
Damien Bonnet 

Unité médico-chirurgicale de Cardiologie Congénitale et Pédiatrique 
Hôpital Universitaire Necker Enfants malades – APHP, Université Paris Descartes, Sorbonne Paris Cité 

IcarP Cardiology, Institut Hospitalo-Universitaire IMAGINE 

Centre de Référence Maladies Rares 
Malformations Cardiaques Congénitales Complexes-M3C 

Centre de Référence Maladies Rares 
Maladies Cardiaques Héréditaires- CARDIOGEN

Epidemiology of congenital heart diseases
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Epidemiology of congenital heart diseases 
Comparison with other common diseases



Histogram of the incidence of congenital heart diseases  
per 1,000 live births in 62 reports 

Hoffman and Kaplan. JACC 2002;19:1890-1900

± Gaussian curve;
Most reported 8/1000

Included studies < 1985 and > 1985
Most from Western world



Incidence of CHD: only studies > 1985  
( during the echocardiography era)

Bernier et al. The Challenge of Congenital Heart Disease Worldwide: Epidemiologic and Demographic Facts. Pediatr Card Surg Ann 2010;13:26-34. 



Incidence of VSD: big variation

Bernier et al. Pediatr Card Surg Ann 13:26-34  2010



 
Tetralogy of Fallot (hard-to-miss diagnosis): big variation

Bernier et al. Pediatr Card Surg Ann 13:26-34  2010



How	to	explain	these	differences	in	birth	prevalence	of	congenital	
heart	diseases	?

• The differences between studies are substantial


• Explanation of big differences?

– Methodological differences? 

Very likely 
– Ethnic differences?


Likely



Ethnic	differences?

Accessibility of health care, socio-economic 
standard of a country



Prenatal diagnosis, pregnancy termination, perinatal and early neonatal mortality for congenital heart disease   
 Paris Registry of Congenital Malformations, 1983-2000


Chromosomal anomalies excluded

Khosnood B et al. Pediatrics 2005;115:95-101

1983-1988
%

1989-1994
%

1995-2000
% p

Prenatal 
diagnosis 23.0 31.7 47.3 <0.001

Pregnancy 
termination 9.9 14.7 15.4 0,037

Still birth 7.0 4.0 3.2 0,028

First day 
mortality 2.9 1.1 1.1 0,075

First week 
mortality 10.1 4.9 3.3 <0.001

Perinatal 
mortality 16.3 8.7 6.4 <0.001



Prenatal diagnosis, pregnancy termination, perinatal and early neonatal mortality 
for selected (isolated) congenital heart anomalies  

Paris Registry of Congenital Malformations, 1983-2000 

Khosnood B et al. Pediatrics 2005;115:95-101

HLHS 83-88
%

89-94
%

95-00
% p

Prenatal 
diagnosis 31.8 82.8 88.9 <0.001

Pregnancy 
termination 13.6 72.4 63.0 <0.001

First week 
mortality 83.3 75.0 50.0 0.12

Perinatal 
mortality 84.2 75.0 50.0 0.10

TGA 83-88
%

89-94
%

95-00
% p

Prenatal 
diagnosis 12.5 48.1 72.5 <0.001

Pregnancy 
termination 0 7.4 0 0.62

First week 
mortality 18.8 8.3 2.6 0.04

Perinatal 
mortality 23.5 12.0 5.0 0.02



Khosnood B et al. Pediatrics 2005;115:95-101

ToF 83-88
%

89-94
%

95-00
% p

Prenatal 
diagnosis 20.0 37.5 69.7 <0.005

Pregnancy 
termination 10.0 12.5 0 0.07

First week 
mortality 0 0 0 -

Perinatal 
mortality 0 7.1 2.9 0.63

Coarctation 
of the aorta

83-88
%

89-94
%

95-00
% p

Prenatal 
diagnosis 0 33.3 42.4 0.03

Pregnancy 
termination 0 0 0 -

First week 
mortality 0 0 0 -

Perinatal 
mortality 0 0 0 -

Prenatal diagnosis, pregnancy termination, perinatal and early neonatal mortality 
for selected (isolated) congenital heart anomalies  

Paris Registry of Congenital Malformations, 1983-2000 



The EPICARD study 
EPIdémiologie des enfants ou fœtus ayant une CARDiopathie congénitale

Methods 

Population based study

Recruitment over a period of 3 years (2005-2008)

8 years follow-up

Population in Paris area (n = 317 538) 

