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[ Definition }

Etude de la dynamique des phénomeénes de santé = &~
dans les populations, dans le but de mettre en
evidence les facteurs qui les determinent et leur
role, et de mettre en ccuvre les mesures de §
correction appropriées

John Snow

Découverte de la
transmission
du choléra par

* Decrire, comprendre, agir I'eau contaminée &
Londres en 1854



https://fr.wikipedia.org/wiki/Chol%C3%A9ra
https://fr.wikipedia.org/w/index.php?title=Eau_contamin%C3%A9e&action=edit&redlink=1

Epidémiologie descriptive vs. analytique

Descriptive

Etudie les variations dans la fréquence des maladies
Oou?

Quand?

Qui?

Analytigue
Etudie le lien causal entre une maladie et une exposition
Vise a quantifier cette relation




Critere de Bradford Hill

. La force de I’association
Est-ce que mon effet est important # significatif

 La constance de I’association
Est-ce que mon effet est reproduit (attention a [’erreur
d’échantillonage)

* La spécificite de I’association
Est-ce que mon exposition est associée a un effet spécifique

« Latemporalité

Est-ce que mon exposition précéde la survenue de
[’évenement ? Est-ce que le délais de survenu de
[’evenement est suffisant et cohérent avec [’exposition ?

« Legradient/ la relation dose effet

Est-ce que lorsque [’exposition est majoré la survenu de
[’évenement augmente ?

« La plausibilite
Est-ce que les résultats sont cohérents avec [’état de connaissance
actuelle et surtout dans d’autre discipline

« La cohérence
Est-ce que mes résultats sont sous tendu par des preuves
physiopathologique ?

« Expérimentation
Est-ce que je peux etablir un protocole interventionnel qui va
confirmer mon hypothese ?

« Analogie
Y a-t-il des explications alternative aux résultats observées ?



[ Validité interne d’une étude

La validité interne ( « qualité spécifique a I’étude ») est un indicateur de
qualité qui permet au chercheur d'evaluer la fiabilité ou la certitude de ses
conclusions internes.

= fiabilité de la strategie d’analyse et des statistiques

Est-ce que la mesure d’association déterminé est correcte, y a-t-1l une erreur
systematique (ou biais) qui peut fausser les résultats de I’¢tude.

—> Accepter I’hypothése nulle
-> Rejeter I’hypothése nulle et accepter I’hypothése alternative



[ L_es biais }

Un biais de selection est une erreur non aléatoire lié aux procédures de recrutement/ de suivi
des sujets de I'étude. Il y a biais de sélection lorsque la relation entre exposition et outcomes
est differente chez les sujets éligibles pour I'étude et chez les sujets effectivement inclus.
Exemple : biais d attrition lié au perdus de vus

Un biais d’information résulte d’une erreur de classement/ de mesure portant soit sur
I’exposition soit sur I’outcome. On peut distinguer un biais différentiel et non différentiel
Exemple : Etude avec mesure échographique

Un biais de confusion survient lorsqu’il existe une co-variable modifiant la distribution de
I’exposition et la distribution de 1’outcome étudié.
Exemple : La préematurité dans /’étude du neurodéveloppement des différents groupe de CC



[ Validité externe }

Extrapolation des résultats : Est-ce que mon echantillon est représentatif de
ma population cible

[’ objectif ultime de toute ¢tude ¢pidémiologique



Prevalence et incidence

La prévalence : le nombre de cas de CC, a un instant donné ou sur une période donnée. On calcule le taux de
prévalence en rapportant ce nombre a la population considérée. Le taux de prévalence est une proportion

L’incidence : nombre de nouveaux cas de CC dépisté au cours d’une periode de temps donnée, dans une population a
risque (taux) = vitesse

Incidence
L3 F ]

= nouveaux cas * Prévalence
= cas existants

Deces
Guérison
Sortie de la zone d’étude



https://fr.wikipedia.org/wiki/Proportion

Prevalence mondiale des CC
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Changes in the birth prevalence of CHD 1970-2017.

The birth prevalence of CHD subtypes and their changes over time.
(A) The prevalence of mild and severe CHD lesions during 1970-2017.
(B) The birth prevalence of the five most frequent CHD subtypes during 1970-2017.

Liu Y, Chen S, Zuhlke L, Black GC, Choy MK, Li N, Keavney BD. Global birth prevalence of congenital heart defects 1970-2017: updated systematic review and meta-analysis of 260 studies. Int J Epidemiol. 2019



Difféerence dans le monde ?

Incidence/ 1000

Incidence of CHD
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Bernier PL, Stefanescu A, Samoukovic G, Tchervenkov Cl. The challenge of congenital heart disease worldwide: epidemiologic and demographic facts. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. 2010



Différence dans le monde ?

A Overall CHD B Mild CHD lesions
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CHD prevalence in different geographic regions 1970-2017. (A) The prevalence of overall CHD in six geographic regions. (B) The prevalence of mild lesions in six geographic regions.
The number of studies for each region was: Africa 4 (69 304 births), Asia 74 (12 975 858 births), Europe 110 (56 272 142 births), North America 58 (59 498 436 births), South America
9 (667 353 births) and Oceania 5 (1 275 758 births). Data for (A) and (B) are presented as Mean6SE. *, P<0.05, compared with Africa, #, P<0.05, compared with Asia.

Liu 'Y, Chen S, Zuhlke L, Black GC, Choy MK, Li N, Keavney BD. Global birth prevalence of congenital heart defects 1970-2017: updated systematic review and meta-analysis of 260 studies. Int J Epidemiol. 2019



Prevalence mondiale des CC

CHD subtype

Prevalence of CHD subtype

per thowsand (95%
confidence interval)

Percentage of CHD
subtype, % (95%
confidence interval)

Ventricular septal defect

Atrial septal defect

Patent ductus arteriosus

Pulmonary stenosis

Tetralogy of Fallot

Transposition of the great arteries
Atrioventricular septal defect
Coarctation of the aorta
Pulmonary ameriovenous aneurysm
Congenital heart block

