 9/238 4.32 (2.1–7.3) 1.7
Neonatal death 14 34/668 11.12 (6.1–17.3) 50.1 11 36/232 17.55 (8.7–28.7) 69.4
Late death 13 21/365 6.24 (4.0–8.9) 0 11 37/232 14.69 (7.9–23.1) 54.3

Table 7 Pooled proportions (PP) for prevalence of abnormal surgical outcome in fetuses diagnosed prenatally with left (LAI) or right (RAI)
atrial isomerism

LAI RAI

Surgical
outcome

Studies
(n)

Fetuses
(n/N)

PP (95% CI)
(%)

I2

(%)
Studies

(n)
Fetuses
(n/N)

PP (95% CI)
(%)

I2

(%)

Need for surgery 3 82/109 73.43 (44.4–94.3) 82.9 3 41/62 70.06 (20.7–99.6) 93.1
Biventricular repair 2 64/80 78.16 (64.3–89.4) 34.6 2 3/39 7.42 (0.5–33.7) 79.3
Univentricular repair 2 13/80 17.03 (9.7–25.9) 0 2 36/39 92.60 (66.3–99.5) 79.3
Deaths during or after surgery 3 11/82 26.80 (4.6–58.7) 78.3 3 11/41 27.81 (15.5–42.1) 27.0

Figure S5). Surgical intervention for CHD was performed
in 73.4% (95% CI, 44.4–94.3%) of fetuses with LAI that
were born alive. Biventricular repair was accomplished
in 78.2% (95% CI, 64.3–89.4%) of the cases, while
univentricular repair or palliation was required in 17.0%
(95% CI, 9.7–25.9%) of children. Overall, death during
or after surgery occurred in 26.8% (95% CI, 4.6–58.7%)
of cases with LAI (Table 7).

Right atrial isomerism

Associated cardiac anomalies were present in the majority
of fetuses with a prenatal diagnosis of RAI (PP, 97.8%
(95% CI, 95.3–99.4%); I2, 11.9%) (Figure S1). AVSD
was the commonest heart defect, with a prevalence
of 72.9% (95% CI, 60.4–83.7%) in the overall pop-
ulation of fetuses with RAI, while RVOTO and
conotruncal anomalies (mainly DORV) occurred in
67.4% (95% CI, 56.2–77.8%) and 40.1% (95% CI,
28.0–52.8%) of cases, respectively (Table 3). PLSVC and
total anomalous pulmonary venous return were common,
with a prevalence of 41.8% (95% CI, 28.9–55.3%) and
41.9% (95% CI, 28.4–56.0%), respectively. Juxtaposi-
tion of the aorta and IVC, which constitutes one of the
main prenatal diagnostic features of RAI in utero, was
found in 81.5% (95% CI, 59.2–96.2%) of cases, while
interruption of the IVC was less common (PP, 4.9%
(95% CI, 2.6–7.8%)) (Table 3). Abnormal heart rhythm
was not common, with a prevalence of 1.3% (95% CI,
0.2–3.2%) (Table 4 and Figure S2).

Associated extracardiac anomalies occurred in 62.9%
(95% CI, 32.5–88.4%; I2, 93.6%) of cases with a prena-
tal diagnosis of RAI (Figure S3). Among other structural
abnormalities, those involving the gastrointestinal
tract were the most common. Abnormal position of
the stomach and liver were found, respectively, in
54.5% (95% CI, 38.5–70.1%) and 45.9% (95% CI,
11.3–83.0%) of fetuses with RAI, while malformations
of the biliary tract, such as atresia, were less common

(Table 5). Intestinal malrotation occurred in 27.1%
(95% CI, 7.9–52.0%). Asplenia was present in the
majority of cases (PP, 87.6% (95% CI, 75.5–96.0%))
while polysplenia, a common feature of LAI, was rare
(PP, 2.0% (95% CI, 0.4–4.8%)) (Table 5). Only a small
proportion (PP, 3.7% (95% CI, 1.4–6.8%)) of fetuses
with RAI presented with hydrops, which is likely to be
associated with the low incidence of CAVB. Finally, 4.0%
(95% CI, 0.8–9.6%) of cases had abnormal karyotype.

About one third of the pregnancies affected by RAI were
terminated, while 4.3% (95% CI, 2.1–7.3%) experienced
IUD (Table 6, Figure S4). Of the fetuses with a prenatal
diagnosis of RAI born alive, 17.6% (95% CI, 8.7–28.7%)
and 14.7% (95% CI, 7.9–23.1%) died during or after
the neonatal period, respectively (Table 6, Figure S5).
Surgical intervention for CHD was performed in 70.1%
(95% CI, 20.7–99.6%) of children (Table 7). A large
majority of those children required univentricular repair,
while in a small proportion of cases (PP, 7.4% (95%
CI, 0.5–33.7%)) biventricular repair was accomplished
(Table 7). Overall, 27.8% (95% CI, 15.5–42.1%) died
during or after surgery.