Patients : children (or fœtuses) with CHD diagnosed prenatally, at birth or during the first year of life (n = 2 867)

Evaluation of cardiac, respiratory and neurodevelopment outcomes


Inclusion criteria 
Live-birth with diagnosis of CHD

Confirmation of CHD by echocardiography 

TOP / Still-birth with confirmed CHD in Paris area


Data collected 
Type of CHD 

Extracardiac malformations/ chromosomal anomalies / syndromes

Coding of CHD by two pediatric cardiologists

Confirmation of diagnosis of TOP/still-birth by foetopathologists

Perinatal management/surgical procedures/interventional procedures/



The EPICARD study 
EPIdémiologie des enfants ou fœtus ayant une CARDiopathie congénitale

ACC-CHD categories Examples

Heterotaxy Heterotaxy syndromes
Anomalies of venous connections Total anomalous pulmonary venous return

Anomalies of atria Atrial septal defect
Anomalies of AV junction  

and AV valves Atrioventricular septal defect

Complex anomalies of AV junction Double discordance
Functionally univentricular heart Hypoplastic left heart syndrome

Ventricular septal defects Perimembranous VSD

Anomalies of 
ventriculo-arterial connections Transposition of the great arteries, DORV

Anomalies of 
extra pericardial trunks Coarctation of the aorta

Congenital anomalies 
of coronary arteries ALCAPA

LVRV

RA LA

Pulm Art

Syst V Pulm V

Aorta

Anatomic and Clinical Classification of Congenital Heart Diseases ACC-CHD

Houyel L, Bonnet D. Orphanet J 2011



Prevalence, pre- and post-natal diagnosis, and infant mortality of newborns with congenital heart defects:  
A population-based study using the International Paediatric and Congenital Cardiac Code (IPCCC)

The EPICARD Study Group

Khoshnood B et al. Heart 2012;98:1667-73

Total 
2867 cases

2349  
Live birth 

82.0%

465 TOP 
16.2%

53 IUFD 
1.8%

Total	number	of	birth	
=	317	538

Live	births	
=	314	022

N = 2867

1753 (61.1%) 
Isolated CHD

409 (14.3%) 
Extracardiac 

anomalies

393 (13.7%) 
Chromosomal  

anomalies

Distribution of categories of CHD and associated anomalies

Total Live births

ACC-CHD categories
% of 

chromosomal  
anomalies

% of extra 
cardiac 

anomalies

% of 
chromosomal  

anomalies

% of extra 
cardiac 

anomalies

Heterotaxy 0 24.3 0 25.0

Anomalies of venous connections 19.4 16.1 7.7 15.4

Anomalies of atria 9.9 19.8 7.5 19.0
Anomalies of AV junction  

and AV valves 57.3 12.7 43.1 13.8

Complex anomalies of AV 
junction 0 7.7 0 0

Functionally univentricular heart 15.8 19.6 8.3 20.8
Ventricular septal defects 9.3 11.1 3.9 11.0

Anomalies of 
ventriculo-arterial connections 10.7 18.8 4.5 14.1

Anomalies of 
extra pericardial trunks 15.9 31.2 3.2 26.4

Congenital anomalies 
of coronary arteries 0 0 0 0



ACC-CHD 
categories

Isolated CHD 
Tertiary center 

%

Isolated CHD 
 Population 

based %
Heterotaxy 55 75.7

Anomalies of venous 
connections 74.1 64.5

Anomalies of atria 60 70.3
Anomalies of AV 

junction  
and AV valves

57 30
Complex anomalies of 

AV junction 88.5 92.3
Functionally 

univentricular heart 88.9 64.6
Ventricular septal 

defects 52.7 79.6
Anomalies of 

ventriculo-arterial 
connections

80.3 70.3

Anomalies of 
extra pericardial trunks 70.8 52.9

Congenital anomalies 
of coronary arteries 100 100

AVSD with chromosomal anomalies are not referred

VSD are referred when non isolated

FUVH are referred when isolated



Prevalence, pre- and post-natal diagnosis, and infant mortality of newborns with congenital heart defects 
A population-based study using the International Paediatric and Congenital Cardiac Code (IPCCC)

The EPICARD Study Group

Khoshnood B et al. Heart 2012;98:1667-73

All CHDs In categories of CHDs

ACC-CHD categories % of prenatal diagnosis (n)