Aortic valve insufficiency

ADIC STEN0SIS

Hypoplastic left heart syndrome
Mitral insufficiency

Tricuspid atresia or stenosis
Diouble outlet right ventrcle
Pulmonary atresia

Single ventrcle

Dextrocardia

Total anomalous pulmonary venous return
Mitral stenosis

Truncus artenosus

Ebstein anomaly

Coronary artery aneurysm
Interrupted aortic arch

Partial anomalows pulmonary venous return
Cor triatriatum

3.071(2.845-3.305)
1.441(1.215-1.687)
1.004 (0.803-1.228)
0.546 (0.485-0.611)
0.356 (0.326-0.387)
0.295 (0.269-0.322)
0.290{0.265-0.316)
0.287(0.261-0.314)
0.272(0.153=0.425)
0.268 (0.028-0.752)
0.251{0.137-0.400)
0.186(0.161-0.214)
0.178 (0.162-0.195)
0.152{0.097-0.220)
0.117(0.091-0.146)
0.106 (0.090-0.124)
0,098 (0.085-0.112)
0,093 {0.080-0.108)
0,089 (0.073-0.106)
0.083(0.071-0.095)
0,083 (0.047-0.130)
0.078 {0.067-0.089)
0.044 (0.040-0.049)
0.044 (0.025-0.068)
0.041(0.032-0.051)
0.039{0.027-0.053)
0,022 {0.014=0.031)

35568 (33.876-37278)
15.378(13.492-17.363)
10.172 (8.519-11.954)

6.233 (5.703-6.784)
4.422 (4.064—4.794)
3.819 (3.446—4.210)
3.595 (3.302-3.900)
3.570 {3.273-3.879)
2.975 (1.858—4.343)
3.223 {0.268-9.263)
2.318 (1.271-3.667)
2.334 (2.016-2.674)
2.564 (2.251-2.897)
1.348 (0.899-1.886)
1.071 {0.905-1.250)
1.303 (1.127-1.491)
1.308 (1.113-1.518)
1.145 (0.975-1.330)
1.027 (0.825-1.250)
1.501 {1.163-1.882)
0.955 (0.564-1.446)
0.982 {0.849-1.124)
0.534 (0.467-0.606)
0.417 (0.287-0.571)
0.609 {0.412-0.844)
0.314 (0.238-0.400)
0.245 (0.125-0.405)



Prevalence en Europe et en France des CC

Table 1.  Population* (No. EURQCAT Registries, Births, Percentage National Coverage) and Total Prevalencet (95% CI) of All,
Nonchromosomal and Nonchromosomal SI and Sl CHDs per 1000 Births by Country, 2000 to 2005

Monchromosomal CHD, Sl

Total Births, 2000 All CHD Nonchromosomal CHD and Sl
fo 2005, in Anmual National
Reqistries,® Reqistry Regions, Births Covered, Prevalence per 1000 Prevalence per 1000 Prevalence per 1,000
Countries* n n 2005, % No. Births (95% Cl) Mo. Biris (95% CI) No. Births (95% CI)
Austria 1 G2 667 13 960  165.32 (14.37-16.32) 871 1390(1299-14.85 163 2.60(2.22-3.03)
Belgium 2 182 467 27 1212 6.64(6.27—7.03) 1058  5.80(5.45-6.16) 343 1.88 (1.69-2.09)
Croatiat 1 33 933 14 182  5.36 (4.61-6.20) 161 4.74(4.04-5.54) 4 1.21 (0.87-1.64)
Denmark 1 32 003 201 9.09(B.08—0.200 266  B28(7.31-9.34) f5 203 (1.57-2.54)

Francet

343 715

2853

8.30 (8.00-8.61

2447 712 (6.84-7.41

879

2.56 (2.39-2.73

G
(=] W=

Germany+ 2 124 952 3 1457 11.66(11.07-12.28) 131F 10.52 (9.96-11.11) 269  2.15(1.90-2.43)
Iretand 3 215021 63 1423 6.62 (6.28-6.97) 1083 5.04 (4.74-5.35) 476 221 (2.02-2.42)
Italy+ 3 431 727 15 2944 6.82(6.58-7.07) 2744 6.36 (6.12-6.60) 4 1.75(1.62-1.88)
Malta 1 23 668 100 348 14.70 (13.20-16.33) 301 1272(11.32-14.24) 5 2.15 (1.60-2.83)
Netherlands 1 119 104 10 32  B.15(5.11-6.61) 639  5.37 (4.96-5.80) 2r2  228(2.02-2.57)
Norway 1 346 838 100 3538 1020 (9.87-10.54) 3236  9.33 (9.01-9.66) 611 1.76 (1.63—1.91)
Poland 1 206 170 9 2304 1148 (10.72-11.64) 2116 10.26 (9.83-10.71) 297 1.44(1.28-1.61)
Spaing 2 194 234 7 1080  5.56 (5.23-5.90) 904 4.65(4.36-4.97) 399  2.056(1.86-2.27)
Switzeriand 1 42 874 10 a6 1343 (12.36-14.58) 512 11.94(10.93-13.02) 105 245 (2.00-2.97)
Ukraines 1 25 835 6 201 7.78(6.74-8.93) 180 6.97 (5.99-8.06) 46 1.78 (1.30-2.38)
UK+ 9 951 001 26 6497  6.83 (6.67—7.00) 2516  5.80 (5.65-5.96) 1974 2.08(1.9%-2.17)
Total 29 3 336 209 13 26598 797 (7.88-8.07) 23348 7.00(6.91-7.09) 6745 2.02 (1.97-2.07)




Prévalence en France des CC 2013-2019
EuroCAT

How to read the data
Export the raw data

Counfry/Registry
Auvergne (France), Brittal

Anomaly Years
All Anomalies 2013 to 2019

Case with genetic conditions
Including genetic anomalies

Anomaly group Total cases Live births Stillbirths TOPFA
339.76 (335.25 - 344.32) 251.78 (247.90 - 255.71) 5.46 {4.90 - 6.07}) 82.52(80.30 - 84.78)
40.37 (35.83 - 41.96) 15.38 (14.44 - 16.38) 0.96 {0.73-1.23) 24.03 (22.84 - 25.27)

All Anomalies

Nervous system

Meural Tube Defects

1384 (12.95 - 14.79)

1.44 (116 -1.77)

0.24 (0.13 - 0.39)

12147 (11.32 - 13.05)