DISCUSSION

Main findings

This systematic review shows that fetuses with heterotaxy
are affected by a high rate of associated cardiac
and extracardiac anomalies, with abnormalities of the
atrioventricular valves being among the most common.
Abnormal heart rhythm, especially CAVB, occurs in about
a third of cases of LAI and is responsible for the high rate
of cases presenting with hydrops at an early gestational
age, while this finding is rare in cases with RAI. In cases
undergoing surgery after birth, biventricular repair was
common in LAI while univentricular repair was required
in a large majority of children affected by RAI. Intra- or
post-surgical mortality was high in both LAI and RAI and
occurred in about a quarter of these cases.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2018; 51: 323–330.

Ultrasound Obstet Gynecol 2018; 51 : 323–330
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.17546

Outcome of prenatally diagnosed fetal heterotaxy:
systematic review and meta-analysis
D. I. P. BUCA1 , A. KHALIL2 , G. RIZZO3 , A. FAMILIARI4 , S. DI GIOVANNI1, M. LIBERATI1,
D. MURGANO1, A. RICCIARDULLI1, F. FANFANI1, G. SCAMBIA4 and F. D’ANTONIO5,6

1Department of Obstetrics and Gynaecology, SS. Annunziata Hospital, G. D’Annunzio University of Chieti-Pescara, Chieti, Italy;
2St George’s, University of London & St George’s University Hospitals NHS Foundation Trust Molecular and Clinical Sciences Research
Institute, London, UK; 3Department of Obstetrics and Gynaecology, Università di Roma Tor Vergata, Rome, Italy; 4Department of
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ABSTRACT

Objectives The main aim of this systematic review
was to evaluate the prevalence and type of associated
anomalies in fetuses with heterotaxy diagnosed prenatally
on ultrasound; the perinatal outcome of these fetuses was
also studied.

Methods An electronic search of MEDLINE, EMBASE
and CINAHL databases was performed. Only studies
reporting the prenatal diagnosis of isomerism were
included. Outcomes observed included associated cardiac
and extracardiac anomalies, fetal arrhythmia, abnormal
karyotype, type of surgical repair and perinatal mortality.
The analysis was stratified according to the type of
heterotaxy syndrome (left (LAI) or right (RAI) atrial
isomerism). Meta-analyses of proportions were used to
combine data. Quality assessment of the included studies
was performed using the Newcastle–Ottawa Scale for
cohort studies.

Results Sixteen studies (647 fetuses) were included in
the analysis. Atrioventricular septal defect was the most
common associated major cardiac anomaly found both
in fetuses with LAI (pooled proportion (PP), 59.3%
(95% CI, 44.0–73.7%)), with obstructive lesions of
the right outflow tract occurring in 35.5% of these
cases, and in fetuses with RAI (PP, 72.9% (95% CI,
60.4–83.7%)). Fetal arrhythmias occurred in 36.7%
(95% CI, 26.9–47.2%) of cases with LAI and were
mainly represented by complete atrioventricular block,
while this finding was uncommon in cases with RAI (PP,
1.3% (95% CI, 0.2–3.2%)). Abnormal stomach and
liver position were found, respectively, in 59.4% (95%
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CI, 38.1–79.0%) and 32.5% (95% CI, 11.9–57.6%) of
cases with LAI, and in 54.5% (95% CI, 38.5–70.1%) and
45.9% (95% CI, 11.3–83.0%) of cases with RAI, while
intestinal malrotation was detected in 14.2% (95% CI,
2.5–33.1%) of LAI and 27.1% (95% CI, 7.9–52.0%)
of RAI cases. Hydrops developed in 11.8% (95% CI,
2.9–25.6%) of fetuses diagnosed prenatally with LAI.
Biventricular repair was accomplished in 78.2% (95%
CI, 64.3–89.4%) of cases with LAI, while univentricular
repair or palliation was needed in 17.0% (95% CI,
9.7–25.9%); death during or after surgery occurred in
26.8% (95% CI, 4.6–58.7%) of LAI cases. Most children
with RAI had univentricular repair and 27.8% (95% CI,
15.5–42.1%) died during or after surgery.