Heterotaxy 89.2 (37)
Anomalies of venous connections 16.0 (25)

Anomalies of atria 4.3 (164)
Anomalies of AV junction  

and AV valves 67.0 (91)

Complex anomalies of AV junction 100.0 (13)
Functionally univentricular heart 92.5 (133)

Ventricular septal defects 9.6 (1353)
Anomalies of 

ventriculo-arterial connections 39.2 (503)

Anomalies of 
extra pericardial trunks 44.7 (143)

Congenital anomalies 
of coronary arteries 0 (9)

ACC-CHD categories % of prenatal 
diagnosis

All cases excluding 
chromosomal anomalies 25.6

All cases excluding 
chromosomal 

and other extra cardiac 
anomalies

23

All cases excluding 
chromosomal, 

other anomalies 
and simple VSD

40.2

Specific CHDs

Type of CHD % of prenatal 
diagnosis

Congenitally corrected 
transposition of the great 100

Functionally univentricular heart 92.5

TGA 84

DORV 98

Proportion of prenatal diagnosis



Khosnood B et al. Heart 2012;98:1667-73

Proportion of Termination of pregnancy

Prevalence, pre- and post-natal diagnosis, and infant mortality of newborns with congenital heart defects:  
A population-based study using the International Paediatric and Congenital Cardiac Code (IPCCC)

The EPICARD Study Group

ACC-CHD categories % TOP
Heterotaxy 75.7

Anomalies of venous 
connections 16.1

Anomalies of atria 4.4
Anomalies of AV junction  

and AV valves 42.7

Complex anomalies of AV 
junction 46.2

Functionally univentricular heart 62.7
Ventricular septal defects 5.7

Anomalies of 
ventriculo-arterial connections 18.5

Anomalies of 
extra pericardial trunks 23.5

Congenital anomalies 
of coronary arteries 0

ACC-CHD categories % TOP

All cases excluding 
chromosomal anomalies 9.8

All cases excluding 
chromosomal 

and other extra cardiac 
anomalies

6.4

All cases excluding 
chromosomal, 

other anomalies 
and simple VSD

14.0

All CHDs : total 16% In categories of CHDs



Perinatal mortality and terminations of 
pregnancy for fetal anomaly (TOPFA) 

associated with nonchromosomal congenital 
heart defects per 1000 births, by country, 

2000 to 2005. 

Helen Dolk et al. Circulation. 2011;123:841-849 Copyright © American Heart Association, Inc. All rights reserved.

Proportion of nonchromosomal SI/SII 
congenital heart defect cases prenatally 
diagnosed (PD)* by pregnancy outcome 

(terminations of pregnancy for fetal anomaly 
[TOPFA] or birth), by country, 

2000 to 2005. 

Severity I (SI): single ventricle, hypoplastic left heart, hypoplastic right heart, Ebstein anomaly, and tricuspid atresia
Severity II (SII): pulmonary valve atresia, common arterial truncus, atrioventricular septal defects, aortic valve atresia/stenosis, transposition of great vessels, tetralogy of Fallot, total anomalous pulmonary venous return, 
and coarctation of aorta, without additional CHD subgroups classified as severity I.
Severity III (SIII): ventricular septal defect (VSD), atrial septal defect, and pulmonary valve stenosis, without additional CHD subgroups classified as SI or SII.



Is TOP for CHD more frequently performed in France ?
• TOP is allowed in France in case of CHD not amenable to « repair » and of « a peculiar severity »


• After 14 weeks, TOP is not allowed without a complex process with multidisciplinary approach in 
a national reference center for prenatal diagnosis (after 22 or 24 weeks in many other European 
countries)


• TOP for CHD is stable for more than 25 years while the proportion of prenatal diagnosis has 
increased dramatically


• Finally, the proportion of prenatal diagnosis for severe defects is a crucial issue:


- if you diagnose 100% of hypoplastic left heart syndromes and 50% of parents chose TOP : 
perinatal mortality is 50%


- if you diagnose 10% of hypoplastic left heart syndromes and 100% of parents chose TOP: 
perinatal mortality of prenatally diagnosed HLHS is 10%