Anencephalus and similar 581 (5.23-6.43) 0.13 (0.05 - 0.25) 0.11 (0.04 - 0.23) 557 (5.01-6.18)
Encephalocele 1.96 (1.63-2.34) 0.39 (0.25 - 0.58) 0.06 (0.02 - 0.18) 1.51(1.22 - 1.584)
Spina Bifida 6.07 (5.46-6.71) 0.93 (0.71 - 1.19) 0.06 (0.02 - 0.16) 5.09 (4.55 - 5.67)
Hydrocephalus 6.62 (6.01-7.29) 275(2.36-3.19) 0.16{0.07 - 0.29} 372(3.26-422)
Severe microcephaly 454 (4.03-5.09) 323 (281-3.71) 0.16 (0.07 - 0.29) 1.15(0.90 - 1.44)
Arhinencephaly/holoprosencephaly 3.01(2.60-347) 0.43(0.33-089) 0.14(0.06-0.27) 239202 -2380)
Eye 6.20 (5.60 - 6.84) 4.93 (4.40 - 5.50) 0.08 (0.02-0.18) 1.19(0.94 - 1.49)
Anophthalmos/micropthalmos 1.59 (1.29-1.93) 0.78 (0.58-1.03) 0.06{0.02 - 0.18} 0.74(0.54 -0.98)
Anophthalmos 0.30 (D18 - 0.47) 0.09 (0.03-0.21) 0.00 (0.01 - 0.06) 0.20 (0.11 - 0.35)
Congenital cataract 1.85 (1.53-2.22) 1.76 (1.45-2.12) 0.00{0.01 - 0.08}) 0.09(0.03-0.21)
Congenital glaucoma 0.69 (0.50 - 0.93) 0.69 (0.50 - 0.93) 0.00 (0.01 - 0.06) 0.00 (0.01-0.06)
Ear, face and neck 261(2.22-303) 215 (1.81-2.54) 0.08(0.02-0.18} 0.38 (0.24 - 0.56)
Anotia 0.41(0.27 - 0.60 0.31(0.19-0.48 0.00 (0.01 - 0.06 (.09 (0.03 -0.21

Congenital heart defects
Severs CHD 26.48 (2523 - 27.77)
0.93(0.71-119)
1.84 (1.52-2.20)
370 (3.25-421)

95.08 (92.70 - 97.50) 77.97 (75.81 - 80.17)
15.87 (14.91 - 16.88)
0.35 (0.22 - 0.52)
0.96 (0.73 - 1.23)

2.92 (252 -3.37)

1.74 (1.43 - 2.10)
0.89 (0.68 - 1.16)
0.03 (0.00 - 0.11)
0.05 (0.01-0.14)
0.11(0.04 - 0.23)

1537 (14.42 - 16.36)
9.72 (8.97 - 10.51)
0.55 (0.38 - 0.76)
0.83 (0.62 - 1.09)
0.67 (0.49 - 0.91)

Common arterial truncus
Double outlet right ventricle

Transposition of great vessals

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en



Evolution DAN IMG et Mortalité

TABLE 1. Prenatal Diagnosis, Pregnancy Termination, and Perinatal and Early Neonatal Mortality for CHD*, Paris Registry of
Congenital Malformations, 1983-2000

19831988 1989-1994 1995-2000 ri
Nt Yo 95% C1 N o 95% ClI N o 95% CI

Prenatal diagnosis

All 409 23.0 19.0-27.4 755 31.7 28.3-35.1 805 47.3 43.8-50.8 <.001

All except V5D 297 31.0 25.8-36.6 480 47.5 43.0-52.1 567 61.4 57.2-654 <.001
Pregnancy termination

AEIII _ 415 7.2-13.2 755 @ 12.3-17.4 512 13.0-18.1 037

All except V5D 303 135 9.9-17.9 480 . 19.4-27.2 574 R 18.5-254 010
Stillbirth

All 374 7.0 4.6-10.0 644 4.0 2759 687 3.2 2048 028

All except V5D 262 9.2 6.0-13.3 369 6.8 4498 44 4.5 2.7-6.8 021
First-day mortality

All 348 29 1.4-5.2 618 1.1 0.5-2.3 665 1.1 0422 075

All except V5D 238 42 20-7.6 344 2.0 0.84.1 429 1.6 0.7-3.3 132
First-week mortality

All 348 10.1 7.1-13.7 618 4.9 3.3-6.9 665 3.3 2.1-5.0 <.001

All except V5D 238 14.7 10.5-19.9 344 8.7 6.0-12.2 429 4.9 3.1-74 <.001
Perinatal mortality

All 374 16.3 12.7-20.5 644 8.7 6.6-11.1 687 6.4 4785 <.001

All except VSD 262 22.5 17.6-28.1 369 14.9 11.4-19.0 449 9.1 6.6-12.2 <.001

N” p

V5D indicates ventricular septal defects.

* Cases with chromosomal anomalies were excluded.
t For prenatal diagnosis and pregnancy terminations, the denominators (N) were the total number of cases (stillbirths + live births +
terminations of pregnancy) with CHD. For stillbirth and perinatal mortality, the denominator was stillbirths + live births, and for neonatal
mortality, the denominator was live births.

1 Test of significance for cusum linear annual trend. Babak KhOShnOOd et al PediatriCS 2005



Evolution DAN IMG et Mortalité

TABLE 3. Prenatal Diagnosis, Pregnancy Termination, and Perinatal and Early Neonatal Mortality for Selected (Isolated) Congenital
Heart Anomalies, Paris Registry of Congenital Malformations, 1983-2000
1983-1988 1989-1994 1995-2000 rt
N Yo 95% CI* N Yo 95% CI* N Yo 95% CI*
TGA
Prenatal diagnosis 1.6-38.3 27 48.1 28.7-68.1 40 56.1-85.4 0.001
Pregnancy termination 0-19.5 27 74 0.9-243 40 0-8.8 0.62
First-week mortality 4.0-45.6 24 8.3 1.0-27.0 39 0.1-13.5 0.04
Perinatal mortality 6.849.9 25 12.0 2.5-31.2 40 0.6-16.9 0.02
HLHS
Prenatal diagnosis 13.9-549 29 82.8 64.2-942 27 70.8-97.6 <0.001
Pregnancy termination 29-349 29 724 52.8-87.3 27 42,4 80.6 <0.001
First-week mortality 58.6-96.4 8 75.0 34.9-96.8 10 18.7-81.3 0.12
Perinatal mortality 60.4-96.6 8 75.0 34.9-96.8 10 18.7-81.3 0.10
Coarctation of aorta
Prenatal diagnosis 0459 21 33.3 14.6-57.0 33 25.5-60.8 0.03
Pregnancy termination 0459 21 0 0-16.1 34 0-10.3 -
First-week mortality 0459 21 0 0-16.1 34 0-10.3 -
Perinatal mortality 0459 21 0 0-16.1 34 0-10.3 -
Tetralogy of Fallot
Prenatal diagnosis 2.5-55.6 16 37.5 15.2-64.6 33 51.3-844 0.005
Pregnancy termination 03445 16 12,5 1.6-38.3 34 0-10.3 0.07
First-week mortality 0-33.6 13 0 0-247 33 0-10.6 -
Perinatal mortality 0-33.6 14 7.1 0.2-339 34 0.1-15.3 0.63