Conclusions Fetal heterotaxy is associated with a high pre-
valence of cardiac and extracardiac anomalies. Approxi-
mately one quarter of fetuses with heterotaxy died during
or after surgery. Abnormal heart rhythm, especially heart
block, is common in fetuses with LAI, while this finding
is uncommon in RAI. Biventricular repair was common
in LAI while univentricular repair was required in the
majority of children affected by RAI. Copyright © 2017
ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Heterotaxy encompasses a wide spectrum of conditions
characterized by an abnormal arrangement of thoracoab-
dominal organs across the left–right axis of the heart,
differing from complete situs solitus and inversus1–4.
Although its precise nomenclature and classification are
still under debate, heterotaxy is commonly referred to as

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. SYSTEMATIC REVIEW

Ultrasound Obstet Gynecol 2018; 51 : 323–330
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.17546

Outcome of prenatally diagnosed fetal heterotaxy:
systematic review and meta-analysis
D. I. P. BUCA1 , A. KHALIL2 , G. RIZZO3 , A. FAMILIARI4 , S. DI GIOVANNI1, M. LIBERATI1,
D. MURGANO1, A. RICCIARDULLI1, F. FANFANI1, G. SCAMBIA4 and F. D’ANTONIO5,6

1Department of Obstetrics and Gynaecology, SS. Annunziata Hospital, G. D’Annunzio University of Chieti-Pescara, Chieti, Italy;
2St George’s, University of London & St George’s University Hospitals NHS Foundation Trust Molecular and Clinical Sciences Research
Institute, London, UK; 3Department of Obstetrics and Gynaecology, Università di Roma Tor Vergata, Rome, Italy; 4Department of
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N = 647 foetus, 16 études 



Cardiopathie et syndrome/séquence 
• La cardiopathie est un problème parmi autre.. 
• Souvent il s’agit de cardiopathies facilement 
réparable: Fallot, coarctation, CIV, CIA 

• Le pronostic global est souvent extracardiaque 
• La prise en charge pré- et postnatale est toujours 
pluridisciplinaire 

• VACTERL, CHARGE, Goldenhar 



Particularités du conseil en cas de fœtus 
polymalformé 

•  Une prise en charge pluri-disciplinaire prénatal s’impose toujours 
•  Entretiens avec plusieurs spécialistes: cardiopédiatre, chirurgien 

pédiatrique, généticien etc. 
•  Le pronostic vital ne dépend souvent pas du cœur 

•  Le conseil prénatal doit être adapté à la situation globale 
•  Morbi-mortalité accrue 
•  Multiplication du risque des complications à court et à moyen terme 

•  S’ajoute les problèmes éventuels supplémentaires comme 
•  Retard de croissance intra-utérin –hypotrophie 
•  Prématurité et ses complications 
•  Grossesse gémellaire avec gestion parallèle d’un jumeau sain 



CARDIOPATHIES ET ANOMALIES 
GÉNÉTIQUES PRENATALES 

Orientation diagnostique 
Répartition des anomalies chromosomiques 
Trisomie 13,18,21 
Di George et cardiopathies conotroncales 
CHARGE 



Orientation de la recherche génétique en 
fonction de la cardiopathie en prénatal 

• Canal atrioventriculaire 
 à  trisomie 21 

• Cardiopathies conotruncales  
     à  recherche de la microdeletion 22q11 
 

•  Transposition simple des gros vaisseaux:  
 à  pas d’amniocentèse 

• Asymétrie ventriculo-artérielle marquée chez un fœtus 
du sexe feminin 

 à  syndrome de Turner 



Anomalies chromosomiques et cardiopathies  
fœtales : 548 cardiopathies-18.5% 

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

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

• Malpositions vasculaires    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 



Cardiopathies sélectionnées et anomalies 
génétique 
 
 
Association avec une anomalie chromosomique 
•  TGV     0-2% 
•  Fallot     14% 
• HypoVG     13% 
• Coarctation    4% 

Source: Registre des Malformations Congénitales de Paris 



Anomalie génétique dépistée en prénatal 
la plus fréquente: la trisomie 21 

Prévalence totale: 33/10.000 
Dépistage prénatale via  
•  Anomalie des marqueurs sériques du 1er trimestre 
•  Hyperclarté nuchale 
•  Découverte d’une cardiopathie, le plus souvent un canal 

atrioventriculaire complet 
•  Découverte d’une autre anomalie morphologique: absence/

hypoplasie des os propres du nez, retard de croissance intrauterin, 
particularités des mains/pieds 

 
  NB: 10% des cardiopathies congénitales sont  
 associés à la Trisomie 21 

   50% des trisomiques 21 ont une cardiopathie 



Diagnostic prénatal de T21 et IMG 

   65 

 
 

Trisomie 21 
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 
 

Trisomie 21 
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 29.8 43.4 56.9 68.2 74.3 83.2 87.5 89.1 87.6 85.8 84.6 
% IMG 24.5 40.4 50.9 62.1 71.4 78.8 80.5 85.1 80.7 80.6 79.6 

Naissances enregistrées à Paris de femmes domiciliées à Paris ou dans la Petite Couronne 
   67 

 
 

 
Trisomie 21 

Age gestationnel à l’interruption médicale de grossesse* 

 
                * La somme des 4 groupes d’âge gestationnel représente le pourcentage d’IMG pour la période considérée. 
 