Prenatal 
diagnosis Postnatal diagnosis Infant 

mortality

ACC-CHD categories N <7days 
%

8-28 
days 

%

29 days- 
1 year 

%
% 95%CI

Heterotaxy 8 25.0 0.0 12.5 37.5 8.5-75.5

Anomalies of venous 
connections

26 3.9 11.5 11.5 26.9 11.6-47.8
Anomalies of atria 174 0.6 0.6 2.3 3.5 1.3-7.3

Anomalies of AV junction  
and AV valves 109 8.3 7.3 12.8 28.4 20.2-37.0

Complex anomalies of AV 
junction

7 0.0 0.0 14.3 14.3 0.4-57.9
Functionally univentricular 

heart
48 41.7 12.5 4.1 58.3 43.2-72.4

Ventricular septal defects 1396 0.2 0.5 0.9 1.6 1.0-2.4
Anomalies of 

ventriculo-arterial connections 447 2.3 2.0 4.0 8.3 5.9-11.2

Anomalies of 
extra pericardial trunks 124 3.2 6.5 2.4 12.1 6.9-19.2

Congenital anomalies 
of coronary arteries 9 0 0 11.1 11.1 0.3-48.2

All 2348 2.1 1.8 2.5 6.4 5.5-7.5

All except chromosomal 
anomalies and /or anomalies of 

other systems and IVSD
784 2.9 2.2 3.6 8.7 6.8-10.9

Infant mortality in newborns with congenital heart defects 
The EPICARD Study Group



Proportion of preterm births for newborns with CHD (excluding isolated ASD)

Laas	E	et	al.	Pediatrics	2013



Proportion of spontaneous and medically-induced preterm birth 
for newborns with CHD for all live births 

Laas	E	et	al.	Pediatrics	2013



Proportion of preterm birth according to different categories of CHD

Laas	E	et	al.	Pediatrics	2013



Impact of preterm birth on infant mortality for newborns with congenital heart defects 
The EPICARD Study Group

Laas E et al. in press

•Preterm b i r th is associated wi th an 

approximately four-fold higher risk of infant 

mortality for newborns with CHD. 

•This excess risk appears to be mostly limited 

to newborns < 35 weeks of gestation and is 

disproportionately due to early deaths.



In hospital mortality 
according to term in CHDs

Costello JM et al. Circulation. 2014;12:2511-2517.



Mortality rates in low birth weight infants 
Cardiac surgery for CHD

Curzon CL et al. JTCS 2008



Duration of hospital stay 
according to term in CHDs

Costello JM et al. Circulation. 2014;12:2511-2517.
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N %	exposed	to	ART p†

Tetralogy	of	Fallot 380 6.8 0.001

Coarctation	of	the	aorta 356 3.7 0.895

Transposition	of	the	great	arteries 420 2.9 0.481

Hypoplastic	left	heart	syndrome 346 3.2 0.742

Heterotaxy	syndrome 115 4.4 0.635

Tetralogy	of	Fallot 301 7.6 <0.001

Coarctation	of	the	aorta 323 4.0 0.635

Transposition	of	the	great	arteries 406 3.0 0.556

Hypoplastic	left	heart	syndrome 295 3.1 0.673

Heterotaxy	syndrome 114 4.4 0.621

Table!1.	Numbers	of	cases	and	controls	and	proportions	of	fetuses	conceived	after	Assisted	Reproductive	Technologies	(ART).	

Controls	*

All	cases

Cases	without	chromosomal	abnormalities

*	The	following	malformations	were	used	as	controls:	club-foot,	angioma,	skin	abnormality,	polydactyly,	syndactyly	and	congenital	hip	dislocation.	

†	Comparison	of	the	proportion	of	children/fetuses	conceived	after	ART	between	each	specific	CHD	and	the	malformed	controls.

4	009 3.5

Assisted Reproductive Technologies, and particularly Intracytoplasmic Sperm Injection, are specifically 
associated with a higher risk of Tetralogy of Fallot. 

Tararbit et al. 2012  



Median annual 
income €

The role of socio-economic level



Median annual 
income €

Unemployed % of active population

Annual income
Proportion of unemployed



Vulnerable areas 
Schools, security, housing…

% of poor people

28.6%

16.1%

16.2%12.2%



Khosnood B et al. 2017

Differences in prenatal diagnosis by maternal occupation, geographic origin and place of residence 

Socioeconomic disparities in healthcare are not inevitable 
The EPICARD Study Group

The proportion of PND of CHD 
were similar across categories


The health system organization 
allowed high availability of 
reimbursed specialized services 
that can provide similar access to 
PND for all socioeconomic groups 