Babak Khoshnood et al Pediatrics 2005




Prévalence EPICARD et Prénatal

Table 2 Total and live birth prevalence of congenital heart defects: the EPICARD

Prevalence (per 10000}

LB TOP SB
ACC-CHD categories N % % % Total* 95% Cl Live hirtht 95% Cl
1. Heterotaxy, inchuding isomerism and 37 21.6 75.7 2.7 1.2 0.8 to 1.6 0.2 0.1 to 0.5
MIrmor-imagery
2. Anomalies of the venous return a1 3.9 16.1 0.0 1.0 0.7 to 1.4 08 0.5 to 1.2
3. Anomalies of the atria and interatrial 182 95,6 4.4 0.0 5.7 4.9 to 6.6 55 4.7 to 6.4
communications
4. Anomalies of the atrioventricular 213 51.2 427 6.1 6.7 5.8 to 7.7 15 2.8 to 4.2
junctions and valves
5. Complex anomalies of atrioventricular 13 53.8 46.2 0.0 0.4 0.2 to 0.7 0.2 0.1 to 0.5
connections
6. Functionally univentricular hearts 158 30.4 62.7 6.9 5.0 4.2 to 5.8 1.5 1.1t0 2.0
7. Ventricular septal defects (VSD) 1491 936 5.7 0.7 47.0 44.6 to 494 44.4 42.1 to 468
8. Anomalies of the ventricular outflow tracts 563 79.4 18.5 2.1 17.7 16.3 to 19.3 14.2 12.9 to 156
9. Anomalies of the extrapericardial arterial trunks 170 73.5 735 3.0 5.3 4.6 to 6.2 40 3.3t 4.7
10. Congenital anomalies of the coronary arteries g 100.0 0.0 0.0 0.3 0.1to 0.5 03 0.1 to 0.5
Al 2867 81.9 (63) 1.8 87.0 to 9356 74.8 7181t 778
All, excluding cases associated with chromosomal 2471 9.2 CT8) 10 T 74.8 to 809 6.4 67.3 to 732
anomalies
All, excluding cases associated with chromosomal 2036 92.8 0.8 64.1 61.4 to 67.0 60.2 57.5 to 62.9
or other muﬂﬂm
All, excluding cases associated with chromosomal 930 4.2 14.0 1.8 29.3 274 10 312 24,9 23.2 to 26.7

or other anomalies and IVSD$
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Association etablis pour un risque majoreé de
survenue de grossesse avec CC

™




Exposition maternelles et risque (établi ou éventuel) de CC

TABLE 2. Exposures Associated With Definite or Possible Risk of Offspring With CCVD*

Defect RR Reference(s)
Maternal illness
PKU Any defects =B 17-20
Pregestational diabetes Any defects 3118 6, 23, 33, 34
Conotruncal defects 5.55 36
Laterality and looping 8.3 6
d-TGA 3.8-272 6, 33
AVSD 10.6 ]
Septal defects 2.9-20.2 6, 33, 35
HLHS 3.9 6
Outflow tract defects 3.7-17.9 33, 35
PDA (BTW =2500 g only) 56.9 33
Febrile iliness Any defects 1.6-29 6, 16, 62, 63
Conotruncal defects 1.55 36
Any right-sided obstructive defects 2.2-29 6, 15
Tricuspid atresia 5.1-5.2 6, 15
All left-sided obstructive defects 27 15
Aortic coarctation 2.7 15
V5D 1.8 15

Jenkins KJ et al Noninherited risk factors and congenital cardiovascular defects

. current knowledge Circulation. 2007



Exposition maternelles et risque (établi ou éventuel) de CC

TABLE 2. Exposures Associated With Definite or Possible Risk of Offspring With CCVD*

Defect RR Reference(s)
Influenza Any defects 2.1 10, 63
Conotruncal defects 1.74 36
d-TGA 24 10
All right-sided obstructive defects 2.5 10
All left-sided obstructive defects 29 10
Aortic coarctation 3.8 10
VSD 2.0 10
d-TGA with intact venfricular septum 2.2 6
Tricuspid atresia 43 6
Maternal rubella Any defects T b5-57
VSD 1 58, 50, 196
PDA 1 58, 59, 196
Pulmonary valve abnormalities T 58, 59, 196
Peripheral pulmonic stenosis T 58, 59, 196
Epilepsy Any defects T 82

Jenkins KJ et al Noninherited risk factors and congenital cardiovascular defects: current knowledge Circulation. 2007



Exposition maternelles et risque (établi ou éventuel) de CC

TABLE 2. Exposures Associated With Definite or Possible Risk of Offspring With CCVD*

Defect RR Reference(s)
Maternal nontherapeutic drug exposure
Maternal vitamin A Outflow tract defects 0.0-9.2 169, 170
Cranial neural crest defects (cardiac and noncardiac) 0.7-4.8 168, 171, 172
Pulmonic stenosis and other noncardiac defects 0.5 173
Maternal therapeutic drug exposure
Anticonvulsants Any defects 4.2 105107
Indomethacin tocolysis PDA t 123, 124
NSAIDs
Ibuprofen Any defects 1.86 122
d-TGA 25 4
AVSD (Down syndrome) 2.4 4
VSD 1.9 4
Bicuspid aortic valve 4.1 4
Sulfasalazinet Any defects 3.4 13
Thalidomide Any defects t 84
Trimethoprim-sulfonamides Any defects 2.1-4.8 13, 14