 
L’analyse des modalités du dépistage prénatal pendant la période 2012-2014 montre l’importance du dépistage 
du 1er trimestre : l’échographie, les marqueurs et l’épaisseur de la nuque. Tous les cas dépistés ont été confirmés 
par un prélèvement  fœtal (biopsie trophoblaste ou amniocentèse). 
On peut également noter le pourcentage de cas non dépistés pendant cette période, 15%. Parmi les cas non 
dépistés, 36% des cas n’avaient pas de signe d’appel. 
 
 
Modalités du dépistage prénatal parmi les cas de trisomie 21 de la période 2012-14 
 
 
 

  
Non 

dépistés Dépistés 

 
(75) (413) 

  % % 
Premier examen anomal   
  Echographie 1er trimestre 5.3 18.6 
  Marqueurs sériques 10-13SA 14.7 40.9 
  Marqueurs sériques > 14SA 12.0 10.2 
  Nuque épaisse 8.0 20.6 
  Echographie 2ème trimestre 18.7 7.8 
  Echographie 3ème trimestre 5.3 1.4 
  Prélèvement fœtal systématique* 0.0 0.5 
Pas de signe d'appel 36.0 0.0 
* pour motif maternel ou antécédent de malformé  
 
 

85% dépistés 
15% non dépistés  

Source: Registre des Malformations Congénitales de Paris 



Cardiopathies conotroncales en prénatal 
Groupe anatomiquement hétérogène avec une base 
embryologique commune 

Caractéristique: anomalies de la voie d’éjection 
•  Fallot, APSO, TAC, Agénésie des valves, CIV de la voie 

d’éjection, CIV + aorte à cheval sans obstacle pulmonaire 
MAIS aussi 
• Anomalies des arcs (double arc, crosse à droite isolée) 

• Association fréquente avec le syndrome de Di George 
10-30% selon les études 



Syndrome de Di George 
- Retard du développement, trouble du langage 
- Déficit immunitaire 
- Microdélétion du chromosome 22q1.1 
-  Gène Tbx1 

CIV  T4F  APSO  TAC  MV 
 

IAA  AVP  



Distribution des cardiopathies conotroncales chez 
les nouveau-nés ayant délétion 22q1.1 

Interruption de la crosse  26% 
Tétralogie de Fallot   20.7%   
CIV      15.5% 
Tronc artériel commun  11.4%  
APSO     10.8% 
Agénésie VP    1.5%  
  
Autres     13.9% 
    
   Mais jamais de TGV… 



Cardiopathie conotroncale fait aussi 
penser à 
Association CHARGE 
• Colobome, Heart defect, Atrésie des choanes, Retard de 

développement, Génitales anomalies, Ear anomalies 
•  Agénésie des canaux semi-circulaires 
•  Hypoplasie des lobes olfactifs 

Trisomie 13 et 18 
•  Dysplasie polyvalvulaire 
•  CIV, CIA, PCA, CAV 
•  T4F 
•  Cardiopathie obstructive gauche 
•  Malposition vasculaire 
•  Ventricule unique 



Diagnostic prénatal T18 et IMG 
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Trisomie 18 

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 

 
Trisomie 18 

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 63.0 81.3 83.3 96.8 97.6 98.0 94.7 95.8 97.8 96.8 95.0 
% IMG 31.3 75.0 66.7 90.3 94.1 87.9 88.7 88.0 91.8 93.1 86.3 

Naissances enregistrées à Paris de femmes domiciliées à Paris ou dans la Petite Couronne 
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Trisomie 13 

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 

 
Trisomie 13 

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 44.4 72.7 75.0 100.0 100.0 90.7 98.1 96.2 96.8 96.7 97.1 
% IMG 44.4 54.5 66.7 85.7 86.7 86.0 92.3 88.5 90.3 96.7 88.4 

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

Diagnostic prénatal T13 et IMG 



 
Conclusion 

•  Les cardiopathies congénitales sont souvent associées 
aux anomalies extracardiaques et/ou génétiques 

•  Les associations fréquentes doivent être connues par le 
cardiopédiatre, l’obstétricien et le néonatalogue pour 
orienter le bilan prénatal et la PEC postnatale 

•  La survie des enfants avec CC et malformations 
extracardiaques est moindre qu’en cas de CC isolée 

•  Le diagnostic d’une malformation associée et/ou d’une 
anomalie génétique augmente le taux d’IMG 