All CHD
n 

2867
% 

29.1 Adj-OR 95%CI p

Geographic origin 0 24.3 0 25.0 0.62
France 1370 27.7 Ref Ref

North African 526 28.1 1.0 0.8-1.3
African 393 33.6 1.3 1.0-1.7
Other 562 30.6 1.1 0.9-1.4

Occupation 0.39
Professional 2139 68.9 Ref Ref

None 728 31.6 1.3 0.8-1.5
Department of 

residence 0.31

Paris 972 28.8 Ref Ref

Hauts de Seine 702 29.5 1.1 0.8-1.4

Val de Marne 509 26.3 0.7 0.5-1.0

Seine-Saint 
Denis 684 25.6 0.9 0.7-1.2

€€€€

€€€

€€

€



Khosnood B et al. 2017

Socioeconomic disparities in healthcare are not inevitable 
The EPICARD Study Group

All CHD
n 

835
% 

41.4 Adj-OR 95%CI p

Geographic origin 0 24.3 0 25.0 <0.0004
France 380 46.1 Ref Ref

North African 148 26.4 0.4 0.2-0.6
African 132 34.9 0.6 0.3-1.0
Other 172 48.8 1.1 0.7-1.8

Occupation 0.09
Professional 165 43.0 Ref Ref

None 230 30.4 0.8 0.4-1.3
Department of residence 0.25

Paris 280 42.1 Ref Ref
Seine-Saint Denis 214 38.8 0.9 0.6-1.5

The association between TOP and maternal characteristics in fetuses with prenatal diagnosis of 
CHD are related to maternal geographic origin



How socioeconomic differences in prenatal decision for TOP may influence outcomes ?

• The probability of TOPFA may represent women’s preferences that should of 
course be respected.


• These differences in TOPFA can result in disparities in the spectrum of severity 
of CHD at birth and thereby, all else equal, in the risk of mortality, morbidity and 
long-term adverse developmental outcomes for newborns with CHD. 


• In addition, families with fewer resources may become disproportionately 
responsible for the care of newborns with more severe types of CHD. 


• The extent to which post-natal management can modify any such disparities 
needs to be examined. 



Wernovsky, 2006; Marino et al., 2012


Prevalence of neurodevelopmental anomalies in CHD (0-12 years)



• K-ABC II at 3 years 
• 415 patients with isolated CHD

Neurodevelopmental outcomes in CHDs 
The EPICARD study group

Risk	factors:		

➢Complex	CHD	and/or	
➢Surgery	before	1	year	
➢GA	<39	weeks	
➢Socioeconomic	factors

*

*
*

Calderon	et	al.,	EPICARD	Study	Group	2017	Arch	Dis	Child

*	p<0.05
Normal Normal IQ

Specific 
cognitive deficit

Mild-
moderate 
(IQ 70-85)

Severe 
(IQ <70)



Unadjusted Adjusted
β IC 95% β IC 95%

Gender Female ref – ref –
Male 2.5 [ - 3.3 – 8.3 ] 1.8 [ - 3.8 –  7.5 ]

Maternal education Low -12.9 [ - 20.6 – - 5.2 ] -14.3 [ - 22.1 – - 6.4 ]
Intermediate -5.9 [ - 12.0 –  0.2 ] -6.6 [ - 12.7 –  - 0.5 ]
High ref – ref –

SGA No ref – ref –
Yes -10.4 [ - 18.4 – - 2.5 ] -14.2 [ - 22.3 – - 6.2 ]

Prematurity <37 -11.3 [ - 20.7 – - 1.8 ] -4.3 [ - 14.0 –  5.5 ]
≥37 ref – ref –

Complexity of the CHD Simple ref – ref –
Moderate/ -0.5 [ - 7.6 – 6.6 ] 0.3 [ - 6.9 –  7.4 ]

Duration of first  ICU stay (d) – 0.0 [ - 0.5 – 0.4 ]

Risk factors associated with cognitive outcomes (K-ABC mean global score) in children with CHD

Calderon et al. Arch Dis Child 2017



Improving Surgical Results

Patient Survival 
is Now 

Expected

In 2017, we 
need to 
redefine 

outcomes



Evolution of mortality in CHD



Increased survival and increased complexity 
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Late Complications 

What are the complications faced by GUCHD patients ?



Mortality in GUCHD according to the type of defect

Nieminen et al, Circulation 2001



Death rate due to CHD per 100.000 population by age and sex (USA 1977:1997)



Causes of death in adult CHD



Epidémiologie des cardiopathies congénitales