Jenkins KJ et al Noninherited risk factors and congenital cardiovascular defects: current knowledge Circulation. 2007



Exposition maternelles et risque (établi ou éventuel) de CC

TABLE 2. Exposures Associated With Definite or Possible Risk of Offspring With CCVD*

Defect AR Reference(s)
Vitamin A congeners/retinoids Any defects T 85, 86
Maternal nontherapeutic drug exposure
Marijuana V3D 19 160
Ebstein’s 24 6
Environmental (maternal)
Organic solvents Conotruncal defects 2.3-39 150, 175
HLHS 34 6
Aortic coarctation 3.2 6, 176
Pulmonic stenosis 5.0 6
d-TGA with intact ventricular septum 3.4 6
Tetralogy of Fallot 2.7 6
TAPVR 2.0 6, 214
AVSD, nonchromosomal 5.6 6
Ebstein’s anomaly 36 6, 215
V3D 119

Jenkins KJ et al Noninherited risk factors and congenital cardiovascular defects: current knowledge Circulation. 2007



Exposition maternelles et diminution du risque de CC

TABLE 1. Matemal Multivitamin/Folic Acid Supplements and
Decreased Risk of Offspring With Congenital Cardiovascular Defects

Vitamin/Supplement Defect OR Reference(s)
Multivitamin supplements Any 0.5-0.8 8-10
(including folic acid)
VsD 0.2-1.2 9, 10, 12
Conotruncal 0.5-1.0 1012
defects

Multivitamin supplements Any i} 15
(including folic acid)
in women with febrile illness
rolate antagonist only Any 2.1 13, 14

*0R not applicable.

Jenkins KJ et al Noninherited risk factors and congenital cardiovascular defects: current knowledge Circulation. 2007



Age maternel

Risque majore : + 4% /an

10

20

]
. 30 :
age de la mere {(anneas)

K. Tararbit et al. 2013
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Et les peres ???

Study Publication year Odds ratio (95% CI)
[ 1
Su 2015 + 1.08 (1.04,1.12)
1
Wang 2015 —s 0,93 (0,69, 1,23)
Materna-Kiryluk 2008 - 1.21{1.12,131) 1.6
1
Yang 2007 =~ 1.28(1.21,1.35)
Kazaura 2004 -~ 1,25 (1,16, 1,35)
Cedergren 2002 —l—i— 1.04 (0.69, 1.56) 141
Olshan 1994 —— 1.22 (110, 1.35)
Pradat 1992 — 0.97 (0,73, 1,29) [
H r
1 4
Zhan 1991 * : 0.72 (0.42,1.24) g 121 s +
Overall (l-squared = 80.8%, p = 0,000) (i) 1.16 (1.07, 1.25) : . *
1 r
: 0<0.001 ¢ !
l I ' I
25 5 1 2 ;
1-0 T ____{____‘__ L J_ J-
Figure 2. Association between advanced paternal age and CHD (congenital heart defects): main meta-analysis (nine studies,
random-effects model).

Paternal age

Figure 4, Dose-response meta-analysis. The measures of associations in the selected studies were ORs or RRs (relative risk) depending on
the study design.

Joinau-Zoulovits F at al Hum Reprod. 2020 Nov



Diagnostic préenatal et variable socio économique

Table 3 Associafion between the odds of TOPFA and maternal sociceconomic and clinical factors in fetuses with isolated CHD-VSD exduded

n % of TOPFA 95%Cl p
Matemal age |years|
<34 184 24 18-31 0.5
35-37 43 32 8-47
=38 a7 30 &-43
Gravidity
Primigravida o9 27 20-33 0.8
Multigravida 175 26 18-36
Matemal geographic origin
France 152 33 25-40 0003
Alrica falal 11 3-18
Cither 56 28 1&6-40
Matemal occupation
Professional 91 3 21-40 0.12
Infermediate 36 25 -39
Adminisirafive,/ public service 51 25 13-38
MNone 74 5 &-23

OR (Afrvs Fr)
= 0.1]0.02-0.4]

Tararbit K et al Clinical and socioeconomic predictors of pregnancy termination for fetuses with congenital heart defects: a population-based evaluation. Prenat Diagn. 2013




Prévalence et SES

") (, Ethny ?
SR Genetic ?

8

R L e i Environnement ?

Gross National Income (GNI, $)
Coefficiont= 0 00002190 [95% C1. -0 U0000ES to -5 940-08), SE~ 7 57006, 2--2 89 (7-0.004)

. wvoro Measurement and
p | publication bias ?

0

Prevalence of LVOTO ) 1000 births
2

o 20000 40000 0000 80000 100000
Gross National Income (GNI, $)
Confcit= 9 27w00 [35% Cl_ 2 Mie-00 n T 720-00] SF= 1 28n-006 7= 4 20 (P 001)

Liu Y, Chen S, Ziihlke L, Black GC, Choy MK, Li N, Keavney BD. Global birth prevalence of congenital heart defects 1970-2017: updated systematic review and meta-analysis of 260 studies. Int J Epidemiol. 2019



Assistance medicale a la procréation

Table 3 Logistic rbgressiun analyses of the associations between assisted reproductive technologies (all methods
combined) and congenital heart defects

Cases Crude OR® 95% ClI Adjusted” OR® 95% CI
All All CHD 10 Ref. 1.0 Ref
13 1.1-1.6 1.3 1.0-1.6 Registre MFP
CHD without chromosomal abnormalities 10 Ref. 1.0 Ret. 5493 cases of CHD
14 Li-17 4 1L1-17 3847 malformed controls
CHD without chromosomal abnormalities and excluding V5D 10 Ref. 1.0 Ret.
14 1.1-1.8 1.5 1.1-19
singletons only All CHD 10 Ref. 1.0 Ref.
1.1 08-15 1.1 0.8-1.5
CHD without chromosomal abnormalities 10 Ref. 1.0 Ret.
1.1 08-15 1.2 0.9-1.6 )
CHD without chromosomal abnormalities and excluding VSD 10 Ref. 1.0 Ref. K. Tararbit et al. EHJ 2011
1.1 08-15 1.2 0.8-1.6

*Odds ratios represent the odds of a birth (including live births, stillbirths, and pregnancy terminations) with congenital heart disease (cases) relative to the odds of a birth with one
of the malformed controls (see the Methods section for details).
"Adjusted for maternal age, geographic origin, occupation, and year of birth.

This higher risk for CHD varied specifically according to the method of ART and the type of CHD and may be due to
ART per se and/or the underlying infertility of couples.



Assistance medicale a la procréation

Table 5 Logistic regression analyses of the associations between assisted reproductive technologies (all methods

combined) and subcategories of congenital heart defects

Subcategories

Crude OR* 95% Cl Adjusted” OR®

Malformations of the outflow tracts and ventriculoarterial connections 1.0
1.6
Malformations of the atrioventricular valves and atrioventricular connections 1.0
07
Functionally univentricular CHD 1.0
07
Anomalies of the great arteries 1.0
1.3
Wentricular septal defects 1.0
1.4
Anomalies of the atria and interatrial communications 1.0
1.4
TGA, heterotaxy syndrome, and discordant atrioventricular connections 1.0
12

Cardiac neural crest defects and double outlet right ventricle without ventricular hypoplasia 1.0

1.6

Ref.
12-22
Ref.
04-12
Ref.
04-13
Ref.
0B-22
Ref.
11-18
Ref.
06-32

Ref.
0B8-20

Ref.
11-25

1.0

1.7

10
0.6

10
0.6

10
13

1.0

13

10
20

10
13

10
17

95% CI

Ref
1.2-2.4
Fef.
0.4-1.2
Fef,
0.3-1.3
Ref.
0.8-2.3
Ref.
1.0-1.6
Ref.
0.8-5.0

Ref.
0.8-2.3

Ref.
1.1-27

Registre MFP
5493 cases of CHD
3847 malformed controls

*Ordds ratios represent the edds of a birth (including live births, stllbirths, and pregnancy terminations) with congenital heart disease (cases) relative to the odds of a birth with one

of the malformed controls (see the Methods section for details).
"Adjusted for maternal age, geographic origin, occupation, and year of birth.

K. Tararbit et al. EHJ 2011




Association entre AMP et CC Prématuré avec mediation par
grossesse gemellaire

Grossesse
gemellaire
AMP >4 CC prématuré
Profession maternelle
Légende
Predicteur - [ ] Age maternelle
Outcome : 1
Mediateur [ ] Origine géographique
F. Confusion [_]




Association entre AMP et CC Prématuré avec mediation par
grossesse gemellaire

Table 4 Decomposition of the total effect of infertility treatments on the risk of preterm birth into its direct and indirect (ie, mediated through multiple pregnancies)
components

Total effect Direct effect Indirect effect Estimated
size of the
Infertility Unadjusted Adjustedt Unadjusted Adjustedt Unadjusted Adjustedt indirect
CHD treatments OR* 95% Cl OR* 95% CI OR* 95% Cl OR* 95% CI OoR* 95% Cl OR* 95% Cl  effect (%)
All CHDs Maone 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref
All methods 4.7 3.0to 7.4 28080 1.8 1.1t028 1.7 1028 26 2035 29 2.010 4.
combineds
NF=ICSIE 5.2 29t09.5 52 30to90 149 1.1t031 1.7 1.0to30 28 20t39 30 211042 667
Isolated CHD Maone 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref
All methods 5.4 1310 s. 2010102 17 101028 1.7 10129 32 231044 32 2.3m4.
combineds '
IWF=ICSIE 5.7 30t 59 30to11.4 1.7 09033 1.8 09t35 33 221050 3.3 22t051 6.2
11.0
Isolated major Maone 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref
CHD
All methods 4.6 1.7to 15099 22 0860 1.8 07wds 2.1 131035 2.2 1.2103.9
combineds 119
NF=ICSIE 56 1.7t0 45 1210174 2.3 07081 1.8 0564 25 131045 2.6 141046 627
18.5

*0ORs represent the odds of preterm birth in fetuses with CHD exposed to ART relative to the odds of preterm birth in fetuses with CHD unexposed to ART.

tAdjusted for matemnal sociodemographic charactenstics (age, geographical origin, occupation), gravidity, diabetes mellitus, vaginal bleeding, invasive prenatal testing, prenatal diagnosis of CHD,
intrauterine growth restnction, medical induction of labour or caesarean delivery before labour and year of birth.

Fincluding induction of ovulation.

ART, assisted reproductive technigque; CHD, congenital heart defect; ICS, intracytoplasmic sperm injection; IVF, in vitro fertilization; Ref, reference.



CC: proportion de mortalité infantile totale

™

Proportion nftu:-rtal infant deaths

W :41%

B 41% to<67%
O 67%to<9-0%
@ 0%to<13-2%
B =13-2%

GBD 2017 Congenital Heart Disease Collaborators. Global, regional, and national burden of congenital heart disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health. -
Mar;4(3):185-200. doi: 10.1016/S2352-4642(19)30402-X. Epub 2020 Jan 21. Erratum in: Lancet Child Adolesc Health. 2020 Feb



CC: mortalite infantile ajuste

'\.

Mortality rate per 100 000 infants

M <341

[ 341to <685
] 685tn<1136
E 113-6to <1519
B =151.9

GBD 2017 Congenital Heart Disease Collaborators. Global, regional, and national burden of congenital heart disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health. -
Mar;4(3):185-200. doi: 10.1016/S2352-4642(19)30402-X. Epub 2020 Jan 21. Erratum in: Lancet Child Adolesc Health. 2020 Feb



Mortalité et evolution

1530 Global LowSDI  |Low-middleSDI | MiddleSDI  |High-middlesD|  High SDI
Lioww exr respiratony infections )
Meonatal preterm birth

Dizrrhoeal diseases

Meonatal encephalopathy duwe to birth asphyxia and travma : ] i 4
Cther neonatal disorders (]
Congenital heart disease

Meonatal sepsis and other neonatal infections : ! ]

Tetamus : 10

Protein-energy malnurtrition 9 12

Measles i 13

Malaria

Cther congenital anomalies g
Hasmatytic disease and other neonatal jaundice 16 15 ;0
Syphilis 12

‘Whooping cough 15 i) 14 14

Drug-susceptible tuberculosis 16 16 17

Maural tube defects 7 19 19 15 a

Crthar maningitis 1B 15 19

Digestive congenital anomalies 19 73 i 13 10

Sudden infant death syndrome 20 20 pri | 13 E |
Pulmionary aspiration and foreign body in aireay 21 29 22 11 11

H influenzaes type B meningitis 27 A 18 1 16

Paralytic ileus and intestinal obstruction 23 28 23 20

Cither vnspedfied infectious diseases 24 25

Visceral leishmaniasis i BE ’

GBD 2017 Congenital Heart Disease Collaborators. Global, regional, and national burden of congenital heart disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health. 2020



Mortalite et evolution

2017 Global Low 5D | Low-middle DI | Middle 51 | High-middle 5D High 501

Maonatal pretarm birth
Lipew er respiratory infections

Meonatal encephalopathy due to birth asphyxia and travsma 3 3
Other neonatal disorders : 4 F
Diarrhoeal diseases ] ] ¥

Meonatal sep=s and other neonatal infections : & 7

Congenital heart disease 4
Malaria T i 7
Syphilis q 9 3
Other congenital anomalies 10 g -1

Protein-energy malmrtrition 11 1z & (0
Ha=molytic disease and other necnatzal jaundice 1z 15 11 & 7
Meaural tube defects 13 13 16

Digestive congenital anomalies 14 17 15

Othear meningitis 15 14 13 i .
Whooping cough 16 1z v

Saddan infamt death syndrome 17 16 18 g
HIAIDS resulting inother diseases 1B 18 14 5
Pulmonary aspiration and foreign body in aireeay 10

Dirug-=rsceptible tuberculosis 19 el

Measles 20 1 400 A6
H influenrae type B meningitis 3 15 b0
Faralytic ileus and intestinal obstruction r

Other vnspedfied infectious diseases I3 ] ; [
Tetanus 71 . L .

Death rate per 100000 children
B ootoBy BH-837to2400 OJ=24011t047-23 [ =47230w0 3826 E-8816to277-63 M -227-63to 3314-30

GBD 2017 Congenital Heart Disease Collaborators. Global, regional, and national burden of congenital heart disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health. 2020



Mortalité et évolution

100~
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— A 1
2 18,942 i
18,913

2000
W Adults = Children

2005
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2010
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2000

M Adults m Children

Ariane J. Marelli. Circulation. Lifetime Prevalence of Congenital Heart Disease in the General Population From 2000 to 2010,
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Survival %
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Morbidite : le nouveau challenge

All patients operated between 1953-2009

10

T T T

20 30 40

Years after first operation

All patients operated between 1990-2009

50

Number
Follow-up at risk at
Legend time 40 years
- — Pop
A
— ALL 1833
—=— PDA 59 963
—e— ASD 53 201
=X
—— COA 55 246 ©
——VSD 52 126 =
@D
== "TOF 58 108
TGA 46 11
—a— HLHS 17 -
—=— UVH 47 5 C
60
=X
Number g
Follow-up at risk at 5
Legend time 20 years @D
= = Pop
— ALL 712
—— PDA 22 152
—e— ASD 22 140
—o— COA 22 68
—— VSD 22 116
——TOF 22 40 °\_;
TGA 22 29 =
=
——HLHS 17 : =
—=— UVH 22 15

Years after first operation

20
Raissadati et al., Circulation 2015
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B
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100 ~ * TOF 100
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60 - p 60
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Morbidité court moyen et long terme



CC et PAG

Study

Proportion SGA (95% CI) Weight (%)

All CHD

Reynolds (1972) 1341

Khoury (1988) 24
Nembhard (2007) 71
Membhard (2009 )34
Wallenstern (2072 ) 114
Subtotal (I’=97.5% p=0.00)

Isolated CHD

Kramer (1980) 371

Malik (2007 ) 1]
Nembhard (2007 ) (47
Wallenstein (2072) 119
Story (2015) #

Subtotal (F=74% p=0.00)

Overall heterogeneity
between groups
(1*=97.5% p=0.00)

[

0.1 0.2 0.3

1

0.14 (0.11, 0.18)
0.27 (.25, 0.29)
0.16 (0.15, 0.16)
0.19 (0.19, 0.20)
0.24 (0.18, 0.30)
0.20 (0,16, 0.24)

0.15 (0.13, 0.18)
0.15 (0.14, 0.16)
0.13 (0.12, 0.13)
0.15 (0.09, 0.22)
0.16 (0.12, 0.20)
0.14 (0.13, 0.16)

19.41
21.28
22,52
2244
14.35
100.00

20.03
29.55
33.46
5.98
10.97
100.00

Subgroup Author Pooled Proportion (95% CI) % Weight
HLHS
Total peoled reswl | {15-23)
Ehoury (1988) [12] 3 (15-33) 7.36
Membhard (20049 [41) 23 (18-28) 22 81
Williames (20100 [49] b (17-24) 4879
Swenson (2012) [47] 149 {15-24) 2104
ToF
Total proled reswl 3 (24-37)
Ehoary (14988) [12] M (25-43) 2005
Membhard (2009) [41] 26 {23-30) 48,18
Swenson (2012) [47] 34 {25-48) 277
TGY
Total pooled reswl 17 (13-23)
Ehoury (1988) [12] 17 (11-23) H79
Membhand (2009) [41) il {17-24) 4134
Swenson (2012) [47] 13 (B-18) 2087
V5D
Total pooled result 19 {1820
Ehoury {1485) [12] 27 (24-31) 131
Membhard (2009) [41] 7 {16-19) B0
Codo
Total pooled result r.r (149-25)
Ehoury (1988 [12] 8 (21-36) 1906
Membhard (2009) [41] 20 (17-24) 8054
AVSD
Total pooled reswl . (21-33)
Khoury (1988) [12] 28 {20-38) e
Williames (2010 [459) 5 {168-33) 53.51
Swenson (2012) [47] 3z {15-54) .19
Ta
Total proled reswl T (21-35)
Williames (2010 [459) M {22-54) 7464
Swenson (2012) [47] 21 {10-37) 2516
CAT
Total pooled result P {1730
Khoury (1988 [12] . (11-41) 1466
Membhard (2009) [41] P (17-34) 6.1
Swenson (2012) [47] 14 [6-37) 1624

Ghanchi et al Children Born with Congenital Heart Defects and Growth Restriction at Birth: A Systematic Review and Meta-Analysis




Neurodéveloppement des CC

Associé a

100%
= Troubles des apprentissage
£ 75% .
S BSevere Impairment  Echecs scolaires
5 E
ST 0 Mild or Combined .
SE  50% Disabikties Problemes de comportement
SE ONo Disabilties ‘ _
=20 Problemes sociaux
(5]
> 25%;
©
= Transition vers I'age adulte
2 .
Mild Moderate Severe Pallated  Syndromic Qualité de vie (enfants et adultes)

Neonate
Complexity of Congenital Heart Disease

¢ Dolk H, Loane M, Garne E, European Surveillance of Congenital Anomalies (EUROCAT) Working Group. Congenital heart defects in Europe: prevalence and perinatal mortality, 2000 to 2005. Circulation. 1 mars 2011;123(8):841-9.
¢ Khoshnood B, Lelong N, Houyel L, Thieulin A-C, Jouannic J-M, Magnier S, et al. Prevalence, timing of diagnosis and mortality of newborns with congenital heart defects: a population-based study. Heart. nov 2012;98(22):1667-73
e Raissadati et al., « Progress in Late Results among Pediatric Cardiac Surgery Patients




Flow chart

EPICARD cohort

children born alive

N= 23438

Exclusion
Genetic or syndromic abnormalities
reported at 8 years of age n= 467
VSD/ASD' not selected for follow-up

Eligible population
N= 11962

after sampling at random n =613
Deathn =70
Diagnostic errorn = 2

Refusal to participate n = 176 (14.7%)

Child with 8 years follow-up

N=598 (50 %)

Lost to follow up n =422 (35.3 %)

Postal mail follow-up n =117 (9.8 %)

Study population
N= 473 (39.5%)

Uninterpretable tests * or incomplete n = 8 (0.7%)

Children with ventricular septal defect or atrial septal defect with spontaneous closure
2 Reference for all percentages
3 Severe hearing and/or visual impairment, language barrier



Linear regression coefficient of the overall 1Q

Qz 100 (15) 5

Unadjusted P Adjusted* p
CCHD with heart failure 29.14 0.006 79 0.008
CCHD without heart failure - 957 0.006 .73 0.02
No CCHD with heart failure 58 0.05 _ 431 0.12
Minor CHD requiring intervention - 363 0.19 _264 0.29
Minor CHD not requiring intervention - 366 0.097 _ 9255 0.19

*Covariates of adjustment: sex of the child, prematurity, maternal origin in 4 classes, language spoken at home and level of maternal
education in 5 classes

Heckman selection model used complexity variable in 3classes
Derridj N et al J Pediatric 2021



Linear regression coefficient of specific domains

\ /
Qz 10 @ L earning and Comprehension of Repetition of non-sense

Memory Instructions(language) words(language)

Ajusted* p Adjusted* p Adjusted* p
CCHD with heart failure 2118 0.06 2196 0.000 05 0.24
CCHD without heart failure . 051 0.42 - 058 0.24 073 0.12
No CCHD with heart failure - 136 0.008 _ 146 0.000 11 0.007
Minor CHD requiring intervention 2076 0.11 - 0.45 0.19 - 0.39 0.27
Minor CHD not requiring intervention _gp38  0.91 -0.26 0.33 -024 0.39

*Covariates of adjustment: sex of the child, prematurity, maternal origin in 4 classes, language spoken at home and level of maternal
education in 5 classes

Heckman selection model used complexity variable in 3classes - o
Derridj N et al J Pediatric 2021



Qualite de vie liée a la santé

Cohen’d effect size compared QoL score of isolated CHD vs non isolated CHD

Reported by children Reported by parents

Physical score  Psychosocial Total score  Physical score Psychosocial  Total score

score score
Isolated CHD vs -0.33 044 - 0.49
[-0.53: -0.14] [-0.65: -0.25] [-0.69: -0.29]
non-isolated CHD
Evaluation Seuil
d coefficient of 0.2 is considered as a “small effect size” Small 0.2
d coefficient of 0.5 is considered as a “medium effect size” Medium 0.5

d coefficient of 0.8 is considered is considered as “large effect size” _

Derridj N et al (submitted)



Qualite de vie liée a la santé

Cohen’d effect size compared QoL score of each group of CHD to control

Reported by children Reported by parents
Physical score | Psychosocial | Total score | Physical score | Psychosocial Total
score score score
Follow-up in consultation without i i _
intervention at 8 years old e Bl e - 0.07 -0.11 -0.11
Complete repair before 3 years old -0.21 -0.40 -0.40 2010 022 - 021
Complete repair after 3 years old -0.10 -0.55 067
Palliative repair -0.30 -0.74
Evaluation Seuil
Medium 0.5

Derridj N et al (submitted)



Etiologie et mortalite des GUCHD

Cyanotic CHD Noncyanotic CHD
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Priya Pillutla et al Mortality associated with adult congenital heart disease: Trends in the US population from 1979 to 2005



GUCHD et risque de Cancer

Survival

\

Log-Rark Test p<0.0001

0.55

0.9

Follow up time in years

| 0w EXpOSUTE

High ex pos ure

A

Cumulathve number of LOIR procadures

Number of procedures (2 or 3) vs. (0 or 1)
1.3 .06 182

Humber of procedures (4 or 6] vs, (0 or 1)
1.38 (090 2.12)

Mumber of procedures [6+) vs, (0 or 1)
237 (1.4F 3.54)

0.1 1 10
Odds ratls for pradictors of cancer
[35% confidence interval)

The effect of LDIR from cardiac procedures on cancer risk
in ACHD in the case-control study with LDIR exposure
represented with the cumulative number of procedures

Adjusted Kaplan-Meier* curve for cancer-free survival probability for
patients with high exposure from LDIR-related cardiac procedures (at least 6

procedures, dashed line) in comparison with low exposure (0 or 1 procedure,
solid line).
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Cost ($1000)

Median cost/case (IQR)

$25,499 (20,645-30,962)
$33,679 (26,915-47,381)
$44,318 (34,743-63,808)
$51,464 (39,976-74,640)
$44,893 (33,695-69,400)
$49.445 (36,293-80,545)
$94,902 (70,357-129,984)
$133,006 (90,189-204,006)
$165,168 (110,446-257,980)
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